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ABSTRACT: The World Health Organization classified snakebite envenomation as one of the Neglected
Tropical Diseases in 2017. The significance of Echis ocellatus in causing envenomation in humans and animals in
Northern Nigeria has been widely recognized, with experts identifying it as the most medically important snake in the
region. Consequently, this study aimed to investigate the toxicopathological effects of Echis ocellatus venom on
Swiss albino rats subjected to experimental envenomation. The vital organs were collected and examined
histopathologically. The data revealed necrosis and congestion in the heart tissues of envenomated rats compared to
the control group. Similarly, the kidney sections showed necrosis and congestion in the nephrotic tissues, while the
liver sections exhibited necrosis, congestion, and perivascular cuffing. Data obtained show that the haematological
parameters: PCV was 26 * 0.7723% in the envenomated group compared to 44 + 0.5213% in the control group.
Hemoglobin levels were 8.67 + 0.4217 g/dL versus 14.23 + 0.3871 g/dL, erythrocyte counts were 1.0 + 0.5617
x10%/L compared to 9.0 + 0.3938 x10°/L, and total protein was 3.2 + 1.1623 g/dL compared to 8.6 + 0.2928 g/dL in
the controls. MCH was 21.675 pg compared to 15.556 pg in the controls. Table 2 provides leukocyte parameters:
leukocyte counts were 12.0 + 0.5429 x10%L for the envenomated group and 12.12 + 0.2419 x10°/L for controls.
Monocyte levels were 0.0 + 0.00% in the envenomated group versus 1.6 + 0.2844% in the controls. These findings
suggest the venom of Echis ocellatus induces significant hematotoxicity, with pathological involvement of the heart,
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Snake venoms are a specialized cocktail of
polypeptides (Lee, 2009) which are toxins that are
enzymatic or non-enzymatic. Other snake venom
components include carbohydrates, lipids,
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nucleosides, biogenic amines, proteins and metals
(magnesium, calcium, and zinc) (Koh et al., 2006).
Usually, snake venoms are classified based on their
modes of action. The different types so far


https://www.bioline.org.br/ja
mailto:dr.adagabriel@gmail.com
mailto:peterofemilemaggie@gmail.com
mailto:dr.adagabriel@gmail.com
mailto:dbabscan@gmail.com
mailto:mdsani77@gmail.com
mailto:amymate12@gmail.com
mailto:mammanm@hotmail.com
mailto:Kawumukawu@gmail.com
mailto:mbisng@yahoo.com
mailto:samsonjamesenam@gmail.com
https://dx.doi.org/10.4314/jasem.v28i12.51
https://creativecommons.org/licenses/by/4.0/
https://www.ajol.info/index.php/jasem
https://www.ajol.info/index.php/jasem

Toxicopathological Effects of the Venom of Echis ocellatus on Experimentally Envenomated. ..

documented are described as haemotoxic, neurotoxic,
cytotoxic, myotoxic, nephrotoxic or cardiotoxic
(Theakston et al., 2003; Yusuf et al, 2015; Ameh et
al., 2019). Snake venom has also been implicated in
cardiac muscle necrosis leading to cardiotoxicity
associated with snake envenomation (Theakston et
al., 2003% 2003"; EchiTab, 2008; Yusuf et al., 2015).
That feature has been reported in most classes of
venomous snakes (Koh et al, 2006; Mackessy, 2009;
Kini and Doley, 2010). Several snakes have been
reported to cause envenoming in Northern Nigeria
(Habib, 2013, Abubakar et al., 2010, Yusuf et al.,
2015), Echis ocellatus is believed to be responsible
for most bites in Northern Nigeria (WHO, 2010,
Abubakar et al., 2010). Echis ocellatus is believed to
be responsible for more snakebite envenoming in
Northern Nigeria than all other species put together
(Yusuf et al., 2019). Although most reported cases of
snakebite in Northern Nigeria occur in humans (with
very few exceptions), snake envenomation of
domestic animals occurs frequently, has a worldwide
distribution, and has been reported in dogs, cats,
horses, sheep, cattle, and New World camelids
(Goddard et al., 2018, Willey et al., 2005, Anlén
2008, Dykgraaf et al., 2006, Yusuf et al., 2019). The
existing protocol for the management of snake
envenoming by the WHO was purely designed based
on human encounters. This present work therefore
focused on the clinic-pathologic effects of the venom
of snakes of Northern Nigeria in Swiss albino rats
with the intent of proffering suggestions that can be
more easily extrapolated for management of snake
envenoming for veterinary use.

MATERIALS AND METHODS

Ethical Approval: Ethical approval was sought from
the animal use and ethics committee of Ahmadu
Bello University, Zaria, Nigeria.

Median lethal dose (LDsg): The LDsy was determined
using the up-and-down method described by Bruce
(1987) and Depass (1989). In this method, animals
are dosed one at a time starting at an estimated LDsg
dose. If the first animal survives, the next animal
receives a higher dose. If the first animal dies, the
next animal receives a lower dose. Doses are usually
adjusted by a constant multiplicative factor such as
1.3. The dose for each successive animal is adjusted
up or down depending on the outcome of the previous
animal.

In vivo inoculation: Adult male albino rats weighing
95 — 120g were used for this study. Ten rats were
randomly divided into 2 groups of 5 rats per group
and labelled A and B. Mice were provided with feed
and water ad libitum. Feed was compounded from
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commercial poultry feed. Mice were sourced from the
Faculty of Pharmaceutical Sciences, Ahmadu Bello
University, Zaria. They were allowed to acclimatize
to the animal room of the Department of
Pharmacology and Toxicology, Faculty of Veterinary
Medicine, Ahmadu Bello University, Zaria, for 2
weeks. Twice the LDs, of crude venom of Echis
ocellatus (5.64 mg/kg) was injected intraperitoneally
into rats in group A (Dong et al, 2004). Group B was
injected with distilled water. Feed and water were
provided ad libitum and clinical signs of
envenomation were recorded. Rats were observed for
24 hours after which 1ml of blood was taken from
each surviving mouse in 3.8% sodium citrate for
haematological evaluation. The rats were then
sacrificed and the heart, liver, kidneys, spleen, lungs
and brains were harvested and stored in 10% formalin
for histopathological examination.

Evaluation of packed cell volume (PVC): The packed
cell volume (PCV) was determined using the standard
technique as described by Rehman et al. (2003). The
non-heparinized capillary tube was filled up to about
% of its length from one end and the second end was
heat-sealed using a Bunsen burner. The blood in the
sealed capillary tube was then centrifuged for 5
minutes at 4,383 x g using the Saitexiangyi
TG12MX® Micro-haematocrit centrifuge machine.
Then the proportion of cells in the total volume of
blood was measured and recorded as a percentage
using the Hawksley® Micro-haematocrit Reader.

Evaluation of erythrocyte and total leukocyte counts:
Red blood cells (RBC) and total WBC (or TWBC)
counts were determined as described by Natt and
Herrick (1952) as modified by Campbell and Ellis
(2007) using the Natt-Herrick solution (1:200
dilution) and the Improved Neubauer
haemocytometer as both counts can be prepared
directly from the same sample placed in the
haemocytometer. The heparinised blood samples
were slightly agitated and the RBC diluting pipette
was used to pipette the blood to the 0.5 markings. The
tip of the pipette was cleaned properly using tissue
paper without touching the distal opening of the
pipette tip with tissue, as this will cause a capillary
shift of blood into the tissue. The diluting solution
(Natt-Herrick) was also pipette to the 101 markings
(1:200) without entirely immersing the pipette tip into
the diluting fluid. The mixture was well shaken for 1
minute to obtain equal distribution then emptied into
a clean sample bottle. The Neubauer haemocytometer
and coverslip were cleaned using a dry, lint-free
cloth. The coverslip was properly placed on the
haemocytometer. The mixture was then agitated a
little and a capillary tube was used to withdraw a
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small aliquot. One side of the haemocytometer was
filled up (charged) by gently touching the intersection
between the coverslip and haemocytometer with the
loaded capillary tube avoiding air bubbles and under-
filling or over-filling, then left for 5 minutes for cells
to settle down.

The light microscope (Olympus-XSZ-107BN), at low
power magnification (X40), was used to view the
cells and counting was done using the tally counter.

For TWBC count, the WBC in the four outer large
squares of the haemocytometer were counted and
calculated using the formula below:

N wBex10°/L
20 x 10°/

Where N = Number of WBC counted in the four
outer large squares (or in 64 small squares)

For RBC count, the cells contained in the four corners
and central squares in the mid-section of the
haemocytometer were counted. Following the “L”
rule: cells that touch the centre triple lines of the
ruling on the left and the bottom sides were counted
but cells that touch the centre triple lines of the ruling
on the right and the top sides were not counted. The
RBC count was calculated using the formula below:

N RBCx 10'2/L
100

Where N = Number of RBC counted in the 5 squares
in the mid-section of the haemocytometer (or in 160
squares)

Determination of differential leukocyte count: A
small drop (about 2 pL) of blood was immediately
used for the preparation of blood smears each using
the standard slide-to-slide technique. The air-dried
smears were properly labelled using a pencil on the
frosted end of the slide and then fixed in a fixing jar
containing methanol for 3 minutes and air-dried.
Staining was done by flooding the smears with
Wright-Giemsa stain for 3 minutes. An equal amount
of Serensen’s buffer (pH of 6.8) was added then
mixed gently by blowing using a pipette until green
metallic sheen forms on the surface. This was
allowed to stand for a further 6 minutes. The smears
were rinsed with the Serensen’s buffer and allowed to
stand for a minute for differentiation. The stained
slides were then washed copiously with Serensen’s
buffer and the back of the smears were wiped with
tissue paper to remove the excess stain and allowed to
air dry. These were neatly packed into a slide box
until viewing. Examination of the blood smears was
done using a light microscope (Olympus-XSZ-
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107BN) under high-power magnification with oil
immersion (X1,000). One hundred WBCs were
counted and classified based on their morphologic
features (Campbell and Ellis, 2007). The counting
was done using the Marble® Blood Cell Calculator.
The differential WBC count was then expressed as a
percentage of the individual cell group. The
percentage of each cell was then converted into
absolute numbers by reference to the total WBC
using the formula below:;

Percentage of WBC counted x TWBC

100
= Absolute Number x 10°/L

Determination of haemoglobin concentration: Blood
haemoglobin concentration was assayed
colourimetrically as cyanomethhaemoglobin
(Drabkin, 1945). Five millilitres of HICN (Drabkin)
solution were measured using a 5 ml syringe into
plastic test tubes. Twenty microlitres (20 pL) of
blood were measured using a micropipette and added
to the Drabkin solution in the test tube and properly
mixed by gently shaking the test tube. It was
centrifuged at 1,500 x g for 10 minutes to separate the
empty RBC from interfering with the reading. The
supernatant was separated into a sample bottle. The
mixture was absorbed into the haemoglobin meter
(XF-C, China). After the wiggling pump stops
working, the value displayed on the screen was
recorded in g/dL as the haemoglobin concentration.

Evaluation of erythrocytic indices: The mean
corpuscular  volume (MCV), mean corpuscular
haemoglobin (MCH), mean corpuscular haemoglobin
concentration (MCHC) were obtained as described by
Campbell and Ellis (2007), as follows:

MCV = (PCV * 10)/Erythrocyte = MCV (fl)
MCH = (Hb * 10)/Erythrocyte = MCH (pg)
MCHC = (Hb * 100)/PCV = MCHC (g/L)

Histopathologic Examination: Tissues harvested were
preserved in 10% buffered neutral formalin and were
processed for histopathological examination using
standard histology technique (Luna, 1968) in the
Histopathology Laboratory of the Department of
Veterinary Pathology, Ahmadu Bello University,
Zaria. The tissues were dehydrated in ascending
grades of alcohol (70%, 80%, 90% and absolute),
cleared in xylene and embedded in paraffin wax.
Thereafter, they were blocked, sectioned at 5
thickness and stained with haematoxylin and eosin
(H&E). Slides were viewed using a light microscope
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at different magnifications (x40, x100, x200 and
x400) and the pathologies were recorded.

Data analyses: Data obtained from the study were
expressed as mean + standard error of the mean
(Mean = SEM). Values were subjected to a one-way
analysis of variance (ANOVA). Data were analysed
using GraphPad Prism 6.0 Software for Windows
(GraphPad Software, San Diego, California, USA).
Values of p < 0.05 were considered significant.

RESULTS AND DISCUSSION

The LDsy was calculated as 2.82 mg/kg. This is in the
same range as the Australian Venom and Toxin
Database (2006), where the LDsy of Echis ocellatus
was calculated to be 2.71 mg/kg by intravenous route
of administration. Following administration of the
venom of Echis ocellatus in Swiss albino rats, clinical
signs manifested were stretching, restlessness,
aggression, shivering, rough hair coats and dry
gangrene at the site of injection. The rats were all
depressed. Clinical manifestations of Echis ocellatus
were  suggestive of  pains, necrosis and
haematological crisis. EchiTAb (2008), Abubakar et
al. (2010), Yusuf et al. (2015), and WHO (2010) also
reported clinical signs of swelling, pains and dry
gangrene in humans after envenoming by Echis
ocellatus. Pains have been a constant factor in all
reported cases of viper bites, apparently due to
cytotoxic effects of cytotoxic phospholipase A,

.....

Fig. 1: Photomicrograph of heart section of rats.
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(Michael et al., 2013). L-amino acid oxidases,
hyaluronidases and phosphodiesterases have all been
implicated in pain and inflammation (Fox, 2013).
Pains and inflammation could be responsible for the
arching of the backs, depression and aggression
shown by the mice. There is therefore some
similarities in the clinical manifestation of Echis
ocellatus envenoming between humans and Swiss
albino rats. On post-mortem, the rats inoculated with
the venoms of Echis ocellatus had severe
haemoperitonium and haemothorax; the
haemorrhagic syndrome is one of the most serious
consequences of viperid snake envenomations
(Gutierrez et al., 2005). The pathogenesis of venom-
induced haemorrhage involves direct damage to
microvessels, performed by haemorrhagic toxins,
combined with a wide variety of effects that viperid
venoms exert in haemostasis (Gutierrez and
Rucavado, 2000; Gutierrez et al., 2005). Thus,
capillary disruption and hemostatic disturbances act
in harmony to provoke severe haemorrhage in viperid
snakebites, although haemorrhagic toxins by
themselves can induce bleeding in the absence of
haemostatic alterations (Gutierrez et al., 2005). Snake
venom haemorrhagic toxins are zinc-dependent
metalloproteinases which act mostly on the vascular
endothelia thus leading to leakages of intact blood
into the surrounding spaces. This is also responsible
for the generalized congestion seen on most of the
organs in Echis ocellatus envenomated rats.

A: Group experimentally envenomated with the venom of Echis ocellatus. Arrow showing necrosis, line showing congestions.
B: Control group showing a normal heart (H and E x400).

Fig. 2: Photomicrograph of kidney section of rats.
C: Group experimentally envenomated with the venom of Echis ocellatus. Arrow showing necrosis, line showing congestions.
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B: Control group showing a normal kidney (H and E x400).
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Fig. 3: Photomicrograph of liver section of rats.
E: Group experimentally envenomated with the venom of Echis ocellatus. Arrow showing necrosis, line showing congestions and double
arrow showing perivascular cuffing.
B: Control group showing a normal liver (H and E x400).

) -
Fig. 4: Photomicrograph of s

pleen section of rats.

G: Group experimentally envenomated with the venom of Echis ocellatus. Arrow showing necrosis of lymphocytes, line showing
congestions and double arrow showing presence of megakaryocytes.
H: Control group showing a normal spleen (H and E x200).

Snake venom myotoxins that specialize in rapid
necrotization of skeletal muscle fibres contribute to
prey immobilization as well as to its pre-digestion
(Lomonte and Rangel, 2012). Like skeletal muscles,
cardiac muscles are equally striated and vulnerable to
snake venom myotoxins (Munawar et al., 2014).
Cardiac pathologies expressed by snake venoms in
this study were severe cardiac haemorrhages and
necrosis. All the rats inoculated with Echis ocellatus
venom showed severe congestion and necrosis (Fig.
1). Although cardiac effects such as palpitations,
arrhythmias, and hypotension are common clinical
findings of Naja envenomations, cardiac damages are
mostly seen at autopsy (Yusuf, 2019; Munawar et al.,
2014; Yusuf et al., 2015). While the congestion can
be related to the activities of snake venom zinc
metalloproteinases (Gutierrez and Rucavado, 2000;
Gutierrez et al., 2005), the necrosis results from the
activities of cardiotoxins (Munawar et al., 2014),
cytotoxins (Jamunaa et al., 2012; Conlon et al.,
2013), and myotoxins (Angulo et al., 2008; Lomonte
and Rangel, 2012).

There is a broad spectrum of renal pathological
changes involved in snake envenomation (Indraprasit

et al., 1986). Being a highly vascularized organ, the
kidney is prone to venom toxicity (Pinho et al., 2005;
Visith, 2006). Clinical features suggestive of kidney
involvement in snake envenomations include
proteinuria, haematuria and acute renal failure (Visith
2006, Abubakar et al., 2010a; WHO, 2010). Tubular
necrosis is an important pathological counterpart of
acute renal failure (Schneemann et al., 2003;
Polianna et al., 2013; Amany et al., 2014).
Pathological changes induced by mice experimentally
inoculated with the venom of Echis ocellatus in this
study include congestion and focal areas of necrosis
of the renal tubular epithelium (Fig. 2). Wagstag et al.
(2008) attributed the haemorrhages to the activities of
snake venom metalloproteinases on the intra-tubular
capillaries. Myotoxins, cytotoxins and other non-
classified snake venom protein were reported to be
responsible for the necrosis (Koh et al., 2006; Visith,
2006; Polianna et al., 2013).

Snake venom has a wide range of biological activities
(Al-Sadoon et al., 2013). These affect a lot of body
tissues and organs including the liver (Abdel-Moneim
et al., 2010; Abdel-Moneim et al., 2013). Liver is
considered as one of the targets for cobra venom
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proteins (Abdel-Rahman et al., 2013). Hepatic injury
due to cobra envenoming was reported by Rahmy and
Hemmaid (2000). Apart from both qualitative and
quantitative changes in liver enzymes (Abdel-
Rahman et al., 2013; Amany et al., 2014), there is
paucity of information on hepatic damage induced by
Echis ocellatus venom. In this study, rats inoculated
with the wvenoms of Echis ocellatus showed
histopathological lesions of congestion, necrosis of
the hepatocytes, and perivascular cuffing (Fig. 3).
Haemorrhages of vital body organs is attributed to the
activities of  haemorrhagins such as  zinc
metalloproteinases, L-amino acid oxidases and other
toxic venom proteins (Gutierrez and Rucavado, 2000;
Koh et al., 2006; Amany et al., 2014), while the
necrosis can be attributed to cytotoxins present in
Echis ocellatus venom (Koh et al., 2006; Jamunaa et
al., 2012; Munawar et al., 2014).

Table 1: Erythrocytic indices of the envenomated and control

groups
Indices Test Group Control
Packed cells volume (%0) 26 +0.7723 44 +0.5213
Haemoglobin (g/dl) 8.67 £0.4217 14.23+0.3871
Erythrocytes (X 10%/L) +0.5617 9.0 +0.3938
Total protein (g/dl) 3.2+1.1623 8.6 +0.2928
Mean corpuscular volume 69.565 48.889
(f
Mean corpuscular  21.675 15.556
haemoglobin (pg)
Mean corpuscular  33.346 31.818
haemoglobin concentration
@/
Table 2: Leukocytic indices of the envenomated and control
groups
Indices Test Group Control
Leukocytes (X 10%1)  12.0+0.5429  12.12 +0.2419
Neutrophils (%) 9.0£1.2937 14.96 + 0. 4527
Lymphocytes (%) 56+0.1923 67.24 £ 0.6123
Monocytes (%) 0.0+0.00 1.6+0.2844
Eosinophils (%) 0.0£0.00 1.2 £0.5331
Basophils (%) 0.0+0.00 0.0+0.00
Band cells (%) 0.0+0.00 0.0+0.00

After inoculation with the venom of Echis ocellatus,
the spleen which is a secondary lymphoid organ
showed histopathological signs of  necrotic
lymphocytes resulting from the activities of these
cells in fighting invading toxins (Fig. 4). Circulating
immature thrombocytes (megakaryocytes) seen were
probably due to bone marrow response as a result of
massive destruction of circulating platelets and
subsequent in coagulation of the blood, and severe
congestion associated with decreased blood pressure
and, thus decreased venous return to the heart leading
to accumulation of blood in body organs (Fig. 4).

Haematological manifestation of snake
envenomations has significant importance in the
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diagnosis and treatment of Echis ocellatus
envenomation (Theakston et al., 2003a; Gutierrez et
al., 2005; Abubakar et al., 2010c; Warrell 2010;
Habib, 2013; Yusuf et al., 2015). Anaemia is a
common feature of Echis ocellatus envenomation
(Warrell, 1983; Furtado et al., 2003; Lee, 2009;
Gutierrez et al., 2005; Koh et al., 2006). In this study,
anaemia was observed for the Echis ocellatus group
(Table 1). The group inoculated with the venom of
Echis ocellatus had severe anaemia, spherocytosis,
anisocytosis, poikilocytosis, polychromatia, slight
leukopenia, neutrophilia, monocytopenia,
lymphopenia and low RBC count (Table 1 and Table
2), thereby agreeing with earlier reports of
haemotoxicity by viper venom (Koh et al., 2006,
Theakston et al., 2003Db).

Conclusion: The median lethal dose (LDsp) of the
venom of Echis ocellatus used in this study was 2.82
mg/kg by intraperitoneal route of administration. On
experimental envenomation with Echis ocellatus
venom, clinical signs of stretching, restlessness,
aggression, shivering, rough hair coats and dry
gangrene at the site of injection were observed. On
post-mortem,  severe  haemopericardium  and
haemothorax were observed. Echis ocellatus venom
caused congestion and myocardial necrosis in the
hearts of experimentally envenomated rats. The
venom caused congestion and focal areas of necrosis
of the renal tubular epithelium in the kidney. In the
liver, Echis ocellatus venom caused necrosis of
hepatocytes and perivascular cuffing, with congested
sinusoidal spaces. The spleen showed signs of
congestion, necrosis of lymphocytes and presence of
megakaryocytes. The blood picture indicated anaemia
and a decrease in the population of circulating
erythrocytes. There was no significant effect on the
leukocytic series except for slight leukopenia
resulting from lymphopenia and neutrophilia.
Anisocytosis, poikilocytosis and polychromacia were
also observed on the stained slides.

REFERENCES

Abdel-Moneim, AE; Dkhil, MA; Al-Quraishy, S.
(2010). The redox status in rats treated with
flaxseed oil and lead-induced hepatotoxicity.
Biological Trace Element Research, 143 (1),
457-467.

Abdel, Moneim; AE; Othman, MS; Mohmoud, SM;
El-Deib, KM. (2013). Pomegranate peel
attenuates aluminium-induced hepatorenal
toxicity. Toxicology Mechanisms Methods, 23(8):
624-633.

YUSUF, P. O; ADA, G; NUHU, D. B; DAHIRU, S; AMEH, P. M; MAMMAN, M; KAWU, M. U; BISALLAH, M;
ENAM, S. J.



Toxicopathological Effects of the Venom of Echis ocellatus on Experimentally Envenomated. ..

Abubakar, IS; Abubakar, SB; Habib, AG; Nasidi, A;
Durfa, N; Yusuf, PO; Larnyang, S; Garnvwa, J;
Sokomba, E; Salako, L; Theakston, RDG;
Juszczak, E; Alder, N; Warrell, DA. (2010a).
Randomised Controlled Double-Blind Non-
Inferiority Trial of Two Antivenoms for Saw-
Scaled or Carpet Viper (Echis ocellatus)
Envenoming in Nigeria. PLoS Neglected Tropical
Diseases 4(7): €767 (1 — 10).

Abubakar, SB; Abubakar, 1S; Habib, AG; Nasidi, A;
Durfa, N; Yusuf, PO; Larnyang, S; Garnvwa, J;
Sokomba, E; Salako, L; Laing, G.D; Theakston,
RDG; Juszczak, E; Alder, N. and Warrell, DA.
(2010c). Pre-clinical and preliminary dose-finding
and safety studies to identify candidate
antivenoms for the treatment of envenoming by
saw-scaled or carpet vipers (Echis ocellatus) in
northern Nigeria. Toxicon 55: 719-723.

Al-Sadoon, MK; Abdel-Moneim, AE; Diab, MM. and
Baoumi, AA. (2013). Hepatic and renal tissue
damages induced by Cerastes cerastes gasperetti
crude venom. Life Science Journal. 10: 191 — 197.

Amany, AT; Aly, FM; Ahmed, EAM; Marwa, SMD
(2014). Biological effects of Naja haje crude
venom on the hepatic and renal tissues of mice.
Journal of King Saud University — Science 26:
205-212

Ameh, M.P; Mamman, M; Magaji, MG; Yusuf, PO;
Ada, G; Akefe, 10. and Ugwoke, PE. (2019). An
overview of the venomous snakes in West Africa,
clinical manifestation, diagnosis and treatment.
Journal of Medicine and Biology, 1(1): 11-26.

Angulo, Y; Escolano, J; Lomonte, B; Gutierrez, JM;
Sanz, L; Calvete, JJ. (2008). Snake venomics of
Central American pitvipers: clues for rationalizing
the distinct envenomation profiles of Atropoides
nummifer and Atropoides picadoi. Journal of
Proteome Research.;7(2):708-19.

Anlén, KG. (2008). Effects of bites by the European
adder (Vipera berus) in seven Swedish horses.
Veterinary Records 162:652-656.

Benjamin, MM. (1978). Outline of Veterinary
Clinical Pathology. The lowa State University
Press.

Bruce, RD. (1987) A confirmatory study of the up-
and-down method for acute toxicity testing.
Fundamentals of Applied. Toxicology. 8, 97-100.

4363

Campbell, TW. and Ellis, CK. (2007). Haematology
of birds. In: Campbell, T. W. and Ellis, C. K.
(Eds). Avian and Exotic Animal Haematology and
Cytology (third edition). Blackwell publishing
professional, Ames (LA), USA, pp 3 —50.

Conlon, JM; Attoub, S; Arafat, H; Mechkarska, M;
Casewell, NR; Harrison, RA. and Calvete, JJ.
(2013). Cytotoxic activities of
[Ser49]phospholipase A2 from the venom of the
saw-scaled vipers Echis ocellatus, Echis
pyramidum leakeyi, Echis carinatus sochureki,
and Echis coloratus. Toxicon.71: 96 — 104

Depass, LR; (1989). Alternative approaches in
median lethality (LDso) and acute toxicity testing.
Toxicology Letters, 49 159-170

Dong, LV; Quyen, L.K., Eng, KH. and
Gopalakrishnakone, P. (2003). Immunogenicity of
venoms from four common snakes in the South of
Vietnam and development of ELISA kit for
venom detection. Journal of Immunological
Methods 282(1-2): 13-31.

Drabkin, DR. (1945). Crystallographic and optical
properties of human haemoglobin. A proposal for
standardization of haemoglobin. American
Journal of Medicine and Surgery, 209, 268-270.

Dykgraaf , S; Pusterla, N; Hoogmoed, L M. (2006).
Rattlesnake envenomation in 12 New World
camelids. Journal of Veterinary Internal
Medicine. 20:998-1002.

EchiTAb (2008). Annual
Antivenom Treatment Center, EchiTAb Anti-
Snake Study Group UK/Nigeria, General
Hospital, Kaltungo. Gombe State. Nigeria.

Medical Records of

Fox, JW. (2013). A brief review of the scientific
history of several lesser-known snake venom
proteins: L-amino acid oxidases, hyaluronidases
and phosphodiesterases. Toxicon 62: 75-82.

Furtado, MFD; Santos, MC. and Kamiguti, AS.
(2003). Age-related biological activity of South
American rattle snake (Crotalus durissus
terrificus) venom. Journal of Venomous Animals
and Toxins Including Tropical Diseases. 9 (2):
1678 —9199.

Goddard, A; Schoeman, JP; Leisewitz, AL; Nagel,
SS; and Aroch, 1.(2011). Clinicopathologic
abnormalities associated with snake envenomation

YUSUF, P. O; ADA, G; NUHU, D. B; DAHIRU, S; AMEH, P. M; MAMMAN, M; KAWU, M. U; BISALLAH, M;
ENAM, S. J.



Toxicopathological Effects of the Venom of Echis ocellatus on Experimentally Envenomated. ..

in domestic animals. Journal of South African
Veterinary Association 82:7-13.

Gutie'rrez, JM and Rucavado, A (2000). Snake
venom metalloproteinases: Their role in the
pathogenesis of local tissue damage. Biochimie
82: 841-850.

Gutie'rrez, JM; Rucavado, A; Escalante, T, and
Dr1’az,. C. (2005). Hemorrhage induced by snake
venom metalloproteinases: biochemical and
biophysical mechanisms involved in microvessel
damage. Toxicon 45: 997-1011.

Habib, AG. (2013). Public health aspects of snakebite
care in West Africa: perspectives from Nigeria.
Journal of Venomous Animals and Toxins
Including Tropical Diseases. 19(27): 1 - 7.

Habib, AG; Abubakar, SB; Abubakar,|S; Larnyang,
S; Durfa, N; Nasidi, A; Yusuf, PO; Garnvwa, J;
Theakston, RDG; Salako, L. and Warrell, DA.
(2008). Envenoming after carpet viper (Echis
ocellatus) Bite During pregnancy: Timely use of
effective anti venom improves maternal and foetal
outcomes. Journal of Tropical Medicine and
International Health. 13 (9), 1-4.

Indraprasit, S; Boonpucknavig, V. (1986). Acute
interstitial nephritis after a Russell’s viper snake
bite. Clinical Nephrology 15: 111.

Jamunaa, A; Vejayan, J; Halijah, I; Sharifah, SH, and
Ambu, S. (2012). Cytotoxicity of Southeast Asian
snake venoms. Journal of Venomous Animals and
Toxins Including Tropical Diseases. 18(2): 150 —
156.

Kini, RM., and Doley, R. (2010). S tructure, function
and evolution of three-finger toxins: mini proteins
with multiple targets. Toxicon 56, 855-867.

Koh, DC.I; Armugam, A. and Jeyaseelan, K. (2006).
Review: Snake venom components and their
applications in biomedicine. Cellular and
Molecular Life Sciences. 63: 3030 — 3041.

Kwiecien, M; Samolinska, W; and Bujanowicz-
Haras, B. (2015). Effects of iron-glycine chelate
on growth, carcass characteristics, liver minerals
concentrations, haematological and biochemical
blood parameters in broilers. Journal of Animal
Physiology and Animal Nutrition. 99: 1184 -
1196.

4364

Lee, M. (2009). Pharmacodynamics of snake venoms
and  envenomation. In:  Snakebites and
Envenomation. http://natural history of snakes
(Accessed 25/03/2009).

Lomonte, B. and Rangel, J. (2012). Snake venom
Lys49 myotoxins: From phospholipases A2 to
non-enzymatic membrane disruptors. Toxicon 60:
520-530

Luna, LG. (1968). Manual of Histologic Staining
Method of the Armed Forces Institute of Patology
(3rd ed.). McGraw Hill Book Company, USA, Pp.
12-21.

Mackessy, SP. (2009). Handbook of Venoms and
Toxins of Reptiles. CRC Press/Taylor and Francis
Group, Boca Raton, FL.

Michael, J; Attoub, CS; Arafat, H; Mechkarska, M;
Casewell, NR; Harrison, RA and Calvete, JJ.
(2013). Cytotoxic activities of
[Ser49]phospholipase A2 from the venom of the
saw-scaled vipers Echis ocellatus, Echis
pyramidum leakeyi, Echis carinatus sochureki,
and Echis coloratus. Toxicon 71, 96-104.

Munawar, AM; Trusch, D; Georgieva, D; Hildebrand,
M; Kwiatkowski, H; Behnken, S; Harder, R; Arni,
P; Spencer, HS and Betzel, C. (2014). Elapid
Snhake Venom analyses Show the Specificity of
the Peptide Composition at the Level of Genera
Naja and Notechis. Toxins 6: 850-868.

Natt, MP; and Herrick, CA. (1952). A new blood
diluent for counting erythrocytes and leukocytes
of the chicken. Poultry Science, 31, 735-738.

Pinho, FM; Zanetta, DM; and Burdmann, EA. (2005).
Acute renal failure after Crotalus durissus
snakebite: a prospective survey on 100 patients.
Kidney International 67:659-670.

Polianna, LMM A; Camilla, NJ; Geraldo, BSJ;
Juliana, BL; Maria, do Socorro BV and Elizabeth,
FD. (2013). Acute kidney injury caused by
crotalus and bothrops snake venom: a review of
epidemiology, clinical manifestations and
treatment. Reviews du Instituto Medica Tropica
Sao Paulo 55(5):295-301

Rehman, H; Abbas, S; and Lohahet, N. (2003).
Laboratory Manual of Physiology, vol. 1, Society
of Veterinary Physiology, Lahore, Pakistan. Pp
526.

YUSUF, P. O; ADA, G; NUHU, D. B; DAHIRU, S; AMEH, P. M; MAMMAN, M; KAWU, M. U; BISALLAH, M;
ENAM, S. J.


http://natural/

Toxicopathological Effects of the Venom of Echis ocellatus on Experimentally Envenomated. ..

Schneemann, M; Cathomas, R; Laidlaw, ST; El
nahas, AM; Theakston, RDG. and Warrell DA.
(2003). Life-threatening envenoming by the
Saharan horned viper (Cerastes cerastes) causing
micro-angiopathic haemolysis, coagulopathy and
acute renal failure: clinical cases and review.
Queensland Journal of Medicine 97:717-727

Theakston, RDG; Warrell, DA; and Griffith, E
(2003a). Report of a WHO workshop on the
standardization and control of antivenoms.
National institute for biological standard and
control, potter’s Bar, London.

Theakston, RDG; Laing, GD; Freire-Lascano, A;
Touzet, JM; Vallejo, F; Guderian, RH; Neison, SJ;
Wilster, W; Richards, AM; Rumbea, GJ. and
Warrell, DA. (2003b). Treatment of snake bites by
Bothrops species and Lachesis mula in Ecuador:
Laboratory screening of candidates antivenoms.
Transactions of the Royal Society on Tropical
Medicine and Hygiene. 89: 550-554.

Visith, S (2006). Snakebite nephropathy. Nephrology
11 (5): 442-448.

Wagstaff, SC; Favreau, P; Cheneval, O; Laing, GD;
Wilkinson, MC; Miller, RL; Stocklin, R; and
Harrison, RA. (2008). Molecular characterisation
of endogenous snake venom metalloproteinase
inhibitors. Biochemical and Biophysical Research
Communications 365: 650656

4365

Warrell, DA (1983). Injuries, Envenoming, Poisoning
and Allergy Reactions Caused By Animals. In:
Weatherall D.J., Ledingham J.9.G., Warrell D.A.
(ds), Oxford Textbook of Medicine. Oxford
University Press, Oxford, 635 — 647.

Warrell, DA. (2010). Snakebite. Seminar. Lancet
375, 1.

WHO (2010). Guidelines for the prevention and
clinical management of snakebites in Africa.
World Health Organization regional office for
Africa. Brazzaville. WHO/AFR/EDM/EDP/10.01

Willey, JR; Schaer, M. (2005). Eastern diamondback
rattlesnake (Crotalus adamanteus) envenomation
of dogs: 31 cases (1982-2002). Journal of
America Animal Hospital Association 41:22-33.

Yusuf, PO; Mamman, M; Ajagun, E; Suleiman, MM;
Kawu, MU; Shittu, M; lIsa, HI; Tauheed, M;
Yusuf, A. (2015). Snakes Responsible for Bites in
North-Eastern Nigeria — a Hospital Based Survey.
IOSR Journal of Environmental Science,
Toxicology and Food Hygiene 2319 — 2399. 9
(9): 118 -121.

Yusuf, P O; Ameh, MP; Ada, G; and Oyetunde, JS.
(2019). Echis Ocellatus Envenomation and its
Management in a 3-Year—Old Indigenous Dog.
Vom Journal of Veterinary Science. 14, (1) 81 -
86

YUSUF, P. O; ADA, G; NUHU, D. B; DAHIRU, S; AMEH, P. M; MAMMAN, M; KAWU, M. U; BISALLAH, M;
ENAM, S. J.


http://www.medicine.wisc.edu/~williams/snake_bite_2010.pdf

