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ABSTRACT

Solomon, S.G.; Ugonna, B.O.; Olufeagba, S.0. & Okomoda, V. T., (2017). Haematology and gonad histology of
Oreochromis niloticus (Linnaeus, 1758) fed Carica papaya seed meal. Braz. J. Aquat. Sci. Technol. 21(1). elSSN
1983-9057. DOI: 10.14210/bjast.v21n1. This research investigated the effect of Pawpaw (Carica papaya) seed meal (PSM)
on haematological parameters and gonad histology of Oreochromis niloticus (Linnaeus, 1758). Freshly hatched fry of O.
niloticus were fed blended commercial diet (35%CP) mixed with varying levels of PSM (0, 2, 4, 6 and 8gkg™") for 28days
in fifteen aquarium tanks (30x30x20cm?). Resultant fingerlings were maintained in outdoor concrete tanks (1x1x1m?3) for
140days till they gained an average weight of 30g. Haematological analysis and gonad histology was done to determent
the effect of the PSM on the fish. Haematological changes observed in this study did not revealed detrimental effect of
feeding of PSM. However, histological evaluation of the gonads showed various degrees of deformities and tends to in-
crease in severity as the levels of PMS increased. It was concluded that PSM might not affect the health status of the Nile

tilapia but lead to sterility of the fish.
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INTRODUCTION

The culture of tilapia is exemplary among many
freshwater fishes due to several factors (FAO, 2002).
This includes hardness, high resistance to diseases,
tolerance to wide range of salinity, high yield potential
and acceptability of natural and artificial feed (Meyer
2002, EI-Sayed, 2006, Olufeagba and Okomoda
2015). However, due to the precocious maturation
and uncontrolled spawning notice among this group of
fish (Ekanem and Okoronkwo, 2003), several methods
have been developed to control reproduction for cost
effective production (Toguyeni et al., 2002; Olufeagba
and Okomoda 2015). Of all the methods of reproduc-
tion control, sex reversal is the most used and effec-
tive technique (Pandian and Varadaraj, 2005). This
technique presents an opportunity to overcome the
limitation of precocious breeding by converting geno-
typic females into phenotypic males or vice versa using
appropriate hormone (Nakamura and Takahashi, 1973;
Toguyeni, et al., 2002; Davis et al., 2010 Babiak et al.,
2012). However, the use of steroid hormone in food
fish have raised a lot of question about possible health
implication (Ayotunde and Ofem, 2008; Jegede, 2010).
Hence, suitable natural alternatives that are biodegra-
dable are currently the focus of many researches.

Pawpaw (Carica papaya) seed meal (PSM) is
one of such alternative with phytochemical that have
found a place of purpose in all male production of tila-
pia. Its active ingredient, masculation potential and the
effect on the growth of fed fish have been well reported
(Udoh and Kehinde, 1999; Ekanem and Okoronkwo,

2003; Ayotunde and Ofem, 2008; Kobayashi et al.,
2008; Omeje 2016). However, there is paucity of in-
formation about the health status of fish fed varying
levels of inclusion of this natural sex reversing agent.
Biochemical and physiological biomarkers as well as
some histological examinations are frequently used
for detecting or diagnosing the effects of different
substances to fish (De La Fuente et al., 1999) and can
also be used to evaluate the fish’s health conditions
(Solomon and Okomoda 2012). Shah and Altindag
(2004) noted that studies on fish blood particular gives
the possibility of knowing the physiological conditions
within the fish long before there is an outward mani-
festation of any detrimental condition and effect. This
is because some parameters of the blood changes
in response to reflect the imbalance and stressful
condition in which the fish is subjected (Solomon and
Okomoda 2012). However, this outward manifestation
of effect could irreversible in nature significantly affec-
ting functions such as behaviour, growth, reproduction,
meat quality and survival (EINaga et al., 2005). Due
to the perceived prospect of PSM for all male tilapia
production, this study was designed to evaluate the
haematological and gonad histological effects of PSM
feeding on Nile tilapia.

MATERIAL AND METHOD

Fresh pawpaw seeds were obtained from ripe
fruits bought from the Wadata market in Makurdi
and transported to the Department of Fisheries and
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Aquaculture research farm, University of Agriculture
Makurdi, Nigeria. The seeds were dried under shade
and milled into a fine powder; kept in a dry, clean,
airtight plastic container at room temperature until
usage. Coppen feed (35% crude protein) purchased
from a reputable feed store in North Bank, Makurdi
Nigeria were blended, sieved (with 0.5mm sieve) and
mixed with the prepared PSM at the of 0, 2, 4, 6 and
8g/kg of feed (respectively for the five treatments of the
study). Freshly hatched fry of O. niloticus were then
fed in triplicate (50 fry per aquarium of 30x30x20cm?)
for a treatment period of 28days. After this, the resul-
tant fingerlings were transferred to triplicate concrete
tanks (1x1x1m?) according to the previous treatment
applied and maintained for a recovery period of five
months. The fish were fed at 5% body weight twice
per day with Coppens (without the inclusion of PSM).
Water quality was kept optimum during the treatment
and recovery period, by regular water change with
continuous aeration (T°C = 26.5+0.7; pH = 7.00£0.26;
Cond. =570£2.90; TDS 245.0+0.80; DO = 4.59+0.50).
This was monitored daily using a VS| professional plus
multi-parameter water quality meter (Model 13M10065,
Made in the USA).

At the end of the study, all the surviving fish
from each treatment were tranquilized with 150 mg/1
solutions of tricaine methane sulphonate (MS222)
(Wagner et al., 1997). Pooled blood was collected from
ten fish per treatment by cutting the caudal peduncle.
The collected blood was placed in coded 1.5mL hepa-
rinized plastic tubes, stored on ice according to the
procedures established by Campbell and Murru (1990).
Haematocrit (Hct;%) or Packed cell volume (PCV) in
the blood samples was assayed by microcentrifuga-
tion at 3500 x g for 10 min of standard heparinized
microhaematocrit capillary tubes and measuring
the percentage of packed cell volume (Barros et al.,
2002). Haemoglobin concentration (Hb; g dL-1) was
spectrophotometrically measured on the basis of cy-
anmethemoglobin procedure by Drabkin (1945). The
number of red (RBC) and white blood cell (WBC) were
counted microscopically in a haemocytometer, using an
improved Neubauer chamber after diluting blood sam-
ples with Hayem solution (for RBC) or Turk solution (for
WBC) (Barros et al., 2002). Mean corpuscular volume
(MCV; fl), mean corpuscular haemoglobin (MCHb; pg)
and mean corpuscular haemoglobin concentration
(MCHC;%) were calculated for each sample according
to the method of Klinger et al. (1996) as shown below;

_ PCV x1000
RBC x10"

where PCV = Packed Cell Volume
RBC = Red Blood Cell Count

mcv

MCH = Hb(gl;_zl) 1
RBCx10“.L7

where Hb = haemoglobin concentration
RBC = Red Blood Cell Count

Hb(g.L'l)

MCHC = ————
pcy(L.L7)

All the tranquilized fish were however dissected
to observe the phenotypic character of the gonads.
The male, female and infertile character were given
in the presence of clearly observable testis, egg sac
or immature gonad (characterized by thread-like ap-
pearance or irregular shapes) respectively. Histological
examination of gonads was done to determine the ef-
fect of PSM on the reproductive organs. Specimens of
the gonads from each treatment were fixed for 24h in
formalin—saline solution (1:1 of 10% formalin and 0.9%
sodium chloride). Histological sections of 5p thickness
was then prepared following standard procedures des-
cribed by Luna, (1992). Descriptive statistics of the
haematological parameters were analysed using mini
tab 14 computer software followed by one-way analysis
of Variance (ANOVA). When significant (P<0.05) dif-
ferences were observed, data were separated using
Fisher’s least significant difference.

RESULTS

The result of the haematology parameters of O.
niloticus treated with pawpaw seed meal is given in
Table 1. White Blood count (WBC), Red Blood count
(RBC) and Platlet (PLT), were similar in fish previously
fed the experimental diet and those fed the control
diet (P>0.05). However, Packed cell volume (PCV),
Haemoglobin (Hb) Mean corpuscular haemoglobin
(MCH) and Mean corpuscular volume (MCV) were
higher (P<0.05) in fish previously fed 4gkg™ PSM (23.0,
7.75,23.14 and 68.66 respectively) and least in those
fed the control diet (21.0, 7.25, 21.02 and 60.88 respec-
tively). The reverse trend was however, observed in
the in Mean corpuscular haemoglobin count (MCHC).

The effectiveness of pawpaw seed as a natural
hormone in the production of all male O. niloticus is
demonstrated in Figure 1. Result obtained revealed
significant difference, increase in percentage male
up to inclusion of 6gkg™ and subsequently reduced.
Female tilapia was noticed in 2gkg™ and the control
treatment but not in the other treatment. However,
sterile and infertile percentages increased significantly
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in O. niloticus fed 4gkg" and beyond. Histological exa-
minations of the gonads of treated and control groups
of O. niloticus is given in Plates 1-7. Result revealed
significant visible effect of PSM feeding on the gonad
structure. While normal stages of oocyte development
were observed in females of the control groups, de-
generative stromas were observed in the group fed the
least treatment (2gkg™). Ovary histology of the other
groups was impossible due to absence of female speci-
men. However, the testis histology of the control group
and that of those previously fed 2gkg'PSM shows

evidence of normality with presences of primary and
secondary spermatocyte with well-defined connective
tissues. However, beyond 2gkg™ pawpaw feeding
level, significant abnormalities were observable in the
gonad. Gonad of fish previously fed 4gkg'showed
evidence of deformation in the seminiferous tubules,
while degeneration was evident in the spermatozoa
present in the ductus deference of the fish group fed
6gkg’. More so, deformation of seminiferous lobule
and severe erosion of the spermatozoa were visibly
seen in fish group fed 8gkg™.

Table 1 - Haematological parameters of Oreochromis niloticus after a four month recovery period from pawpaw seed treatment at varying

levels of inclusions.

Parameters TRT 1 TRT 2 TRT 3 TRT 4 TRT 5
PCV 21.00+0.00¢ 21.5+0.01°¢ 23.00+0.028  22.55421.55P 21.55+0.05¢
Hb 7.25+0.05°¢ 7.35+0.05% 7.75+0.05% 7.45+0.05° 7.40+0.00°°
WBC 2.25+0.05 2.28+0.03 2.30+0.00 2.38+0.13 2.28+0.03
RBC 3.45+0.05 3.40+0.00 3.35+0.02 3.40+0.04 3.36+0.01
PLT 18.25+0.25 18.00+0.01 18.20+0.00 18.25+0.05 18.00+0.00
MCH 21.02+0.45¢ 21.62+0.15*  23.14+0.15*  21.91+0.15° 22.06+0.04°
MCV 60.88+0.88¢ 63.24+0.01¢ 68.66+£0.00*  66.33+0.15° 64.24+0.06°
MCHC 34.53+0.24* 34.19+0.24%*  33.69+0.22%°  33.04+0.30° 34.34+0.08%°
Mean in the same row with different superscripts differ significantly (P<0.05)
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Figure 1 - Sexual phenotype of O. niloticus after four month recovery from pawpaw seed treatment at varying levels of inclusion.
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Plate.4 - Photomicrograph of O. niloticus testis feed 2g/kg feed
showing connective tissue (CT), spermatocytes, scanty spermatozoa

Plate 1 - Photomicrograph of O niloticus ovary fed Og/kg PSM ~ and spermatid (ST).

showing normal stages of oocytes development (OO), yolk droplet
(YD) and matured oocytes (MO).

Plate 5 - Photomicrograph of O. niloticus testis feed 4g/kg feed
Plate 2 - Photomicrograph of O. niloticus Ovary 2g/kg of feed  showing connective tissue, Secondary spermatocyte (SPT), defor-
showing matured yolk droplet (YD), Developing follicle (arrow), mation in seminiferous tubules and spermatozoa (SPZ).
Degenerated Stroma (S) and Oocyte (00).

Plate 3 - Photomicrograph of O. niloticus testis fed 0g/kg feed (con-  Plate 6 - Photomicrograph of O. niloticus testis feed 6g/kg feed
trol) showing primary spermatocytes (P-SP), connective tissue (CT),  showing spermatid (ST), Secondary spermatocyte and degeneration
Secondary spermatocyte and normal spermatozoa. of spermatozoa in ductus deference (DD).

"
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Plate 7 - Photomicrograph of O. niloticus testis feed 8g/kg feed
showing spermatocytes, deformation in seminiferous lobule and
severe erosion of spermatozoa (SPZ).

DISCUSSION

The outcome of this study revealed reduction
in the levels of PCV, Hb, MCH and MCV beyond
4gkg' PSM treatment while RBC, PLT and WBC were
statistically same. Omeje (2016) had earlier reported
insignificant reduction in RBC of treated groups des-
pite feeding as much as 30 gkg'PSM in the diet of
Oreochromis mossambicus. However, Ayotunde et al.
(2010) reported significant decrease in RBC counts
of Clarias gariepinus fingerlings exposed to various
levels of pawpaw seed extract ranging from 100 to
500 mg/20L. Also Kavitha et al. (2012) reported a
decreased value for RBC in Common carp Cyprinus
carpio treated with 12.40mg/L of Moringa oleifera seed
extract. Red blood cells (erythrocytes) contain haemo-
globin and its main function is to transport oxygen and
carbon dioxide. Hence, any significant reduction or
changes in its number may be indicative of anemia or
stress (De Pedro et al., 2005). It is the most abundant
cell type and has proved to be a highly variable blood
parameter among different fish species (Daneshvar
et al., 2012) and among the same species as dictated
by different environmental conditions and feed types
(Solomon and Okomoda 2012). Hence, the observation
of this study is suggestive that feeding of PSM may not
have affected the health status of the fish significantly.
However, the finding of Ayotunde & Ofem, (2008) who
reported significant decrease in haemoglobin of O.
niloticus at a concentration of 5.0 mg of pawpaw seed
extract per litre of culture water further suggest that
dosage and mode of administration of PSM could lead
to differentiation in the outcome of studies of different
experiments. This result also agrees with the findings of
Ozovehe (2012) who reported no significant influence
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of Moringa oleifera on the WBC of Clarias gariepinus.
Ayotunde et al. (2010), however, reported significant
decreased in the levels of WBC of O. niloticus fed
PSM. While, Omeje (2016) had results which indicated
insignificant effect of PSM on the WBC count in O.
mossambicus. Decreased in WBC means reduction
in the disease fighting capacity of the fish (Rapatsa &
Moyo 2013). While, Vazquez & Guerrero, (2007) had
stated that thrombocytes (platelets) plays key role in
blood clotting, Omeje (2016) concluded that, xenobiotic
treatments that result in the increase of these blood
parameters are associated with an improved immune
system functioning, compared to treatments that result
in their decrease, which are associated with a compro-
mised immune. In this study, there was no significant
difference in the means of these parameters between
the treatment groups and the control. Hence, justifying
the assumption that treating O. niloticus with PSM as
a natural sex reversal agent will not compromise the
health status of the fish.

Gender has been previously implicated as one
of the most important factors influencing the haemato-
logical parameters of different fish species (Santos et
al., 2009). Omeje (2016) had earlier reported that RBC
count of male O. mossambicus was significantly higher
than that of the females. Similarly, the findings of Karimi
et al. (2013) also revealed the presence of more RBC
in male yellow fin sea bream (Acanthopagrus latus)
compared to the females. However, the findings of
Santos et al. (2009) suggest insignificant difference in
the haematological parameters of male and female fat
snook (Centropomus parallelus). According to Acharya
& Mohanty (2014), the significantly higher values of
RBC, haematocrit and haemoglobin observed often
and predominantly in male of many fish species could
be linked to higher metabolic rate. This is because
these parameters are linked to dissolved oxygen car-
rying capacity of the blood which is important for all
activities. The increase value of these parameters in
the present study (although not significant in some
parameters) could therefore be linked to the sex ra-
tio screwed toward male. Hence, these parameters
peaked in the group fed 4gkg™ due to higher percen-
tage of male and no female population. It thereafter
reduced due to reduction in male percentages and
increase in sterile fish.

Many researches in aquaculture have examined
the effect of phytoestrogenous extracts in various
plants on the growth, digestive and immune-stimulation
systems of many animals (Francis et al., 2001; 2002;
2005; Stadtlander et al., 2008; Jegede, 2011; Abdelhak
etal., 2013; Ampofo-Yeboah, 2013 Angeles and Chien
2015). Only few studies considered the effect of phy-
toestrogens on histology of fed fish. The result obtained
showed various levels of deformities in both male and
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female gonads of the various groups fed the pawpaw
seeds. Ovary histology of the groups treated beyond
2gkg™ PSM could not be obtained due to the absence
of female. This suggest that PSM is efficient in sex-
reversing O. niloticus. More so, degenerative stromas
were female observed in the group of fish treated with
2gkg' PSM. Jegede and Fagbenro, (2008) had earlier
reported necrotic ovaries in Tilapia zilli when fed basal
diet containing Neem leaves, (Azadirachta indica)
incorporated at 2.0gkg™'. Similar gonadal histological
changes were reported by Jegede, (2010) and Jegede,
(2011) when Hibiscus rosa-sinesis leaves (at 3.0 gkg™)
and Aloe vera latex (2.0 mlkg™") were incorporated in
the diet of Nile tilapia respectively. Endocrine disrupting
compounds (EDCs) in plant such as phytoestrogens
have been implicated as having the ability to impair
animal reproduction either by affecting gonad dif-
ferentiation or by delaying maturation (Omeje 2016).
This is evident in the level of degeneration observed
in the group fed 2gkg™' and absence of females in
groups treated beyond 2gkg " hence screwing sex ratio
in favour of male. However, just as reported earlier,
beyond 4gkg', the male percentages begin to reduce
and screw in favour of sterility. To further understand
the biology of fish fed higher PSM levels, histological
examination of the testis revealed deformation in the
seminiferous tubules, degeneration in the spermatozoa
and seminiferous lobule as well as severe erosion of
the spermatozoa. The degree of deformities observed
tends to intensify as the levels of inclusion of the PSM
increased. Similar findings were noted when PSM were
included in the basal diet of Nile tilapia at 120gkg-' diets
as (Abdelhak et al., 2013). The authors further opined
that the significant gonadal histological changes evi-
dent in high doses were irreversible while medium as
well as low dosage may have reversible effects. These
sterility effects has also been reported in cheetahs
fed a feline diet of a soybean product, but reversed
when the soybean product was removed from the diet.
Saponin extracts from Quillaja saponaria (Francis et
al., 2002), fenugreek (Trigonella foenum-graecum),
soapbark tree (Quillaja saponaria) (Stadtlander et al.,
2008), and Tribulus terrestris (Omitoyin et al., 2013),
have also been reported to shifted the normal 50:50
male to female sex ratio of Nile tilapia larvae in favour
of males with various degree of abnormalities in the
gonad but with high sperm concentrations. Although
these masculinization effects of saponin extracts have
been explained by the fact that it able to elevate testos-
terone production (Ganzera et al., 2001), and increase
sperm density (Adaikan et al., 2000; Gauthaman et
al., 2002). However, the degenerative effect of PSM
as demonstrated in this study is indicative of the fact
that beyond an optimum level, testosterone production
could be greatly decreased and sterility enhanced. This
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optimum point could be the focus of future research.
Bucholtz et al. (2008) had stated that gonadal
development is a continuous process, but specific his-
tological characteristics can be used to classify stages
of gonadal development during the reproductive cycle.
Omeje (2016) had also opined that C. papaya extract
contain active ingredient that can caused pronounced
hypertrophy, hyperplasia and gradual degeneration of
the germ cells, sertoli cells and leydig cells, as well as
germinal epithelium of both gonads. However, con-
sidering the fact that the PSM treatment was done in
the fry stage of O. niloticus, the histological changes
and degeneration observed in this study was less
pronounced and severe that the studies of Ekanem
and Okoronkwo (2003); Ekanem and Bassey (2003);
Abbas and Abbas (2011) and Jegede and Fagbenro
(2008). This is because the exposure periods in this
study coincides with the period of gonadal differen-
tiation which is estimated between 8 — 25 days post
hatching in tilapia (Nakamura and Takahashi, 1973).
While the cited literatures were treated at post-juvenile
stage after gonadal development has long taken place.
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