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ABSTRACT

Poverty is the major restraint of people to modern medicine in the developing world. This brought
about therapeutic usage of medicinal plants which can be traced back to history as different cultures
utilize plants and plant products from ancient time for preventing and treating of diseases. These People
in the developing countries or rural areas solely depend on traditional medicine for their primary health
care, in which they majorly use plants or their active principles. Upsurge resistance of avian viruses to
commercial drugs is both developed and developing countries problem which imposed a search for new
avian antiviral substances from other sources like medicinal plants. This led to the discovery of Cucumis
metuliferus E. Mey. ex Naudin fruit which has been verified by local farmers and scientific researchers
to cure various diseases and conditions including avian viruses like Newcastle Disease Virus (NDV),
Infectious Bursal Disease Virus (IBDV), avian influenza and Hepatitis B Virus. This review is aimed at
revealing the avian virus diseases that are treated with the Cucumis metuliferus E. Mey. ex Naudin, fruit
and phytochemical constituents responsible for this antiviral activities.
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1. INTRODUCTION

The use of plants for various purposes have started since ancient times (Lawrence and
Bennett, 1995) and the study of medicinal herbs are increasing by pharmacological researchers
(Sinclair, 1998). Not until recently, more attention of people were drawn to these practices all
over the globe. About 700 medicinal plants have been used for herbs in India as early as 1900
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BC (Aggarwal et al., 2007). Herbal medicine was also essential from early days in Africa, Asia
and Europe.

According to the World Health Organization (WHO), above 80% of the world’s
population count on herbal medicine for their main healthcare, majority use plants or their
active ingredients (Gupta et al., 2005). All over the world, people intensely believe in the use
of plants for many things, like food, forage for their animals, herbal medicine, shade and fire,
etc. For example, the tribal people of Panama still rely solely on therapeutic powers of plants,
due to the difficulty in getting modern healthcare for their day-to-day problems, even though
the western medicine has been present in the region since the seventies (Gupta et al., 2005);
Zulu medicinal plants are traded and used all over South Africa (Lin et al., 1999).

Many plants are used in Africa for the treatment of different diseases of man and animals,
such as coccidiosis (Usman et al., 2014), diarrhoea (Sodipo et al., 2005), tuberculosis (Ofukwu
et al., 2008), skin diseases (Harsha et al., 2003), hyperlipidemia (La Cour et al., 1995),
salmonellosis (Geidam et al., 2007), fever (Devi et al., 2003), dysentery (Hernandez et al.,
2003), and others which are typical diseases of a tropical country (Silva and Fernandes Jr.,
2010). Reports of various plants used in the treatment of diseases have been documented in
Nigeria (Alawa et al., 2008), Togo (Beloin et al., 2005), South Africa (Rabe and van Staden,
1997; Lin et al., 1999), Uganda (Hamill et al., 2003), Kenya (Fabry et al., 1998; Matu and van
Staden, 2003), Ethiopia (Gedif and Hahn, 2003), India (Harsha et al., 2003; Nandagopalan et
al., 2011), Belize (Camporese et al., 2003), Turkey (Yesilada et al., 1995), Columbia (Ritch-
Krcetal., 1996), Panama (Gupta et al., 2005), Italy (Guarrera, et al., 2005), Mexico (Hernandez
et al., 2003), Australia (Semple et al., 1998).

Increased attention on ethnoveterinary medicine (EVM) is justified because it is
accessible, easy to prepare and administer at little or no cost at all (Jabbar et al., 2005). These
practices may be the only option in areas where conventional services are economically
unavailable or cannot be effectively reached (Mathias and McCorkle, 2004). Many EVM
practices do work and make sound veterinary sense (Schillhorn van Veen, 1996). Herbal
medicines are known to be broad spectrum and therefore may be a future answer to pathogen
resistance to conventional drugs (Mwale et al., 2005). These have necessitated a search for new
antiviral substances from other sources including plants (Erdogrul, 2002). The use of plant
resources mainly for herbal medicine, food, forage, etc. in Nigeria represents a long history of
human interaction with the environment and their in vitro and in vivo properties to microbial
pathogens have been widely reported (Hashish and Gomaa, 2003; Iwalokun et al., 2004). These
herbs have many potential clinical and therapeutic applications in the modern medical setting,
as numerous studies have revealed that they contain bioactive components, which have resulted
in a better understanding of their physiological, therapeutic and clinical actions (Merken et al.,
2001; Zheng and Wang, 2001; Mikotaj Kostryco, et al., 2017).

Cucumis metuliferus plant belongs to the family of Cucurbitaceae, and is a monoecuous,
climbing annual herb, with staminate flowers typically appearing several days before pistillate
flowers. The fruit is bright yellow-orange in colour when mature, consisting of greenish juicy
bland tasting tissues (Sulaiman et al. 2011; Benzioni et al. 1993). The widely use of the plant
as food and for medicinal purposes have been documented (Jimam et al. 2011; Roodt 1998).
The fruit of the non-bitter variety of C. metuliferus has been found to be less toxic and cultivated
on large scale for consumption by the local populace (Benzioni et al. 1993). The fruit of the
plant was also used during the bird flu (avian influenza) outbreak by some local farmers in
Plateau State, Nigeria, with some level of success and the antiviral properties of the ethanolic
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fruit extract had been reported on Newcastle Disease Virus (NDV-K and NDV-I) (Wannang et
al. 2010).

In this review, a survey on current experiment on Phytochemial constituents and
therapeutic effects of Cucumis metuliferus on avian viruses will be discussed.

1. 1. The Plant Description and Distribution

Cucumis metuliferus belongs to the family Cucurbitaceae. It is commonly referred to as
African horned cucumber, jelly melon. Cucumis metuliferus is an annual climbing or rarely
trailing herb; vegetative parts are rough with spreading hairs. Stems are up to 3 m long, radiating
from a woody rootstock. The leaves are broadly ovate cordate in outline, up to 90 x 100 mm,
unlobed or usually palmate 3-5-lobed, margins minutely toothed; leaf stalks (petioles) up to
100 mm long. Both male and female flowers appear on the same plant (monoecious). Male
flowers are solitary or up to 4 in sessile or short-stalked groups, greenish to light yellow, the
corolla is 5-10 mm long. Female flowers are solitary on 20-60 mm long stalks; the ovary is up
to 20 mm long, pale green with numerous minute, dark green, fleshy spines, the corolla is
yellow, 8-15 mm long.

The fruit is trigonous (triangular in shape), 60-150 mm long, 30—60 mm across when
ripe, the scattered spines are rather stout, fleshy, 10 x 2-5 mm, broad-based, deep green-grey,
ripening yellow to orange-red with obscure longitudinal stripes of small pale markings and
rather softly fleshy. Seeds are ellipsoid, flattened, 6-9 mm long, numerous, embedded in a light
green or emerald-green, jelly-like flesh (Burkill, 1985). Cucumis metuliferus grows naturally in
tropical Africa south of the Sahara down to Senegal, Nigeria, Namibia, Botswana, South Africa
and Swaziland. In Nigeria, it is found in Jos, Plateau State. In South Africa it is found in
Limpopo, Mpumalanga and KwaZulu-Natal.

It has also been recorded in Yemen and is occasionally cultivated in South Africa and
elsewhere. This specie usually grows in shallow or deep, well-drained sand, mostly in alluvial
soil on river banks, in river beds or flood plains; it is also recorded from clay or loam soil and
rocky slopes. It climbs on trees, shrubs or grass in various vegetation types such as forest edges
(often riverine), ellipsoid-cylindrical, obscurely semi evergreen forest, deciduous woodland
(often with Acacia), savanna or grassland. The jelly melon also grows in disturbed areas and
abandoned land (Burkill, 1985).

1. 2. Various Species of Cucumis

Cucumis is a genus of vines in the gourd family, Cucurbitaceae. It includes many
important food plants, such as cucumber, muskmelon, and kiwano melon. Cucumis sativus, or
the cucumber, and Cucumis melo, or muskmelon, are both widely cultivated. The muskmelon,
or true melon, has many varieties, including cantaloupe and honeydew (Burkill, 1985). C.
sativus, the cucumber, originated in India, and is now cultivated throughout the world. Many
different varieties have also been developed. The cylindrical fruit, mix in cuisine as a vegetable,
is eaten when green. The fruit becomes yellow when it is ripe, but the mature fruit is considered
too sour and bitter. Cucumber is usually eaten raw or pickled, and certain varieties are intended
for food or medicinal use (Burkill, 1985).

C. melo, the melon or muskmelon, is native to Persia and the surrounding areas, and like
C. sativus, is now widely cultivated. Varieties of C. melo can be divided into smooth skinned
and netted melons. In addition to their fruit, melons may be grown for their scent, seeds and oil,
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or their skin, which can be dried and used as a substitute for leather. C. melo varieties vary
greatly in both colour and flavour (Burkill, 1985). An interesting Cucumis species is C.
metuliferus, the kiwano or horned melon. Native to Africa, C. metuliferus is also grown in
Australia, New Zealand, Chile, and California. The fruit is bright orange when ripe and covered
in sharp spikes, with a bright green, gelatinous flesh. Its taste has been compared to a
combination of cucumber and banana. It is often eaten raw, as a snack, but may also be used in
cooking (Burkill, 1985). C. anguria, or the West Indian gherkin, is another Cucumis species
with a spiked fruit. It is native to Africa, but popular in Brazil, where it is used in a meat stew.

The flavour of C. anguria is similar to that of the cucumber (Burkill, 1985).
C. humifructus, Southern African specie, is commonly called Aardvark cucumber or Aardvark
pumpkin, because it is the only fruit eaten by the Aardvark. It is also the only Cucumis species
with a fruit that grows underground. Another southern African species with a spiked fruit, C.
myriocarpus or paddy melon, has become a weed in California and Australia. Unlike many
Cucumis species, C. myriocarpus is toxic. It can kill livestock and has historically been used by
humans as an emetic, to induce vomiting. (Burkill, 1985).

2. PHYTOCHEMICAL CONSTITUENTS OF CUCUMIS METULIFERUS

The plant C. metuliferus has several groups of secondary metabolites which account for
its use as food or in the treatment of various ailments. The phytochemicals present in the fruit
of C. metuliferus revealed the presence of useful secondary metabolites such as alkaloids,
carbohydrates, cardiac glycosides, flavonoids, saponins, tannins, steroids and terpenoids
(Jimam et al., 2011; Gotep, 2011; Usman et al., 2014b).

3. THERAPEUTIC EFFECTS ON VARIOUS AVIAN VIRUSES

Today, the discovery of effective natural products and alternative medicines which are
able to detoxify environmental toxicants is an important scientific issue that is popular amongst
people concerned about potential adverse effects of conventional medicines Cucumis
metuliferus is one of those plants that were seriously investigated over several years and used
as a prophylactic as well as a therapeutic medicinal plant. Its therapeutic effects on some avian
viruses are discussed.

3. 1. Newcastle disease virus (NDV)

The poultry industry is one of the biggest and rapidly growing industries worldwide. The
production of poultry meat has been rising continuously at the rate of 4% annually (Khalifa et
al., 2013). Newcastle disease (ND) is an economically important health problem in poultry
industry all around the world.

Newcastle disease virus (NDV) belongs to Paramyxovirus type 1 (APMV-1) which is an
RNA virus from the genus Avulavirus of the family Paramyxoviridae (Mayo, 2002). NDV is
grouped as either lentogenic, mesogenic and velogenic pathotypes based on clinical signs,
virulence and mortality of infected birds (Orsi et al., 2009). ND deteriorates the quality of eggs,
decreases the performance of birds and impairs growth (Yan et al., 2011).
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Lentogenic strains of NDV can produce mild respiratory infection, whereas mesogenic
strains can cause low mortality and neural signs and velogenic strains can result in severe
mortality.

Velogenic strains may be either neurotropic velogenic NDV (NVNDV) or viscerotropic
velogenic NDV (VVNDV) (Huang et al., 2004; Piacenti et al., 2006).

The only commercial control measure so far is vaccination, which does not always confer
100% immunity in birds. Vaccine breaks and failures are also a major problem. It has also been
reported that vaccination itself may cause disease and reduced growth in vaccinated birds.
Moreover outbreaks have been reported in vaccinated populations. Thus, there is a need to
search for complementary measures. Medicinal plants have the ability to be active in preventing
a variety of infectious and non-infectious diseases. One estimate revealed that 25% of all
commonly used medicines have been isolated from plants (Perera and Efferth, 2012).

Currently, there are only a few drugs available for the cure of viral diseases, including
acyclovir. In order to combat viruses, research efforts have been devoted to the discovery of
new antiviral natural products (Mbanga et al., 2010; Perera and Efferth, 2012). Investigations
show that local farmers in the study area claim to use Cucumis metuliferus fruits to treat their
birds for various diseases, including Newcastle disease, by immersing the whole fruits in
drinking water of birds.

Amagon et al., 2012, studied the antiviral activities of Cucumis metuliferus fruits by
determining the inhibitory activities of the virus-induced cytotoxicity of appropriate host cells.
The result of this study showed a temperature and time-dependent activities of the alkaloid
extract of C. metuliferus fruit. There was an increased protective activity of the alkaloid on the
embryonated eggs against attacked by the virus with increasing temperature, and that was why
the number of deaths from 4 at +4 °C was reduced to 2 at 37 °C on the 48th hours of the study.
This result was similar to those some studies on the antiviral activities of some plant extracts
on NDV at various temperatures (Chollom et al., 2016b; Sulaiman et al., 2011).

HA test is used for definitive detection of viral antibody (Enzo, 2006) and the test is based
on the principle of adsorbing out the cross-reacting antibodies to NDV-L antigen. Studies have
shown that negative HA response observed with the higher dose of the extract means that there
was no viral replication in the embryonated eggs, suggesting the absence of antibodies
production in response to the viral antigen and hence antiviral activity of the extract; whereas
positive HA response imply the presence of antibodies production in response to antigen as is
seen with the control, where viral replication was not inhibited (Noel, 2009). This result
confirmed the safety and widely use of the plant in animals and human (Noel, 2009) hence need
for further work on the extract to ascertain the type of the alkaloids responsible for activities
and the mechanism of action.

Furthermore, Newcastle disease is a haemorrhagic disease of birds that has a predilection
for the respiratory, digestive and nervous systems, causing moderate to several deaths in
susceptible flock. Nervous signs include twisted necks and paralysis while digestive symptoms
include watery-greenish diarrhea. In this study, the extract of Cucumis metuliferus fruits
suppressed these clinical signs of viral infection in chicks. Histopathological lesions of the
proventriculus and ventriculus with associated necrotic haemorhages of the caecum are
common in Newcastle disease. This is evident in the destruction of the adenomere and severe
cellular infiltration of the proventriculus. Similarly, there is often hyperkeratinization of the
ventriculus and the caecum is seen to have severe mononuclear infiltration especially into the
lamina propia (Figure 1).
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Figure 1. Ceca of animal administered the virus (Severe mononuclear infiltration into the
lamina propria). Reference: (Noel et al., 2010)

Figure 2. Ceca of animal administered with Cucumis metuliferus fruit extract
(No visible lesion). Reference: (Noel et al., 2010)
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The result of this study showed that the extract reversed the haemorrhagic lesions
induced by Newcastle disease virus (Figure 2). The results provided scientific support for the
use of Cucumis metuliferus fruit for the management of virus associated illness.

3. 2. Infectious bursal disease virus (IBDV)

Infectious bursal disease virus (IBDV) is a viral disease that affects young birds of
between two to six weeks of age with highly active bursa of fabricius (Muhammed, 1996).
Human immunodeficiency virus (HIV), Newcastle disease virus (NDV) and infectious bursal
disease virus (IBDV) have been shown to be similar as well as having similar pathways of entry
and replication in host cells, as they all belong to the class of retroviruses (Panda, 2003; Murcia
et al., 2009). The increase public interest in the use of alternative medicine as source of
medication in human and veterinary medicine has led to good levels of interest and acceptance
among health professionals (Carol et al., 2016; Debbiea et al., 2012; Peregoy et al., 2014).
Alternative antiviral obtained from plants have been documented traditionally and scientifically
to have protective activities against viruses (Verma and Singh, 2008; Abonyi et al., 2009;
Chollom et al., 2012a; Chollom et al., 2012b), (Figure 3).

The cytotoxic and growth inhibitory effects of many plant extract have been investigated
using different approaches to testing the antiviral activities of new products including herbs;
(Suchman and Blair, 2007; Ayinde and Agbakwuru, 2010) with the ultimate purpose of
determining the inhibition of the virus-induced cytotoxicity of appropriate host cells (McCoy
and Wang, 2005).

The non-cytopathic effects of the alkaloids of Cucumis metuliferus fruits on the egg
fibroblast observed was in accordance to previously established safety margin of the oral dose
of 5000 mg/kg of the crude extract in laboratory animals (Cardoso et al., 2000). The safety and
widely used of the fruit of this plant for its antiviral activities have been documented (Wannang
et al., 2010). The toxicity result of this study was similar to toxicity study of the flavonoids
extract of the plant’s fruits conducted by Amagon et al., 2012, and Wannang et al., 2008, and
also reports on other herbs using embryonated eggs (Amagon et al., 2012). Absence of
cytopathic effect on the fibroblast cell of the eggs when exposed to the virus and the alkaloids
was an indication of the activity of the alkaloids at these doses against the known structural
changes that occur in host cells due to viral invasion. It is a known fact that when virus invades
host cells, the infecting virus either impacts cytopathic effects by lysis of the host cells or killing
the cell without lysis through inhibiting its reproductive activities (Wafaa et al., 2007).

The cytotoxic and growth inhibitory effects of many plant extracts have been investigated
using different approaches to testing the antiviral activities of new products, including herbs
(Suchman and Blair, 2007; Ayinde and Agbakwuru, 2010), with the ultimate purpose of
determining the inhibition of the virus-induced cytotoxicity of appropriate host cells (McCoy
and Wang, 2005).

The alkaloids of C. metuliferus were able to inhibit the replication of IBDV and hence its
damaging effects on the chicken embryo fibroblast cells at higher concentration, while at lower
concentration, the effect of the extract does not inhibit the growth of the virus, thereby
increasing its damaging effects on the chicken embryo cells. In cases where no CPE was
evident, the virus was assumed to be completely inactivated or inhibited (Wannang et al., 2008).
The result of the study showed that the alkaloids extracted from C. metuliferus fruit have some
good margin of safety and antiviral activities on IBDV compared to the control.
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Figure 3. Chicken embryo fibroblast (CEF) cell line showing CPE caused by IBD Virus.
Reference; (Hari Mohan Saxena and Pushpinder Kaur, 2020)

3. 3. Hepatitis B Virus (HBV)

Hepatitis can be described as a diffuse inflammatory disease of the liver which may be
associated with hepatocellular necrosis affecting the acini, and are caused by different types of
viruses including hepatitis B virus. This virus has surface antigens that are labeled HBsAg,
HBcAg, and HBeAg (Bosch and Abaldes, 2005). Replication of HBV has been shown to be
sorely in the liver, perhaps other extra-hepatic replication sites also exist (Friedman and Keefe,
2004).

Studies have shown that treatment of liver disease using orthodox approach has been so
difficult, and herbal preparations have been useful for the treatment of liver disorders
(Somasundaram et al., 2010). The need for the development of an efficient hepatoprotective
drug from the natural resource is therefore a necessity (Tandon et al., 2008). The use of herbs
as antiviral agents have been documented scientifically (Abonyi et al., 2009). These authors
further stated that alkaloids isolated from these plants have been proven to have antiviral
properties. Though, the antiviral properties of the ethanolic crude extract of C. metuliferus fruit
have been reported (Noel et al., 2009), not much have been documented on the activities of the
alkaloidal content of the plant on hepatitis B virus.

The results on the effect of the alkaloids of C. metuliferus fruit on the biochemical
parameters of hepatitis B virus-induced liver damage showed significant dependent decrease in
the levels of alkaline phosphatase (ALP) and alanine aminotransferase (ALT). Previous studies
have shown that changes in serum enzymes concentration may be a signal of hepatic
pathological process (Benjamin, 1978).
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It has been reported that both ALT and AST are located in the cytoplasm and
mitochondria of liver cells, and also in cells of the heart, skeletal muscles, kidney and brain
(Wannang et al., 2007). These authors further stated that the activities of ALT outside the liver
are low and hence this is considered more specific for hepatocellular damage. ALP has been
reported to be widely distributed in the body with significant activities in the liver,
gastrointestinal tract, bone marrow and placenta (Wannang et al., 2007). Studies have shown
that the mechanism underlying drug and chemically induced hepatotoxicity is free radicals
activities through lipid peroxidation and oxidative stress (Diazani et al., 1991). The observed
dosed- dependent decrease in the levels of enzymes concentrations is suggestive of the
protective effect of the administered alkaloids in the animals, which could be by antioxidation
through the process of mopping up or scavenging of free radicals generated during hepatic
injury (Abdullah and Al-Assaf, 2013; Barbaste et al. 2002).

4. CONCLUSION

Cucumis metuliferus fruits belong to the family Cucurbitaceae, and are largely consumed
as raw food and for medicinal purposes all over the world. It is the potential source of bioactive
secondary metabolites. Pharmacological and phytochemical studies of Cucumis metuliferus
fruits have received much interest because of their flavonoid and alkaloid constituents. While
going through the literature it is shown Cucumis metuliferus fruits contain adequate amount of
beneficial bioactive compounds for the maintenance of health of avians. However, there is need
of utilization of these bioactive compounds from different edible and non-edible part of
Cucumis metuliferus fruits as alternative to antivirals with no adverse effects. It could be a
possible natural mode of treatment for different poultry viral infections.
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