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ABSTRACT

Helminthes infestation has for a long time been recognized as a major constraint to
livestock production. Increasing anthelmintic resistance and the impact of conventional
anthelmintics on the environment has led to increased interest on ethnobotanical
approach to come up with new plant-based compounds. A number of plants have been
investigated towards development of anthelmintic drugs. While some studies have
provided confirmatory information on presence of anthelmintic properties in these
plants, the bioactive elements in them have not been identified and formulated for
commercial purposes. Entada leptostachya Harms (Mimosaceae), Albizia anthelmintica
(Mimosaceae), and Prosopis juliflora (Mimosaceae) were investigated for anthelmintic
activity and safety with the aim of formulating a cheaper, commercial herbal
anthelmintic drug. The aqueous extracts of E. leptostachya (LCs0=0.323 mg/ml,
60.90+37.77%) and P. juliflora (LCs5=0.153 mg/ml, 73.81+41.42%) were found to be
the most active using egg hatch inhibition assay. The extract mixture 1:7 (E.
leptostachya:P. juliflora) showed the highest anthelmintic activity (LCs0=0.370,
59.33+43.34%) while ratio 2:1 showed the least activity (LCs=2.052 mg/ml,
17.61+13.39%). Acute oral toxicity studies using OECD 425 guidelines to determine
safety were performed on the ratio 1:7. The LDsy was estimated to be greater than 5000
mg/kg b.w. and the extract mixture determined to be non-toxic. The effectiveness and
safety of the mixture ratio 1:7 was then determined using sheep by feacal egg count
reduction assay. The extract mixture 1:7 generally showed a time-dependent but not
dose-dependent in vivo anthelmintic activity. The 500mg/kg b.w. group gave the highest
anthelmintic activity, giving a significant (P<0.05) maximum feacal egg count reduction
of 84% on day 19 post-treatment while the group at 4500mg/kg b.w. gave the lowest
reduction of -59% on day 19 post-treatment. Albendazole produced a maximum feacal
egg count reduction of 51% on day 15 post-treatment, which was lower than that
reported in most literature. The maximum FECR from the 500mg/kg b.w. group was
considered biologically significant. The saponins in the mixture ratio 1:7 were quantified

and IR and UV spectroscopic profiles determined. E. leptostachya gave the highest

XVi



percentage yield of 8.82%, followed by 1:7 mixture (5.11%) while P. julifora gave the
least yield (4.41%). The FT-IR profile of E. leptostachya, P. juliflora and mixture 1:7
showed the presence of -OH, C-H, C=0, C=C, C=C-C, RCOO’, Aryl-O and C-O-C
functional groups. The UV absorbances (Amax) ranging between 198.5 and 330.5 nm
were recorded for E. leptostachya, P. juliflora and mixture 1:7. The findings of this
study have confirmed that all the three plants were anthelmintically active. The
formulated herbal preparation has also shown to be anthelmintically active, safe and on
further determination, will likely be cheaper than the already available conventional

synthetic drugs.
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CHAPTER ONE
1.0 INTRODUCTION AND LITERATURE REVIEW

1.1  Background of the study

Diseases caused by helmintic parasites in livestock continue to be a major productivity
constraint, especially in small ruminants in the tropics and subtropics. In the developed
world, with exception of countries in the southern hemisphere, the greatest impact is
found in the costs of control, mostly in the case of helminthes parasitoses while in the
developing countries, the greatest impact is in the direct and potential productivity losses
(Githiori, 2004).

Control of gastrointestinal nematode (GIN) parasitism is usually based on the use of
chemical anthelmintics, whose effectiveness and consistent use has been limited by high
levels of anthelmintic resistance and high cost of conventional, synthetic de-wormers,
respectively. This has led to increasing popularity of herbal de-wormers for GIN control
(Burke et al., 2009; Zafar 2009).

1.1.1 Economic and social losses due to helminthes

Livestock are an important and integrated component of agricultural production system
in developing countries. They are reared in production systems ranging from large-scale
intensive commercial farms to traditional small-holder and village production systems
(Satrija et al., 2001). Small ruminants under intensive and extensive production systems
are extremely susceptible to the effects of wide range of helminthes endoparasites
(Abebe and Esayas, 2001). Helminthiasis has been shown to be one of the most common
setbacks in production and reproductive performance of livestock (Dawo and Tibo,
2005; Véraday et al., 2005; Agaie and Onyeyili, 2007;). Most of these effects go
unnoticed because of sub-clinical or chronic nature of the diseases they cause unless the
parasites caused death of the animal (Dawo and Tibo, 2005). Their impacts are
characterized by lower outputs of animal products such as meat, milk, low quality hides

and skins, manure and traction, which negatively impact on the livelihood of small
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holder farmers (SHF). The economic impact lies not only in direct losses due to
mortality but also indirect internal losses due to weaknesses, loss of appetite, decreased
feed efficiency, reduced weight gain and decreased productivity (Véaraday et al., 2005;
Agaie and Onyeyili, 2007). The greatest losses associated with nematode parasite
infections are sub-clinical, and economic assessments show that financial costs of
internal parasitism are enormous. A highly pathogenic nematode, Haemonchus
contortus, is capable of causing acute disease and high mortality in all classes of stock
(Githiori, 2004; Eguale et al., 2006) and is the most prevalent and economically
important (Kaplan et al., 2003).

Over $4 billion is lost in animal productivity due to animal diseases, with over half of
that loss being due to internal parasites such as helminthes with approximately over $1.7
billion being spent annually worldwide in control measures (Lanusse and Prichard,
1993). The total economic loss to the Kenya agricultural sector due to haemonchosis in
small ruminants was estimated at US$ 26 million per year (Kareru, 2008); losses due to
helminthes parasites constitute 11.8% of the total slaughter for cattle and 46.0% for
sheep and goats (Olorunfemi et al., 2006). In U.K., intestinal worms constitute the most
important disease-related cost of sheep farming, leading to an annual loss of £83 million
(Behnke et al., 2008). In tropical countries, gastrointestinal nematodes are responsible
for a 23-63% reduction in growth, up to 25% of pre-weaning mortality and 24-47% of

reductions in annual off take from small ruminants (Kumsa et al., 2010).

Livestock is a major source of food and direct income from sale of the animals and
animal products like meat, milk, wool, hides and skins. Although livestock industry in
Kenya contributes only 10% to the GDP, improved production can be realized with
appropriate disease control. Goats are popular animals bred across Kenya by various
communities. They are the second most popular livestock species in the Rift Valley area
of Oromia, Ethiopia (Dawo and Tibbo, 2005). Livestock has traditionally been
considered as a source of wealth to the pastoral communities in Kenya. Loss of livestock

due to helminthes and helminthes-related ailments has contributed to community



conflicts as they try to restock their lost livestock. As a direct consequence of these
losses, the family fabrics are weakened due to reduced income and food.

1.1.2 Anthelmintic resistance, availability and cost of conventional de-wormers
Anthelmintic resistance is the decrease in the efficacy of an anthelmintic against a
population of parasites that is generally susceptible to that drug. The problem of
anthelmintic resistance (AR) is world wide and has been reported in South Africa,
Australia, New Zealand, Malaysia, Spain, France, Denmark, U.K., Brazil, and the
United States of America. The earliest documentation of AR was to phenothiazine in
1957 followed by thiobendazole in 1964 (Fleming et al., 2006). A recent survey carried
out by FAO and the Office Internationale des Epizooties (OIE) in 77 out of 151 OIE
member countries, revealed that over 50 per cent of countries are affected by parasite
resistance (FAO, 2011).

High cost of modern anthelmintics and unavailability (or erratic availability patterns) to
rural farmers has also limited the effective control of helminthes (Agaie and Onyeyili,
2007). Additionally, widespread and intensive use of sometimes low quality
anthelmintics (Matthee, 2003; Githiori, 2004; Mohammed et al., 2005) has led to
resistance, leading to reduction in effectiveness of available anthelmintics (Matthee,
2003; Mohammed et al., 2005; Maurer et al., 2006). Chemical anthelmintics are also
reported to be toxic and can pose side effects to the animal and the administrator
(Kareru, 2008; Nalule et al., 2011). Administration of chemical anthelmintics causes
their existence as food residues and also leads to environmental pollution
(Lalchhandama, 2009; Nalule et al., 2011). In Kenya, adulteration of anthelmintics has
become common practice. This class of anthelmintics has inadequate amounts of active
ingredients which encourage anthelmintic resistance (Githiori, 2004). Emergence of
resistant strains of pathogenic helminthes is an additional constraint to effectiveness of
anthelmintics (Mohammed et al., 2005). Gastrointestinal nematodes (GIN) of small
ruminants have a number of genetic characteristics that promote the development of

anthelmintic resistance. These helminthes have the genetic potential to respond rapidly



and successfully to chemical attack and the means to ensure dissemination of their

resistant genes by host movement from farm to farm (Fleming et al., 2006).

Various communities in Kenya have adopted low cost alternatives that are rarely
documented in ethnobiological studies (Njoroge and Bussmann, 2006). Some of the
plant species in frequent use in Kenya include Asteraceae and Lamiaceae plant families,
Synadenium compactum, Solanecio manii, Senna didymobotrya, Terminalia brownie,
Vernonia lasiopus, Albizia anthelmintica and Tithonia diversifolia (Njoroge and
Bussmann, 2006; Kareru, 2008).

1.1.3 Helminth control

Besides use of anthelmintics, gastrointestinal helminthes are controlled in combination
with credible farm management. In the developing world, this is impractical due to the
high cost of the synthetic anthelmintics and expensive farm management procedures
(Satrija et al., 2001). As laid out by Padgham (2005), understanding parasite life cycles,
pasture management, proper animal nutrition, breeding for parasite resistance and use of
natural parasite controls are some of the other ways of maintaining control over
ruminant parasites. Other broad approaches may include biological control, reduced
frequency of anthelmintic treatments, parasite vaccines, and use of plants with anti-
parasitic properties (Githiori, 2004).

Unmanageable load of helminthes may cause loss of immune function, decreased
productivity and death in an infected animal. Young animals, whose immune system are
not well developed, are more susceptible. Adult animals under stress or whose immunity
has been compromised by disease, poor nutrition or other factors may also be affected
by parasites. The way the soil, manure, feedstuffs and pasture are managed, may dictate
the load of parasites such animals are exposed to. For example, most sheep graze close
to the ground where the highest load of helminthes larvae exist as the larvae often don’t
climb higher than 5 inches from the ground. This puts them at high risk of endoparasite
infection (Padgham, 2005).



1.1.4 Helminth chemotherapy

Chemotherapy has, for a long time, remained to be the primary strategy of helminthes
control. In Nigeria, it is the major control measure against helminthiasis. Current
strategies outside Africa involve reducing the level of pasture contamination through
anthelmintic treatments and/or controlled grazing. In Africa, these methods are limited
by the high cost of synthetic anthelmintics, their erratic availability, increased drug
resistance and limited scope in many communal pastoral systems of grazing (Olorunfemi
et al., 2006). These constraints arising from the reliance on synthetic anthelmintics in
most developing countries have presented difficulties in the management of Gl parasite
infections, calling for novel alternatives of helminthes control. As a result, pastoralists
and SHFs continue to use indigenous plants as livestock de-wormers drawn from
centuries of traditional beliefs. These herbal preparations are much cheaper and readily
available than synthetic drugs and have been used for a long time by pastoralists and
SHFs for treatment of livestock against helminthes parasites (Githiori, 2004). The most
commonly used synthetic anthelmintic drugs in Kenya are Mebendazole (1), Levamisole
(2) and Albendazole (3) (Kareru, 2008) as shown in Figure 1.1.
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Figure 1.1: Structural representation of commonly used synthetic anthelmintics:
Mebendazole (1), Levamisole (2), Albendazole (3) (Kareru, 2008)
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1.1.5 Classes of synthetic anthelmintics and their resistance history

In the past 25 years, no new classes of anthelmintics have been developed for use in
animals given the limited economic potential of small ruminant animals. Currently, there
are 3 classes of

synthetic anthelmintics, each having different mode of action on the target nematodes
(Fleming et al., 2006; Behnke et al., 2008):

I. Benzimidazoles (albendazole, fenbendazole)-group 1 anthelmintics,

ii. Cholinergic agonists (levamisole/morantel)-group 2 anthelmintics,

ii. Macrocyclic lactones or avermectins and milbemycins (ivermectin, moxidectin)-
group 3 anthelmintics.

Benzimidazoles were introduced in the early 1960s but resistance to thiobendazole was
detected only after 4 years of usage in the U.S.A. (Kaplan et al., 2003; Behnke et al.,
2008). Group 2 anthelmintics were introduced in the early 1970s and resistance detected
for the first time in 1977 in Australia. Group 3 anthelmintics were licensed in the early
1980s and resistance realized only after 7 years in South Africa. Although novel
synthetic drugs seem to be coming up (such as nitazoxanide, cyclic depsipeptides,
octadepsipeptides (for example emodepside), tribendimidine, diketopiperazines (for
example paraherquamides), amino-acetonitrile derivatives (AADs)), no new drugs that
operate through a different mode of action to that offered by the three present classes of

anthelmintics have been developed (Behnke et al., 2008).

In the United States, resistance to all the three classes of anthelmintics has been reported
(Véaraday et al., 2005; Fleming et al., 2006). Gastrointestinal nematodes of small
ruminants include Haemonchus contortus, Telodorsagia circumsita, Trichostrongylus
axei, Nematodirus spp, and Cooperia spp. Anthelmintic resistance is present in all of

these parasites but prevalence is high for Haemonchus contortus (Fleming et al., 2006).

1.1.6 Life cycle of Helminthes
The life-cycle of helminthes may be direct or indirect. The indirect cycle involves two or

more hosts: a definitive/final host and an intermediate host. For instance, the Liver Fluke



spends part of its life cycle in certain snail intermediate host species before infecting the
definitive ruminant hosts. The direct life cycle involves only one final host. This study

was interested in those nematodes within the GI tract. Figure 1.2 shows the direct cycle.

adult GIN in animal host
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Figure 1.2: General life cycle of gastrointestinal nematodes of small ruminants
(Scheuerle, 2009)

Parasite-infested animal (the host) harbors adult worms. The eggs produced by the
female worm are deposited in pastures with feacal matter where they develop into
various larvae stages. A host animal is contaminated by ingesting L3 larvae (infective
stage) with the grass. The larvae ex-sheath and make their way to the gastrointestinal



tract where they develop to L, stage and proceed to produce a new generation of adult

male or female parasites (Scheuerle, 2009).

The major classes of worms include round worms (Nemathelminthes strongyles) and

flatworms (Platyhelminthes).

internal parasites found in cattle, sheep and goats.

Table 1.1 shows the general characteristics of main

Table 1.1: Characteristics of main internal parasites in cattle, sheep and goats

(Andrews, 1969)

. . Infected Life
Parasite Description Organ Cycle Symptoms
M: 1020 mm Anae_mla, soft
IS:  4-6 | swelling under
Haemonchus red F:. 18-30 .
Abomasum | days PP: | jaw and abdomen,
contortus mm red and
. 3 weeks | weakness, no
white . .
weight gain
Ostertagia M: 6-9  mm, IS: 46 I?g:r?lonchus ar?(j
. g brown F: 8-12 | Abomasum | days PP:
circumcinta also lack  of
mm 3 weeks . .
appetite, diarrhea
M: 4-5.5 mm F: IS:  3-4 | Same as
Trichostronavius 57 mm  liaht Abomasum, | days PP: | Haemonchus and
9y g duodenum 2-3 also diarrhea and
brown .
weeks weight loss
IS:  5-6
Cooneria s red M: 5-7 mm Duodenum days PP: | Same as
P PP F: 6-9 mm 15-20 Haemonchus
days
IS:? PP: | Edema, anaemia,
Bunostomum 10-30 mm Duodenum 30-56 weight loss,
days diarrhea
: IS: 1-2
Sgﬁ?ﬁ)ﬁ'ﬁ;des( ouna | 4-6 mm Small days PP: | Anorexia,
P p young intestine 8-14 enteritis, diarrhea
animals)
days




. M: 13-14 mm F: | Large IS: 56 Anemia, diarrhea
Chabertia . . days PP: | .
17-20 mm intestine with blood
42 days
IS:  6-7
Oesophagostomum | M: 12-17 mm F: | Large days PP: | Dark green
columbianum 15-22 mm intestine 41-45 diarrhea, edema
days
IS:  12-
M: 16-28 mm F: 14 days .
Protostrongylus 25-35 mm Lungs PP: 30- Pneumonia
37 days
IS: 6-7 | Sticky nasal
. M: 30-80 mm F: days PP: | discharge,
Dictyocaulus 50-100 mm Lungs 3-4 difficulty
weeks breathing, cough

Key: M=Males; F=Females; IS=Infectious stage i.e. Minimum number of days for
parasite to reach infectious stage (L3) after hatching of eggs; PP=Prepatent stage i.e.

period up to appearance of first eggs in dung after host is infected.
1.2 Literature review

1.2.1 Ethnobotanical research and ethnoveterinary practices

Traditional medicine has a long history. World Health organization (WHOQO) has
estimated that approximately 80% of the world’s population depends on traditional
medicines for meeting their primary health care needs (Deore and Khadabadi, 2010).
WHO (2000) describes traditional medicine as the “sum total of the knowledge, skills
and practices based on the theories, beliefs and experiences indigenous to different
cultures, whether explicable or not, used in the maintenance of health, as well as in the
prevention, diagnosis, improvement or treatment of physical and mental illness.” Long
historical use of many practices of traditional medicine, including experience passed on
from generation to generation, has demonstrated the safety and efficacy of traditional
medicine. However, scientific research is needed to provide additional evidence of its

safety and efficacy (WHO, 2000). The most effective approach to obtain scientific
9



evaluation is the ethnobotanical approach, which assumes that indigenous uses of plants
indicate the presence of biologically active compounds in the plants under study. The
largest challenge in use of herbal medicine has been the lack of scientific evaluation
(Salawu et al., 2008; Sujon et al., 2008).

In recent times, there has been an increasing interest in ethnomedical and
ethnoveterinary practices globally in treating various ailments. In the developed world,
this is in response to production of animals free from industrial chemical inputs and the
need to discover new therapeutic substances of natural origin with potentially low
toxicity to both humans and animals. Traditional veterinary practices are used in most
developing countries as an integral part of people’s culture and their use is not likely to

significantly change to a significant degree in years to come (Komen et al., 2005).

Helminth control programs, based on improvement of farm management and regular
anthelmintic treatment, are often unrealistic in developing countries due to relatively
high price of modern anthelmintics for SHF (Satrija et al., 2001; Maurer et al., 2006;
Dawo and Tibbo, 2005), substantial levels of anthelmintic resistance (Githiori et al.,
2003), inadequate supply or unavailability, environmental pollution and food residues
(Dawo and Tibbo, 2005). As a result of these challenges, pastoralists and SHF have
continued to use indigenous plants as livestock dewormers drawn from traditional belief
and use of EVM. These herbal preparations are much cheaper and readily available than
the synthetic drugs (Githiori, 2004). In Nigeria, herbal treatment of helminthiasis is
widely practiced by herbalists and nomadic Fulanis, who are the largest cattle rearers in
Nigeria (Mohammed et al., 2005).

The development of herbal anthelmintics can be initiated with collection of information
concerning species of plants which have been used to treat parasites. An ethnoveterinary
medicine survey involving questionnaire and/or interview with farmers who hold the
information on traditional animal health care could be the most effective manner of

revealing their beliefs, experiences and insights on parasite control (Satrija et al., 2001).
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Njoroge and Bussmann (2006) used semi-structured questionnaires and detailed
discussions with SHFs and found out that 40 plant species in 26 families were useful in
traditional management of various cattle ailments in the Central region in Kenya. The
usage of some of these species is unfortunately unsustainable as some of the species are
rare or endangered hence, the need for conservation measures to be taken. In Zimbabwe,
ethnoveterinary medicine is gaining widespread recognition at the expense of
conventional drugs especially because of its greater accessibility, lower costs and

apparent effectiveness (Njoroge and Bussmann, 2006).

1.2.2 Anthelmintic bioactive principles

Plants and their derivatives have played a key role in universal health and have for a
long time been known to possess biological activity (Falodun et al., 2007; Khan et al.,
2010). Actually, 30% of all modern drugs are derived from plants (Khan et al., 2010).
Some of the problems deterring pharmaceutical companies from exploiting plant-derived
medicines include variability in the concentration of active principles in relation to how
the plants were grown, climate, soil quality, site (location), and season of the year
(Behnke et al., 2008). Tannins, which are naturally occurring secondary metabolites in
plants, have the ability to reduce worm burdens (FAO, 2011). Recent explorations of
members of the genus Acacia documented that they are generally rich in saponins and
tannins. Two triterpenoid saponins, acaciaside A and B, isolated from A. auriculiformis
have been found to possess significant activities against nematodes and cestodes. The
mechanism is believed to be through destruction of the cell membranes by inducing
peroxidation, increasing energy metabolism and inhibiting glucose uptake of the
parasites (Lalchhandama, 2009). Condensed tannin-containing forages have the potential
to help control anthelmintic-resistant gastrointestinal parasites. They have been shown to
decrease fecal egg counts in sheep and goats and may decrease hatch rate and larval
development in feaces. This reduces pasture contamination and ingestion of infective
larvae and these may provide adequate control of gastrointestinal parasites (Min and
Hart, 2003).
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Transcuticular diffusion is a common means of entry into helminthes parasites for non-
nutrient and non-electrolyte substances in nematodes and this route is predominant for
uptake of major broad-spectrum anthelmintics such as Albendazole as opposed to oral
ingestion (Eguale et al., 2007; Keiser et al., 2012). Condensed tannins can impair vital
processes such as feeding and reproduction of the parasite or may bind and disrupt the
integrity of the parasite’s cuticle (Dave et al., 2009; Zafar et al., 2009). Tannins may
also induce physiological changes in the gut of the host, resulting in secretion of mucous
and chemicals harmful to the parasite (Min and Hart, 2003; Zafar et al., 2009). The
immune response to nematode parasites through rumen by-pass of proteins from feed
intake (Zafar et al., 2002; Min and Hart, 2003; Suleiman et al., 2005) has shown to
reduce reproductive activity of gastrointestinal parasites (Waghorn et al., 1995;
Athanasiadou et al., 2000a,b; Suleiman et al., 2005). It is reported that monodesmoside
saponins have shown to destabilize membranes and increase cell permeability by
combining with membrane-associated sterols (Geidam et al., 2007; Ademola et al.,
2008; Ademola and Eloff, 2010) and producing changes in cell morphology leading to
cytolysis (Geidam et al., 2007). The hemolytic action of saponins is believed to be the
result of the affinity of the aglycone moiety for membrane sterols, particularly
cholesterol and this increases with increase in number of polar groups in the aglycone
moiety (Becker et al., 2002). Triterpenoid saponins, acaciaside A and B isolated from
Acacia auriculiformis, were reported to cause destruction of cell membranes of
nematodes and cestodes by inducing peroxidation, increasing energy metabolism and
inhibiting glucose uptake of the parasites (Lalchhandama, 2009). Alkaloids may
improve tonicity of the gastrointestinal tract and thus expel the worms or may have a
direct effect on the nervous system of the nematodes (Ademola et al., 2008; Lateef et al.,
2003). Albendazole works by interference with polymerization of microtubule, where
the drug binds to the protein tubulin of the parasite leading to death by starvation
(Kareru et al., 2012; Lalchhandama, 2009). The other phytochemicals in the two plants
like flavonoids and oleanane type triterpenes may have their independent or synergistic
anthelmintic effects (Zafar et al., 2009).
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1.2.2.1 Saponins

Saponins get their name from the soapwort plant, whose root was traditionally used as
soap. Saponins are glycosides of triterpenes (a), steroids (b), and sometimes alkaloids
and occur primarily, but not exclusively in plants. They dissolve in water to form a
soapy froth. The aglycone part of a saponin is referred to as a sapogenin while the
glycone parts of the saponins are generally oligosaccharides.

SAPONIN

p AN

Glycone + Aglycone

Y '

Sugar Sapogenin

1. glucose

2. arabinose

3. xylose

4. glucuronic acid .
MNeutral Acid
saponins saponins
Steroids Tritarpenoids

Figure 1.3: Composition and categorization of a saponin molecule

Oligosaccharides may be linked to the sapogenin through an ether or ester linkage at one
or two glycosylation sites, giving a monodesmosidic and bidesmosidic saponin
respectively. Many plants contain little or no saponin while in others, the triterpenoid
saponins predominate. The base structure found in the largest variety of medicinal plants

is the oleanane-type triterpene (Kareru, 2008).
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(a) (b)
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Figure 1.4: Basic structures of sapogenins: (a) triterpenoid and (b) steroid

Figure 1.5 represents glycosidic linkages through an ester linkage (A) and one ester and
ether linkages in B to form a monodesmosidic triterpenoid saponin A and bidesmosidic
triterpenoid saponin B. Saponins are reported to have anthelmintic property. Saponins
were first reported to kill worms as early as 1962 using an extract from Albizia
anthelmintica (Kareru, 2008).

e
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Figure 1.5: Typical examples of monodesmosidic (A) and bidesmosidic (B)

triterpenoid saponins: Glc=glucose, Rham=rhamnose, Ara=arabinose (Burnouf-
Radosevich and Delfel, 1986)
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1.2.2.2 Tannins

These are naturally occurring polyphenolic compounds of high molecular weight enough
to form complexes with proteins. They are classified into two groups (typical examples
in figure 1.6) based on their structural types: a) hydrolysable tannins (HT), and b)
condensed tannins (CT) (Joint FAO/IAEA, 2000). Hydrolysable tannins are polymers
esterified to a core molecule, commonly glucose or a polyphenol such as catechin. HTs
are potentially toxic to ruminants. CTs are polymeric flavonoids (polyphenols) (Kareru,
2008). They are oligomers and polymers of polyhydroxyflavan-3-ol units (Umezawa,
2001). CTs are the most common types of tannins found in forage legumes, trees and
shrubs (Min and Hart, 2003). Condensed tannins (proanthocyanidins) are relatively

stable in the digestive tract of the animal and rarely have toxic effects (Githiori, 2004).

In spite of their difference in the basic structures, hydrolysable and condensed tannins
have a similarity in that they have many phenolic units and therefore are often called
plant polyphenols. Tannins have antioxidant, radical-scavenging, biological and
pharmacological activities (Umezawa, 2001). High concentrations of CTs are reported to
have anthelmintic activity against nematode parasites (Kareru, 2008). A new class of
tannins, complex tannins, occurs widely in plants containing both condensed and
hydrolysable tannins. They have shown to contain, in the molecules, a hydrolysable
tannin moiety connected through a carbon-carbon linkage to flavan-3-ol (flavano-
ellagitannin), procyanidin (procyanidino-ellagitannin) and flavonoid glucoside (flavono-
ellagitannin) moieties and their classification has been based on their structural, rather

than chemical properties (Nonaka, 1989).
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C-Arecatannin D-Castelagine

Figure 1.6: Typical examples of CT (C) and HT (D)

While doing a study on the anthelmintic activity of the leaves of Erythrina indica
against earth worms, Jesupillai and Palanivelu (2009) concluded that tannins produced
anthelmintic activity by binding to free protein of the gastrointestinal tract of the host
animal or the glycoprotein on the cuticle of the parasite. Research has also showed that
inclusion in the diet of the condensed tannins in Quebracho extract reduces egg output
and worm burden in sheep infected with Trichostrongylus colubriformis. Studies
suggested that quebracho tannin was acting through a direct toxic effect against the
nematodes (FAO, 2011).

Anthelmintic effect of condensed tannins (CT) against Haemonchus contortus in sheep
has been evidenced by inhibited egg hatching while reduction in feacal egg count in

sheep is through improved nutrient utilization (Zafar et al., 2007). In another study on
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the effect of condensed tannins in cassava hay, Netpana et al. (2001) concluded that
feeding a supplement of cassava hay containing moderate levels of condensed tannins
has the effect of reducing nematode egg counts in both cattle and buffaloes. A most
recent research has led to formulation of an effective animal feed using Lespedeza
cuneata, which has been patented in the U.S.A. The plant has been reported to contain
52 grams of CTs per kilogram of forage though the content varies with environmental
conditions (Kareru, 2008).

Plant CT may have direct or indirect effects on gastrointestinal parasites: a) directly by
mediation through CT-nematode interactions, affecting physiological functions of GIP.
Condensed tannins extracted from various forages can markedly decrease the viability of
the larval stages of several nematodes in sheep and goats. CT may also react directly by
interfering with parasite egg hatching and development to infective stage larvae, and b)
indirectly by improving protein nutrition by binding to plant proteins in the rumen and
preventing microbial degradation, hence increasing amino acid flow to the duodenum.
Several sheep studies have shown that improved protein nutrition decreases parasite
infestation (Min and Hart, 2003; Zafar et al., 2007).

1.2.3 Testing of anthelmintic activity of herbal plants

This is usually done to determine the anthelmintic activity and hence, the efficacy. This
is done in vitro or in vivo. In vitro tests involve -culturing anthelmintic
eggs/larvae/worms from ruminant feaces either at room temperature or in an incubator.
The eggs/larvae/worms are then inoculated with herbal extracts and eggs inhibited from
hatching and dead larvae/worms are monitored with time (Zafar et al., 2007; Kareru,
2008; Sujon et al., 2008; Jesupillai and Palanivelu, 2009; Deore and Khadabadi, 2010).
In vivo tests involve inoculation of test animals with pre-determined number of
nematode eggs of a specific species (infection) and then feeding/treating the ruminant
animal such as sheep with herbal extract followed by monitoring helminthes eggs in the
animal feaces over time after administration. The experimental animals may also be left

to aquire the nematode eggs naturally. Reduction of feacal egg counts with time is an
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indication of in vivo anthelmintic activity (Githiori, 2004; Agaie and Onyeyili, 2007;
Dawo and Tibbo, 2005; Krimpen et al., 2008; Burke et al., 2009; Deore and Khadabadi,
2010).

In vitro (biochemical or cellular) safety data is an indicator of potential toxicity but not
an absolute marker and usually serves to verify the reported mechanism of action in
animals or humans. On the other hand, in vivo data from animal studies are more

indicative of toxicity and may be considered to be safety markers (WHO, 2000).

Such studies on numerous herbal plants have been reported. In vitro anthelmintic
activity study on Terminalia arjuna bark showed a dose dependent anthelmintic activity
against Haemonchus contortus ova with an LCsy value of 0.646 mg/ml (Zafar et al.,
2009). A similar trend was observed with the in vitro anthelmintic activity of ethanolic
plant extracts from Northern Cameroon on inhibition of Haemonchus contortus eggs
(Monglo et al., 2006). Combretum molle acetone extract (LCs,=0.866mg/ml) and its
fractions inhibited hatching of Haemonchus contortus eggs in a concentration-dependent
manner where the chloroform fraction was significantly more active than the other
fractions (P<0.05) (Ademola and Eloff, 2010). Crude aqueous and hydroalcoholic
extracts of the leaves of Chenopodium ambrosioides, Lawsonia inermis and seeds of
Jatropha curcas were studied for their possible anthelmintic activity against egg
hatchability and mortality of adult Haemonchus contortus. Both C. ambrosioides and J.
curcas inhibited the hatching of the eggs at a concentration of < 2mg/ml while activity
of L. inermis was not dose-dependent and did not inhibit hatching of eggs of H.
contortus significantly at all tested concentrations (Eguale and Giday, 2009).
Aframomum danielli hexane extract (yielding alkaloids, cardiac glycosides and
glycosides) has demonstrated lower anthelmintic activity (LCs0=0.39mg/ml) compared
to its ethanolic extract (LCs0=0.033mg/ml) (yielding alkaloids, saponins, cardiac
glycosides, steroids and glycosides) using larval survival assay. The anthelmintic
activity of this plant was attributed to presence of saponins. The possible mechanism

was attributed to destabilization of the membrane, increasing cell permeability by
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combining with membrane associated sterols leading to loss of osmotic control and
causing cytolysis (Ademola et al., 2008).

Several other studies have been done to characterize other plants believed to have
anthelmintic activity. On the basis of saponin anthelmintic activity, Deore and
Khadabadi (2010) undertook a study to prove the efficacy of C. borivilianum root tuber
against selected worms. From the results, which confirmed presence of saponins from
the TLC analysis of the crude extracts, they concluded that the tubers could be used as
anthelmintics and further led to confirm that the anthelmintic activity of C. borivilianum
was due to the presence of saponins. The values of time of paralysis and time of death of
methanolic extracts confirmed anthelmintic activity of Amorphophallus campanulatus.
The methanolic extract tested positive for saponins and tannins amongst other

phytochemicals (Ramalingam et al., 2010).

Some of the phytochemicals known to be active against gastro-intestinal nematodes
include polythienyls, isothiocyanates, glucosinolates, cyanogenic glycosides,
polyacetylenes, alkaloids, lipids, terpenoids, sesquiterpenoids, diterpenoids, quassinoids,
triterpenoids, simple and complex phenolics (Chitwood, 2002), thymol (Lateef et al.,
2006), steroids (Badmanaban and Patel, 2010), saponins (Kareru, 2008), tannins (FAQ,
2011; Githiori, 2004; Ramalingam et al.,, 2010) amongst other classes of
phytochemicals. Direct and indirect mechanisms behind anthelmintic effect of plants
containing tannins actually depends on the type and content of tannins in the plant
(Suleiman et al., 2005). These may target viability of nematode eggs, survival or growth
of larvae and/or fecundity of adult worms (Waghorn et al., 1995; Athanasiadou et al.,
2000a,b; Min and Hart, 2003).

1.2.4 Toxicity testing of plant extracts
Herbal formulations as medicinal alternatives have continued to receive increased
attention because of strong belief that these products are safe. It is this assumption, to a

larger extent, that has influenced the indiscriminate use of these herbal formulations
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leading to incidences of adverse effects and sometimes life-threatening conditions
(Agbaje et al., 2009; Mbaka et al., 2010). The ethnomedical use of any plant for
medicinal purposes does not warrant its safety, especially with regard to mutagenicity,
carcinogenicity, embryotoxicity, nephrotoxicity and hepatotoxicity, where the effects are
rather complex and not easily recognized by the local populations (Afolayan et al.,
2009).

Toxicity studies are conducted for safety assessment and to determine the possible
adverse effects of a test substance. In the context of this study, OECD guideline Up-and-
Down procedure (UDP) provides a more humanely acceptable animal use protocol. The
Up-and-Down procedure (OECD 425 guideline) uses impending death as the only end-
point and uses far less test animals than most guidelines (OECD, 2000). Organization of
Economic Cooperation and Development’s (OECD’s) UDP uses a maximum of six
animals in dose administration of test substances in a sequential manner after survival of
previously dosed animal has been assured. Acute oral toxicity refers to those adverse
effects occurring following oral administration of a single dose of test substance, or
multiple doses given within 24 hours (OECD, 2001).

Toxicity testing has relied almost exclusively on the use of whole animal systems such
as experimental rodents such as mice and rats to analyze pathological effects of chemical
exposures, to elucidate mechanisms of action and to ascertain hazards to human and
animal health. However, in vitro protocols have gained increasing popularity because of
their better mechanistic investigations and lower costs and time of doing these
experiments. These experiments fall into four categories: a) microorganism systems, b)
mammalian cell culture systems, c) tissue preparations, and d) organ cultures (Tardiff,
1978). The animal tests investigate the effect of a test substance on the various body
systems such as respiratory, nervous, and cardiovascular systems (Wamburu et al.,
2013).
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Studies have been done using similar and other guidelines to establish toxicity of plant
extracts in rat or mice models. Acute oral toxicity testing of Hunteria umbellate was
done using the Up-and-Down procedure (OECD guideline 425).The study showed that
the plant extract had an LDso of 1020 mg/kg and was therefore slightly toxic (Adeyemi
and Adeneye, 2009). Akanmu et al., (2009) investigated acute and sub-acute oral
toxicity of methanolic extract of Bauhinia monandra (used for treatment of diabetes).
Acute administration of the extract up to a dose of 8000 mg/kg b.w. did not cause any
deaths or any toxicity signs. The study concluded that B. monandra may possess
relatively low toxicity. Acute toxicity study of the leaves of Sphenocentrum jollyanum
showed no toxicity when administered up to 11000 mg/kg b.w. orally while intra-
peritoneal (IP) administration produced dose dependent mortality with an LDsy of
1445.4 mg/kg b.w.. The results suggested that the leaves extract was potentially safe for
oral consumption (Mbaka et al., 2010). Acute and sub-acute toxicity of 95% ethanolic
extract of aerial parts of Cansjera rheedii J. Gmelin (Opiliaceae) was evaluated in Swiss
mice and Wistar albino rats. The acute toxicity study was conducted following the
OECD 420 guideline where a limit test dose of 2000 mg/kg b.w. was used. No
significant changes in the organ weights between the control and treatment groups were
observed nor were there any gross pathological and histopathological changes observed
after 28 days. There were no mortalities during the entire treatment period. In
conclusion, the study presented strong evidence of non-toxic effects of the ethanol
extract of C. rheedii and the extract was considered safe and could be extensively used
(Mounnissamy et al., 2010). Acute toxicity evaluation of an herbal extract mixture
containing Withinia somnifera, Tribulus terrestris, Mucuna pruriens and Argyreia
speciosa showed the combination product was safe up to the dose of 5000mg/kg b.w. on
mice (LDsp>5000 mg/kg b.w.) within a 24 hours period (Khan et al., 2010). Acute oral
toxicity study of aqueous extract of Artemisia afra was done using the OECD 425
guidelines by Mukinda (2005). The estimated LDsy was >5000 mg/kg b.w. for both

female and male mice. Fifty percent less animals were used using this guideline for both
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oral and intraperitoneal administrations compared to the Litchfield and Wilcoxon

protocol.

1.2.5 Eth_n_obotanical information on test plants reported to have anthelmintic
activity

1.2.5.1 Entada leptostachya Harms (Mimosaceae)

Entada leptostachya is from Fabaceae family, genus Entada. It is a climbing shrub or
tree, 3-10m tall. The leaves are stipulate, nearly always alternate. The flowers are
usually bisexual. The plant is found in several parts of Kenya (Machakos, Embu and
Mbeere districts) and other countries of Africa such as Somalia, Ethiopia and Tanzania.
The communities in Embu and Mbeere districts of Eastern Province, Kenya use the root
bark decoction to treat worms in humans and animals (Kareru, 2008). Plate 1.1 shows
the aerial parts of Entada leptostachya.

Plate 1.1: Aerial parts of E. leptostachya showing the foliage

Kareru (2008) reported the presence of triterpenes, tannins, saponins and glycosides in

Entada leptostachya.
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1.2.5.2 Albizia anthelmintica (Mimosaceae)

Albizia anthelmintica is a deciduous shrub of Mimosaceae family which grows up to 8m
tall. It has gray, smooth, bark and bipinnate leaves. The flowers are pale greenish and
usually appear when the shrub is almost leafless. The root bark concoction is used to
treat intestinal worms infection. It is a common shrub in dry bushland and in Maasai-
land it is the most effective medicine against intestinal worms. Saponins from its bark
have been reported in South West Africa (Kareru, 2008; Githiori, 2004).

Saponins were first reported to kill worms as early as 1962, using an extract from
Albizia anthelmintica. Phytochemical studies using extracts from A. anthelmintica has
shown presence of triterpenes, saponins, tannins and anthraquinones (bound) (Kareru,
2008). Sesquiterpene and kosotoxins have also been isolated from the bark and root bark

extracts of Albizia anthelmintica (Hussain, 2008).

1.2.5.3 Prosopis juliflora (Mimosaceae)

Prosopis juliflora is an evergreen tree with a large crown and an open canopy and can
grow to a height of up to 14m. Its stem is greenish-brown, sinuous and twisted with axial
and strong thorns. The barks are reddish-brown and rough and the root system has a
deep tap root that allows the tree to reach deep water tables. The leaves are compound,
dark bluish-green and are high in tannin (Pasiecznik et al., 2001, Matthews and Brand
2004). Its fruits are pods, which are green when immature and yellow when mature and
are high in sugar content (Talpada and Shukla 1988, Masilamani and Vadivelu 1997,
Batista et al., 2002). The tree is native to South America, Central America and the
Caribbean (Pasiecznik et al., 2004). It was introduced in Kenya in the early 1970s from
Latin America and is locally known as ‘Mathenge’ (Ebenshade and Grainger 1980,
Maghembe et al., 1983). In Kenya, it is considered as a noxious weed. Plate 1.2 shows

the leaves and pods of Prosopis juliflora.
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Phytochemical studies have revealed presence of saponins, tannins, flavonoids and
alkaloids in leaf aqueous extracts of Prosopis juliflora (Wamburu et al., 2013).

Andersson (2005) has reported that P. juliflora leaves contain a high tannin content.

Plate 1.2: Aerial parts of P. juliflora showing the foliage and immature pods

1.2.6 Fingerprint profiles of plant extracts in quality control and standardization
of herbal drugs

Standardization refers to the measures taken to ensure that there is a consistent quantity
of a defined marker compound within a herbal material. This helps to achieve
reproducible biological data in terms of safety and efficacy by standardizing the herbal
material to the active ingredient(s) when they are known or to specific markers when the
actives are not yet known (Saraf et al., 2009; Giri, 2010). According to American Herbal
Products Associations (AHPA), standardization refers to body of information and
controls necessary to produce materials of reasonable consistency (Sasidharan et al.,
2010a).

Fingerprint is a powerful tool for the quality control of herbal medicines (Xiao-he et al.,

2011) and has been widely accepted as a useful method for the evaluation and quality
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control of herbal materials and their finished products (Liang et al., 2004; Patra et al.,
2010; Demirezer et al., 2011). The intuitive evaluation involves comparison of
similarities and/or differences of the fingerprints’ shape, more so for chromatographic
fingerprints (Liang et al., 2004). EMA (European Medicines Agency), FDA (Food and
Drug Administration) (Demirezer et al., 2011) and WHO (World Health Organization)
(Saraf et al., 2009) suggest the fingerprint method to evaluate the compatibility of herbal
medicine to standard extract. Variances due to geographical source, cultivation and
processing methods affect the chemical composition and clinical efficacy of these herbal
drugs and it becomes necessary to establish a method to control their quality (Demirezer
etal., 2011).

Existence of numerous phytochemicals in plants makes it difficult to identify those that
provide the main therapeutic effects since the total therapeutic effects are as a result of
multiple interactions of these phytochemicals (Andola et al., 2010a; Xiao-he et al.,
2011). However, it is impossible and unnecessary to qualitatively and quantitatively
study every component (Xiao-he et al., 2011). A lot of emphasis is being laid on the
need to use modern scientific techniques to ensure herbal products contain specified
amounts of marker compounds in order to guarantee accurate identification, safety,
efficacy and stability (Andola et al., 2010a; Patil and Shettigar, 2010). To ensure this, it
is necessary to combine chemical constituent analysis with bioassay (Xiao-he et al.,
2011). Standardization methods should take into consideration all aspects contributing to
the quality of herbal drugs (Patil and Shettigar, 2010).

Several analytical techniques have been utilized in order to obtain fingerprint profiles of
herbal drugs, qualitatively and quantitatively, and are a valuable tool for proving
constant composition of herbal preparations by establishing relevant criteria for
uniformity. These methods provide ways of identifying authentic drugs, in excluding
adulterants and in maintaining the quality and consistency of the drug (Patil and
Shettigar, 2010). Chemical, chromatographic, spectroscopic and hyphenated methods

have been utilized. Techniques such as thin layer chromatography (TLC), gas
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chromatography (GC), capillary electrophoresis (CE), infrared spectroscopy (IR), high
performance liquid chromatography (HPLC), ultraviolet spectroscopy (UV), mass
spectroscopy (MS) and nuclear magnetic resonance (NMR) have been applied for
fingerprinting (Demirezer et al., 2011). FT-IR fingerprinting for herbal products tends to
focus on identification and assessment of the stability of the chemical constituents’
functional groups. FT-IR fingerprint can be used to ensure that the functional groups
present in a herbal extract are present in a reproducible manner and this can assist a
manufacturer in controlling and assuring the consistency and the standard quality of an
extract in each phase of an extraction (Sasidharan et al., 2010b). Hyphenated techniques
provide simultaneous separation as well as identification of phytochemicals in a mixture.
For example, for GC-MS and LC-MS, GC and LC separate the components while MS
identifies components in the mixture on the basis of molecular mass and fragmentation
pattern (Saraf et al., 2009). HPLC is now being extensively used to establish
chromatographic fingerprints for quality control of raw herbal products (Xiao et al.,
2011).

Hyphenated methods such as HPLC-DAD and HPLC-MS have been used for fingerprint
analysis of Coptidis rhizome (Sheng et al., 2006; Tong et al., 2008). Infrared
spectroscopy (IR) is also an important technique as it is rapid and reasonably cost-
effective (Xiao-he et al., 2011) and Kareru et al. (2008) have detected saponins directly
in crude root powder of Entada leptostachya using FT-IR without prior chemical
preparation. Wedge et al. (2009) determined phthalides and monoterpene hydrocarbons
to be good systematic chemical fingerprints for Angelica sinensis and Angelica
archangelica root oils and by chemical profiling using GC-MS of A. sinensis, they were
also able to confirm the misidentification of one A. archangelica sample sold in the
Chinese market. HPTLC fingerprints have been used to compare and estimate the
berberine contents in root and stem barks of three Berberis species (Andola et al.,
2010b).
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1.3 Statement of the problem

Diseaes caused by helmintic parasites in livestock have continued to be a major
productivity and reproductivity constraint. This has led to huge economic losses all over
the world due to the sub-clinical or chronic nature of diseases they cause. Loss of
livestock due to helminth and helminth-related ailments continue to be a major cause of
inter-communal conflicts as they try to recover such losses. Helminthes have also shown
a great deal of resistance towards the three classes of synthetic anthelmintic drugs
worldwide leading to reduction in effectiveness of the available anthelmintics. The
synthetic drugs are also toxic towards the animals and the drug administrators, expensive
and sometimes beyond reach of most rural SHF and pastoralists. In Kenya, adulteration
and drugs with inadequate amounts of active ingredients have also encouraged drug
resistance. Emergence of drug-resistant strains of nematodes is an additional constraint
to effectiveness of anthelmintics. Herbal alternatives to the synthetic drugs could lead to
novel herbal formulations which could help eradicate this problem.

1.4 Justification of the study

Livestock production is one of the main economic activities for rural people both in the
arid and semi-arid areas in Kenya. The economic loss due to helminthes infestation in
goats alone was estimated at US$ 26 million (Kareru, 2008). In other parts of the world,
for example U.S.A., helminthiasis has also been reported to contribute to economic
losses. The major hindrance to economic goat production in this region is reported to be
due to gastrointestinal nematodes (GIN), particularly Haemonchus contortus (Prichard,
1994). The average prices of the conventional anthelmintics in the market are too
expensive for the SHFs and pastoralists to sustain subsequent treatments. Besides,
synthetic anthelmintics are known to be toxic and long use and poor administration leads
to resistance. The synthetic drugs have also been shown to interfere with the immunity
mechanism of ruminant animals (Kareru, 2008). The conventional drugs are not availed
in the market from time to time at the most needed time, causing an erratic drug
administration schedule to the farmer. Additionally, in Kenya, adulteration of synthetic

drugs has become common practice (Githiori, 2004).
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Long historical use of many practices of traditional medicine, including experience
passed on from generation to generation, has demonstrated the safety and efficacy of
traditional medicine (WHO, 2000). However, this ethnomedical knowledge has not been
adequately validated scientifically while commercial utilization of data from such
research is almost non-existant. Ethnoveterinary use of Entada leptostachya and Albizia
anthelmintica as an anthelmintic is evident but this knowledge has not been
scientifically validated. Ethnoveterinary use of Prosopis juliflora has not been
established and it presents new scientific work on this plant in validating it as an
anthelmintic. Due to the challenges such as high cost, drug resistance, erratic
availability, adulteration and high toxicity profiles experienced with chemical
anthelmintics, investigation of these three plants as anthelmintics will help come up with
equally (if not better) herbal alternatives with minimal, if any, challenges experienced by
chemical anthelmintics. Tapping into this knowledge can give novel herbal alternatives

that are cheaper and readily available.

1.5  Hypothesis
The herbal anthelmintic preparation from Entada leptostachya, Prosopis juliflora and
Albizia anthelmintica does not have better anthelmintic properties than Albendazole. It

is also not safer and more affordable.
1.6 Objectives

1.6.1 General objective
To formulate and evaluate a herbal anthelmintic mixture preparation from two most
active plants of the three plants, Entada leptostachya, Prosopis juliflora and Albizia

anthelmintica and to assess its anthelmintic activity in ruminant animals.

1.6.2 Specific objectives
1. To determine in vitro anthelmintic activities of Entada leptostachya, Prosopis
juliflora and Albizia anthelmintica plant extracts and their extract mixtures using

egg hatch inhibition assay (EHI).
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2. To determine acute oral toxicity of the most active extract mixture from two of
the plants, Entada leptostachya, Prosopis juliflora and Albizia anthelmintica,
using Wistar albino rats.

3. To determine the anthelmintic activity and safety of the most active extract
mixture through in vivo studies using sheep.

4. To determine the chemical and spectroscopic profiles (IR and UV) of most active

individual plant extracts and the formulated herbal anthelmintic preparation.
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CHAPTER TWO
2.0 MATERIALS AND METHODS

2.1  Study site
The plant materials were collected from Embu and Mbeere areas (Entada leptostachya,
Albizia anthelmintica) and Marigat area (Prosopis juliflora) of Baringo County. The
research was conducted in JKUAT Chemistry, Zoology, Botany and Biochemistry

laboratories.

Plate 2.1: Map of Embu County (green) at latitude 0°31'52"'S, longitude 37°27'02"E
and Baringo County (red) at latitude 0.47°N, longitude 35.97°E (Source: Google
maps)

2.2  Ethical clearance

No human subjects were used. The intended end user of the herbal anthelmintic product
(sheep) was not put into the study until toxicity tests using OECD UDP guidelines were
conducted on the herbal extract mixture of interest to avoid unnecessary suffering and
mortalities of the animals. The research was conducted in accordance with JKUAT
guidelines on animal use and care (see ethical approval letter in Appendix V) and the

internationally accepted guidelines (OECD guidelines) on laboratory animal use and
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care. All the rats used in the experiment were humanely handled before, during and after
the tests. They were humanely sacrificed by euthanizing using carbon dioxide gas

inhalation in a closed chamber before pathological procedures.

The community, through the traditional healers (THSs), were involved through informal
verbal interviews while collecting information on the plants and during collection of the
plant material. They were also informed of the expected benefits from the research so
that they can make full use of the invention to benefit the society as a whole. All herbal
plant material was authenticated by a taxonomist and voucher specimen numbers

deposited at JKUAT Chemistry and Botany laboratories.

2.3  Experimental design and procedures

: . Screening Selection of
Collection Preparation of extracts most active
and of solvent for in vitro extracts and
preparation and aqueous anthelmintic preparation of
of medicinal extracts activity o
plant extracts
material

Screening of mixed

Screening of the extracts for in vitro

C Acute oral anthelmintic activity
mixed extract for toxicity tests on
e most active
anthi!m;ntlc mixed extract
activity Selection of most
active mixed
extract

Determination of the
fingerprint profiles of
the herbal drug

Figure 2.1: Schematic representation of the experimental design
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2.3.1 Collection and preparation of medicinal plant material

Root barks of Entada leptostachya Harms and stem barks of Albizia anthelmintica were
collected from Embu and Mbeere areas of Kenya while Prosopis juliflora leaves were
collected from Marigat area of Baringo County, Kenya. The plants were identified by a
herbalist in the field and authenticated by a plant taxonomist from Botany laboratory in
J.K.U.A.T.. They were then given correct botanical names. Authentic voucher specimen
numbers En-jkuat/092010, Al-jkuat/092010 and Pro-jkuat/092010 (for E.
leptostachya, A. anthelmintica and P. juliflora respectively) were given to the plant
samples and voucher specimens deposited at the J.K.U.A.T. Botany laboratory. The
applicable sample specimen parts were sorted, cleaned using tap water to remove
adhering soil and other foreign matter and air dried at room temperature with
intermittent turning for about three weeks on the laboratory benches away from direct
sunlight. Once dry, the sample specimens were ground to a powder using an electric mill
(manufactured by J.K.U.A.T. Mechanical Engineering Department) and the various
specimen parts separately stored in air-tight plastic bags for further use to avoid contact

with moisture.

2.3.2 Preparation of solvent and aqueous plant extracts

Ethanol extracts were prepared by soaking 50g of each of the three plant powders in
500ml of distilled ethanol for 72 hours. The ethanol extracts were then filtered under
vacuum using a Buchner funnel and concentrated under vacuum using a rotary
evaporator (BUCHI Rotavapor R-200) at 40°C. The concentrates were then dried under
vacuum and their weights determined. The extracts were then stored at -4°C until
needed for bioassay. For aqueous extracts, 2g of each of the three plant powders were
stirred in 100ml of hot, distilled water for one hour and then left to cool at room
temperature and filtered through cotton wool. The aqueous solutions were used fresh and
were not crystallized and were prepared moments before bioassay. The concentrations
and doses of the aqueous extracts were based on weight of crude plant powders per

volume.
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2.3.3 Screening of the plant extracts and their mixtures for in vitro anthelmintic
activities using egg hatch inhibition assay (EHI)

2.3.3.1 Nematode egg recovery

Nematode egg recovery was carried out using simple salt floatation method (Hansen and
Perry, 1994) with a few modifications. Fresh droppings from a herd of grazing sheep
and goats, initially determined to be naturally infected with mixed nematode species
using salt floatation method, were collected and put in an opaque, air-tight polythene bag
and taken to the laboratory. The droppings were well mixed by shaking inside the
polythene bag and 60g weighed into a 5-liter bucket. One liter of brine solution
(floatation fluid) was prepared using normal table salt and distilled water. A little brine
solution was added into the weighed feacal sample and the mixture homogenized into a
smooth paste using a wooden puddle. The rest of the brine solution was added with
thorough mixing and the feacal suspension stirred for about five minutes. The
suspension was then sieved through two tea strainers into another 5-liter bucket and this
done again for the second time to reduce as much feacal particles as possible. The feacal
suspension was swirled and transferred into two half-liter glasses to form a convex
meniscus on both. Two glass panes were gently placed on top of the glasses and left to
stand for about 20 minutes. Goodwin’s solution was prepared by dissolving 4.25¢g of
NaCl and 0.5g of glucose in 50ml of distilled water and this was used as egg diluent and
physiological solution. After 20 minutes, the glass pane covers were carefully lifted so
that the first drop adhering to them was transferred into a 50ml measuring cylinder. A
teat-dropper was used to carefully wash-off the adhering nematode solution from the
glass panes into the measuring cylinder using the Goodwin’s solution. The solution was
topped up to 10ml using the Goodwin’s solution. The solution was swirled well and 5uL
of the egg solution transferred onto three separate microscope slides using a
micropipette and cover slips placed on each of them. The eggs on each slide were
carefully identified (see Plate 2.2) and counted and the average number of nematode
eggs recorded. The average egg count was equated to the stock egg solution (10ml) and

the concentration of the nematode eggs in the stock solution adjusted accordingly by
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diluting using Goodwin’s solution. The nematode egg solution was used while fresh for
the in vitro studies. The nematode species present were identified and generally
determined to be a mixture of Haemonchus spp., Trichostrongyle spp. and

Oesophagostomum spp..

a b

Plate 2.1: a-mixed nematode Paramphistomum and Strongyle eggs and b-iodine-
stained Strongyle egg seen under a microscope (X10) using a 14mp camera
(Fujifilm, 3X zoom)

2.3._3._2_Testing of ethanolic and aqueous plants extracts for in vitro anthelmintic
activities

The nematode egg solution was adjusted to 16 eggs per 5uL of egg solution using
Goodwin’s solution. Egg hatch inhibition assay was done following a method by Thoithi
et al. (2002) with slight modifications. The stock egg solution was homogenized by
swirling, each time before drawing, and five microliters (5uL) of the egg solution
measured into each well of a well labelled 96-well microtitre plate using a micropipette.
Hundred microliters (100uL) of the plant extracts at the various graduated
concentrations (0.5, 1.0, 2.0 and 6.0mg/ml) were then added. Distilled water and 5%
ethanol/DMSO solution (v/v) were used as negative controls for aqueous and ethanolic
extracts respectively. The anthelmintic activities of the plant extracts were compared to
albendazole at the same concentration range. The experiment was done in triplicate. The
hatched eggs were then counted in each of the wells under a microscope (X10) after 48
hours and the anthelmintic activities of aqueous and ethanolic extracts as egg hatch
inhibitions were reported. The LCs, of the individual plant extracts in the two solvents
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were determined and these were used to determine the two most active plant extracts
from each of the solvents. A test of significance between the mean activity parameters
was done between each of the individual plants across the solvent media and the most
active extract between aqueous and ethanolic extracts determined and reported. The
aqueous extracts of E. leptostachya and P. juliflora were found to be the most active
extracts from their anthelmintic activities and these were used to prepare extract

mixtures.

2.3.3.3 Preparation of plant extract mixtures

Fresh aqueous extracts of E. leptostachya and P. juliflora were separately prepared as
done in section 2.3.2. The fresh extract solutions were used to prepare extract mixtures
of the following E. leptostachya:P. juliflora ratios: 1:2, 1:3, 1:4, 1.5, 1.6, 1:7, 1:8, 1.9,
2:1, 3:1, 41, 5:1, 6:1, 7:1, 8:1, 9:1 and 1:1 (see Plate 2.3). The stock solutions of the
various mixture ratios were used to prepare serially diluted concentrations of 0.4, 0.8,
1.6 and 3.2 mg/ml. The fresh mixture extracts were then tested for anthelmintic activity

using the egg hatch inhibition assay.

Sigmai.x g

Plate 2.2: Extraction of individual plant aqueous extracts (c) before mixing into
various ratio mixtures of stock solutions (d)
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2.3._3._4 Screening of the aqueous plant extract mixtures for in vitro anthelmintic
activity

Fresh nematode eggs were recovered as done in section 2.3.3.1. The nematode egg
solution was adjusted to 24 eggs per SuL of egg solution using Goodwin’s solution. The
egg hatch inhibition assay was done following a method by Thoithi et al. (2002) with
slight modifications. Five microliters (5uL) of the egg solution was measured into each
well of a 96-well microtitre plate. Hundred microliters (100pL) of the plant extract
mixtures at the various graduated concentrations (0.4, 0.8, 1.6 and 3.2mg/ml) were then
added. Distilled water was used as negative control. The anthelmintic activities of the
plant extract mixtures were compared to albendazole at the same concentration range.
The experiment was done in triplicate. The hatched eggs were then counted in each of
the wells under a microscope (X10) after 48 hours and the anthelmintic activities of
aqueous plant extract mixtures as egg hatch inhibitions were reported. The LCs of each
plant extract mixture ratio was determined and reported and the most active plant extract

mixture ratio determined.

2.3.4 Safety determination of most active plant extract mixture using acute oral
toxicity tests

The most active extract mixture was taken through acute, oral toxicity test to establish its
safety based on single dose administration. Standard procedures using OECD 425
guidelines (Up-and-Down procedure) were followed (OECD, 2001) with minor,
selective additional data on biochemical analysis and relative organ weights. The main
test was performed at a starting dose of 175 mg/kg b.w. as no toxicity data for the herbal

mixture existed in literature or was documented.

Seven adult female Wistar albino rats (including one control), 10-12weeks old and
weighing 165-196g, were used in the study. The rats were procured from Zoology
Department animal house of Kenyatta University at the age of between 7-9 weeks. The
rats were left to acclimatize in their cages (bedded with wood shavings) for three weeks

with ad libitum access to food (standard commercial rat pellets from Unga Feeds
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Limited, Kenya) and tap water. Twelve hours artificial lighting and 12 hours darkness
sequence was followed. The rats were uniquely marked on their tails for easy individual
identification using permanent ink and fasted overnight with ad libitum access to water
and weighed prior to dosing with the extract mixture. A constant volume of 2 ml per rat
based on a single dose was maintained while varying the concentration of the extract
mixture using the equation:

Dose rate (mg/kg b.w.) X Body weight (kg)

Concentration (mg/ml) = Volume (ml)
A dose progression factor of half log (equivalent to 3.2) was followed with a starting
dose of 175 mg/ml. Food, but not water, was withheld for a further three hours after
dosing and any toxicity signs noted during the first 30 minutes and then hourly for the
next six hours. Individual observations were made daily for the next 48 hours for any
signs of pain such as crouching or writhing or enduring distress, being moribund or
mortality before dosing the next animal. Each rat was then observed on a daily basis for
14 days and each rat weighed once weekly and at the end of the study. The dose
progression sequence and LDsy estimate in toxicity testing was done using

AOTA425statpgm (version 1) program software.

Each rat was humanely sacrificed at the end of the study by euthanizing it using carbon
dioxide gas in a closed desiccator. Fresh blood samples were obtained by cardiac
puncture (see Plate 2.4) using a needle and syringe into blood sample tubes containing
EDTA (anticoagulant) and the biochemical parameters recorded using an autoanalyzer
using assay kits from Roche diagnostics, GmbH, Mannheim, Germany. The lungs,
spleen, kidneys and liver were immediately weighed on an electronic balance and their

weights recorded. The toxicity results of the mixture ratio were then reported.
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Plate 2.3: Drawing blood for biochemical screening from one of the experimental
rats by cardiac puncture

2.3.5 Screening of the most active plant extract mixture for in vivo anthelmintic
activity and safety

Following the results of the toxicity tests, the in vivo anthelmintic activity of the most
active plant extract mixture was determined to evaluate its efficacy using feacal egg
count percent reduction (FECR) test. Naturally infected sheep were used for these tests.
Documented standard procedures were used (Lateef et al. 2003; 2006; Sujon et al.,

2008; Krimpen et al., 2008) with a few modifications.

2.3.5.1 Sourcing, housing and grouping of animals

Twenty sheep (male and female stock of 6-12 months) weighing between 13-26.5 kg
were bought from Kariobangi livestock market in Nairobi. They were transported to
J.K.U.A.T. and left to graze and acclimatize for one month. The shed that was used for

housing the sheep is shown in Plate 2.5.
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Plate 2.4: Outside view of the shed used to house the experimental sheep at
J.K.U.A.T.’s Zoology department animal farm

The sheep were housed in a pre-designed animal shed in the university’s animal farm
consisting of five cubicles and a feed storage cubicle with each cubicle having a meshed
window for ventilation and raised wooden floor, a wooden feeding trough and watering
bucket. The sheep were then grouped according to the various test concentrations of
500mg/kg, 1,500mg/kg and 4,500mg/kg b.w. for the extract treatment groups, 10mg/kg
b.w. for the treated control group (Albendazole) and untreated control group. Each group
consisted of two males and two females. The sheep were randomly selected and
assigned to the various groups so that the individual weights in each group were as close
as possible. There was no physical contact between sheep from different cubicles (Plate
2.6).
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Plate 2.5: Some of the experimental sheep grouped in one of the cubicles (note the
partitions used to avoid physical contact between animals in adjacent cubicles)

2.3.5.2 Pre-treatment procedure

The sheep were left to acclimatize in the cubicles for about 2 days. The sheep were fed
on commercial feed supplemented with grass and they had ad libitum access to tap
water. Feacal samples from each group were collected and egg count per gram (EPG) of
their fresh feacal samples determined to confirm that the sheep were naturally infected
with mixed species of worms. The infected sheep were then regrouped again so that each
group had low, medium and highly infected sheep. The sheep were then given unique
individual identifications on laminated paper wound on their necks (Plate 2.7).
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Plate 2.6: Individual identification on experimental sheep

2.3.5.3 Treatment procedure

The fresh crude aqueous extract mixture and positive control (albendazole) were diluted
in distilled water in graduated doses of 500mg/kg, 1,500mg/kg and 4,500mg/kg b.w. for
the aqueous extract mixture and 10mg/kg b.w. for the positive control. The sheep were
fasted overnight with ad libitum access to water. On day O, the sheep were weighed
using an overhead spring balance (0-50kg scale), fresh feacal samples collected directly
via rectum into clean, capped, air-tight plastic sample containers (Plate 2.8) ready for

EPG counting. Fresh blood sampling was done directly from the sheep’s ear capillary
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into heparinized microhaematocrit tubes ready for packed cell volume (PCV)
determination (Hansen and Perry, 1994). The sheep were then treated with single doses
of the crude extract mixture according to the animals’ live body weights (LBWSs) by

varying the volume using the following equation:

Dose rate (mg/kg b.w.) X Body weight (kg)
Concentration (mg/ml)

Volume (ml) =

The sheep dosing was followed by further withdrawal of food for about 3 hours with ad
libitum access to water and then fed with commercial feed supplemented with grass with

ad libitum access to water.

Fresh feacal samples were obtained from the sheep each morning via rectum on day 3, 7,
11, 15 and 19 post-treatment and screened for presence of nematode eggs by salt

floatation technique and the EPG determined (Hansen and Perry, 1994).

e f

Plate 2.7: e-Fresh feacal samples in air-tight sample bottles; f-Freshly prepared
nematode egg solution ready for EPG counting
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The eggs were observed and counted using a modified McMaster egg counter with a
sensitivity of 50 eggs per gram of feaces and feacal egg count percent reduction (FECR)

calculated using the following formula:

Pre—treatment egg count per gram— Post —treatment egg count per gram
Pre—treatment egg count per gram

%FECR =

Individual live body weights of the animals were taken on day 3, 7, 11, 15 and 19 using
an overhead spring balance (0-50kg scale) and PCV also determined on day O and day
19. Plate 2.9 shows the centrifuged blood samples with the dark red section showing the

packed cell content while the clear part showing the plasma.

Plate 2.8: Centrifuged fresh blood samples (at 12,000 r.p.m.) from the sheep in
labelled microhaematocrit tubes resting on a centrifuge plate for PCV
determination
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2.3.6 Determination of chemical and spectroscopic profiles of the individual
plants and formulated herbal anthelmintic drug

Fingerprint profiles of crude saponin extracts from E. leptostachya and P. juliflora and
their formulated active drug mixture were determined. Standard documented methods
were used to get the chemical and spectroscopic profiles of the crude saponin extracts of
the individual plants and their mixtures (Kareru, 2008; Obadoni and Ochuko, 2001;
Sasidharan et al., 2010a,b) with a few modifications. Each experiment was carried out in
triplicate.

2.3.6.1 Extraction of crude saponins

Two sets each of 5g of E. leptostachya and P. juliflora crude plant powders were cold
macerated in 50ml n-hexane for at least 72hrs until the filtrate was clear. The plant
powder residues were then each soaked in 40ml of 20% aqueous ethanol. The extraction
was done with frequent shaking in a water bath at 55°C for 1 hour and this was repeated
thrice until the filtrate was clear. The residues were discarded and the combined
ethanolic extracts evaporated in a water bath up to 20ml. At this point, one set of the E.
leptostachya and P. juliflora aqueous ethanolic extracts was used to prepare the
formulated mixture ratio. After cooling, the aqueous ethanolic extracts were transferred
into 50ml and 100ml separating funnels and 5ml of ethyl acetate added into each of the
funnels, corked and well shaken and left to settle overnight. The aqueous layer from
each funnel was recovered into 50ml beakers, the organic layer discarded and the
aqueous layer put back into the separating funnels. The aqueous layers were each
partitioned using 15ml of n-butanol for four successive times, each n-butanol layer being
recovered into a corked 100ml conical flask until the aqueous layer became clear. The
combined n-butanol extracts were each washed with 2.5ml of 5% aqueous NaCl. Two
hundred and fifty millilitres beakers were cleaned and dried in the oven at 105°C for 1
hour and left to cool in a desiccator. Each of the beakers was then weighed on an
analytical balance. Each of the remaining organic solution was recovered into these
beakers and labelled. The extracts were heated on a water bath (with a shaker) at 90°C to
dryness (Obadoni and Ochuko, 2001; Kareru, 2008).
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2.3.6.2 Gravimetric quantification of the crude saponin extracts

The crude saponin extracts were dried in the oven at 105°C for 1 hour and left to cool in
a desiccator before recording the combined weights of the extracts and the beakers. The
extracts were re-dried in the oven at 105°C, each time for one hour, and the combined
weights of extracts and beakers recorded until a constant weight was achieved and the
percentage crude saponin content of the samples in triplicate computed. The crude
saponins were then confirmed. One milligram of dry, crude saponin extract was
dissolved in 5ml 20% ethanol in a clean conical flask and topped up with distilled water
to 10ml. The flask was shaken. Formation of foam confirmed they were saponins. A
drop of olive oil was added in the saponin solution and the mixture vigorously shaken.

Formation of an emulsion further confirmed they were saponins (Kareru, 2008).

2.3.6.3 Infrared (FT-IR) fingerprints (spectra) of the crude saponin samples

The crude saponin extracts were dried in the oven at 105°C for 1 hour and left to cool in
a desiccator. Each of the crude saponin extracts (1mg) was mixed with 25mg of dry
spectroscopic grade potassium bromide and mixed by grinding using mortar and pestle
and compressed into a thin pellet. This was done in triplicate and the infrared spectra
then recorded using a Shimadzu infrared spectrophotometer, 8000 series as KBr pellets
(Kareru, 2008; Sasidharan et al., 2010a,b).

2.3.6.4 Ultraviolet (UV) fingerprints of the crude saponin samples

The crude saponin extracts (1mg) were dissolved in 5ml of 20% aqueous ethanol. The
UV spectra were recorded at between 190 and 600nm using a Shimadzu (UV-1800
series) UV recording spectrophotometer equipped with a UV detector (Kareru, 2008).
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CHAPTER THREE
3.0 RESULTS AND DISCUSSION

3.1  Extraction yields

The mean percentage extraction yields of crude ethanolic extracts from Entada
leptostachya, Prosopis juliflora and Albizia anthelmintica are recorded in Figure 3.1.
Each of the yields was derived from a mass of 50g of crude plant powder and a sample

size, n=3 for each plant extract.

Entada leptostachya gave the highest crude extract yield (11.39%) while Albizia
anthelmintica gave the lowest yield (5.24%). The higher yield of Entada leptostachya
compared to P. juliflora and A. anthelmintica could possibly be as a result of its roots

having more phytochemical principles whose polarity corresponds to that of ethanol.

12.00 ~ 11.39%
10.00 -

8.00 -

6.95%

6.00 -

5.24%

Percentage yield

4.00 -

2.00 -

0.00 -
Entada leptostachya Prosopis juliflora  Albizia anthelmintica

Plant sample

Figure 3.1: Mean percentage (w/w) yields (n=3) of ethanolic extracts of E.
leptostachya, P. juliflora and A. anthelmintica
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Kareru (2008) got a methanolic extract yield of 5.30% (w/w) from the roots of E.
leptostachya. Wamburu et al. (2013) got an ethanolic extract yield of 6.94% from the

leaves of P. juliflora.

3.2 In vitro anthelmintic activities of ethanolic and aqueous plant extracts and
their mixtures using egg hatch inhibition assay

3.2.1 In vitro egg hatch inhibition results of Entada leptostachya and Prosopis
juliflora

Mixed nematode eggs containing Haemonchus spp., Trichostrongyle spp. and
Oesophagostomum spp. were recovered from fresh feacal samples and used for EHI

assay.

The plants’ ethanolic and aqueous extracts generally showed concentration-dependent
anthelmintic activities in inhibiting egg hatching (Figure 3.2 and Figure 3.3). From
Table 3.1, of the three plants, aqueous extract of Prosopis juliflora showed the highest
anthelmintic activity (LCs=0.153 mg/ml) while aqueous extract of Albizia

anthelmintica showed the least activity (LC50=0.594 mg/ml).

There were no significant differences (P>0.05) in the activities of the plant extracts
compared to albendazole (LCs0=0.245 mg/ml) except with aqueous extract of Prosopis
juliflora which showed significantly higher activity (P<0.05) than albendazole (Table
3.2). P. juliflora aqueous extract showed a consistently higher percentage egg hatch
inhibition compared to the other plant extracts and control at all concentration levels

except at 6 mg/ml.

There was also high positive correlation (R?) of the activities of the extracts when
compared to albendazole as shown in Table 3.2. This shows that the in vitro
anthelmintic activities of the test plants compared very well with albendazole. A
comparison between the anthelmintic activities of both ethanolic and aqueous extracts of
E. leptostachya (0.317mg/ml, 63.53+39.16%) and A. anthelmintica (0.330mg/ml,
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62.35+£37.52%) (Table 3.2) showed significantly higher anthelmintic activities (P<0.05)
of their ethanolic extracts.

120 -
.§100 1 —Entada
'S leptostachya
% 80 - Prposopisjﬁliflora
< 60 - —— Albizia
5__‘3’ anthelmintica
S 40 - I —— Albendazole
?
X 20 -

0 T T T 1

0.5 1 2 6
Concentration of plant extracts (mg/ml)

Figure 3.2: In vitro egg-hatch inhibition assay of ethanolic extracts from Entada
leptostachya, Prosopis juliflora and Albizia anthelmintica at various concentrations
(mg/ml)
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Figure 3.3: In vitro egg-hatch inhibition assay of aqueous extracts from Entada
leptostachya, Prosopis juliflora and Albizia anthelmintica at various concentrations
(mg/ml)
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Table 3.1: LCs values of ethanolic and aqueous extracts from Entada leptostachya,
Prosopis juliflora and Albizia anthelmintica from EHI assay

95% confidence limits for concentration (mg/ml)

Plants and control LCso Lower boundary  Upper boundary
E. leptostachya (Et) 0.317 0.168 0.498
P. juliflora (Et) 0.251 0.127 0.401
A. anthelmintica (Et) 0.330 0.178 0.509
E. leptostachya (Aq) 0.323 0.194 0.489
P. juliflora (Aq) 0.153 0.071 0.284
A. anthelmintica (AQ) 0.594 0.378 0.881
Albendazole 0.245 0.119 0.400

Key: Et=ethanolic, Agq=aqueous

A comparison between both aqueous and ethanolic extracts of E. leptostachya and the
other plants (Table 3.3) showed that no significant differences in the activities (P>0.05)
were observed except with aqueous extract of A. anthelmintica where A. anthelmintica

aqueous extract exhibited lower anthelmintic activity (P<0.05).

From Table 3.3, both aqueous and ethanolic extracts of A. anthelmintica were
significantly less active (P<0.05) compared to aqueous extract of P. juliflora.
Anthelmintic activity of ethanolic extract of P. juliflora was higher than that of the
aqueous extract of A. anthelmintica (P<0.05). Anthelmintic activities of ethanolic
extracts of E. leptostachya and P. juliflora were not significantly different (P>0.05)

when each of them was compared to A. anthelmintica ethanolic extract.

Based on their LCs, values seen on Table 3.1 and test of significance of their mean egg
inhibitions on Tables 3.2 and 3.3, the aqueous extracts of E. leptostachya (0.323mg/ml,
60.90+£37.77%) and P. juliflora (0.153mg/ml, 73.81+41.42%) were determined as the
most active in inhibiting hatching of the mixed nematode eggs. The justification of

choosing the aqueous extract of E. leptostachya to its ethanolic extract despite the
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anthelmintic activity of its ethanolic extract being higher (P<0.05) was based on the fact
that from Table 3.3, the activity of aqueous extract of E. leptostachya was comparable
to that of aqueous extract of P. juliflora (P>0.05). The aqueous extract of P. juliflora
was comparable to its ethanolic counterpart (P>0.05) as seen earlier. However,
significantly higher activity (P<0.05) of aqueous extract of P. juliflora compared to
Albendazole (Table 3.2) justified the choice of the aqueous extract of P. juliflora and
although there were no significant differences (P>0.05) with its ethanolic analogue, P.

juliflora ethanolic extract was only comparable to Albendazole (P>0.05).

Table 3.2: EHI assay correlations of ethanolic and aqueous extracts from Entada

leptostachya, Prosopis juliflora and Albizia anthelmintica

. % mean eggs Total eggs 2
Sample/Control comparison inhibited (S.D.) used (R
(Mean)
Pair 1* Entada leptostachya ethanolic 63.53+39.16 12.65 0.994
Entada leptostachya aqueous 60.90+37.77 13.27 '
Pair 2 Prosopis juliflora ethanolic 64.71+41.86 13.25
Prosopis juliflora agueous 73.81+41.42 10.40 0.899
Pair 3* Albizia anthelmintica ethanolic 62.35+£37.52 12.98 0.925
Albizia anthelmintica aqueous 55.36+39.37 11.86 '
Pair 4 Entada leptostachya ethanolic 63.53+£39.16 12.65 0.941
Albendazole 66.45+38.49 12.73 '
Pair 5 Prosopis juliflora ethanolic 64.71+41.86 13.25 0.863
Albendazole 66.45+38.49 12.73 '
Pair 6 Albizia anthelmintica ethanolic 62.35+£37.52 12.98 0.976
Albendazole 66.45+38.49 12.73 '
Pair 7 Entada leptostachya aqueous 60.90+37.77 13.27 0.951
Albendazole 66.45+38.49 12.73 '
Pair 8* Prosopis juliflora aqueous 73.81+41.42 10.40 0.975
Albendazole 66.45+38.49 12.73 '
Pair 9 Albizia anthelmintica aqueous 55.36+39.37 11.86 0.824
Albendazole 66.45+38.49 12.73 '

* Paired means are significantly different (P<0.05)

A. anthelmintica aqueous extract was significantly less potent (P<0.05) than both
aqueous and ethanolic extracts of E. leptostachya and P. juliflora and was eliminated on
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that basis (Table 3.3). While ethanolic extract of A. anthelmintica was comparable
(P>0.05) to ethanolic extracts of E. leptostachya and P. juliflora (both of which were
also comparable, P>0.05) in Table 3.3, the aqueous extract of P. juliflora was
significantly more active than ethanolic extract of A. anthelmintica P<0.05) and hence P.
juliflora aqueous extract was still a more potent choice considering it was also
significantly active (P<0.05) than Albendazole (Table 3.2). Ethanolic extracts of E.
leptostachya and P. juliflora were, however, not significantly more active than
Albendazole (P>0.05).

Table 3.3: EHI assay correlations of ethanolic and aqueous extracts from Entada
leptostachya and Prosopis juliflora with extracts of Albizia anthelmintica

% mean eggs

. s Total eggs 2
Sample/Control comparison |r(12|8bge)d used (Mean) R
Pair 1 Entada leptostachya ethanolic 63.53+39.16 12.65 0.963
Prosopis juliflora ethanolic 64.71+41.86 13.25 '
Pair 2 Entada leptostachya ethanolic 64.71+41.86 12.65
Albizia anthelmintica ethanolic 62.35+£37.52 12.98 0.988
Pair 3 Entada leptostachya aqueous 60.90+37.77 13.27
Prosopis juliflora agueous 73.81+41.42 10.40 0.934
Pair 4* Entada leptostachya aqueous 60.90+37.77 13.27 0.957
Albizia anthelmintica aqueous 55.36+39.37 11.86 '
Pair5 Entada leptostachya ethanolic 63.53+39.16 12.65 0.937
Prosopis juliflora agueous 73.81+41.42 10.40 '
Pair 6* Entada leptostachya ethanolic 63.53+39.16 12.65 0.962
Albizia anthelmintica aqueous 55.36+39.37 11.86 '
Pair 7 Prosopis juliflora ethanolic 64.71+41.86 12.65 0.938
Albizia anthelmintica ethanolic 62.35+£37.52 12.98 '
Pair 8* Prosopis juliflora ethanolic 64.71+41.86 12.65 0.979
Albizia anthelmintica aqueous 55.36+39.37 11.86 '
Pair 9* Prosopis juliflora aqueous 73.81+41.42 10.40 0.833
Albizia anthelmintica aqueous 55.36+£39.37 11.86 '
Pair 10* Prosopis juliflora aqueous 73.81+41.42 10.40 0.955
Albizia anthelmintica ethanolic 62.35+37.52 12.98 '

* Paired means are statistically significantly different (P<0.05)
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Ethanolic extract of A. anthelmintica was eliminated based on that criterion. Water, as
an extraction medium, is unarguably a cheaper solvent for commercial application and
hence, the choice of aqueous extracts for onward formulation of the extract mixtures

between E. leptostachya and P. juliflora.

The anthelmintic activities of the plants under investigation in this study can be
attributed to the presence of phytochemicals antagonistic toward gastro-intestinal
nematodes. The polar phytochemicals in the plants could have been responsible for the

observed in vitro anthelmintic activity (Ademola and Eloff, 2010).

3.2.2 Invitro egg hatch inhibition results of the aqueous plant extract mixtures of
Entada leptostachya and Prosopis juliflora
Mixed nematode eggs containing Haemonchus spp., Trichostrongyle spp. and
Oesophagostomum spp. were determined and used for EHI assay. The plant extract
mixtures generally showed concentration-dependent anthelmintic activities in inhibiting
egg hatching as shown in Figure 3.4 and the table in Appendix I11. From Table 3.4, the
ratio 1:7 showed the highest anthelmintic activity (LCs,=0.370 mg/ml) while the ratio
2:1 showed the least activity (LCs0=2.052 mg/ml). Generally, the ratios where P.
juliflora was in higher proportion exhibited better activity. However, there was no trend

to indicate a rise in anthelmintic activity with rise in P. juliflora proportion in a mixture.
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Figure 3.4: In vitro egg-hatch inhibition assay of the various E. leptostachya:P.
juliflora aqueous mixture ratios at various concentrations (mg/mil)

The ratio 1:7 showed comparable anthelmintic activity to ratios 1:3 (LCs0=0.743 mg/ml,
60.27+38.31%), 1:4 (LCs=0.545 mg/ml, 55.91+33.77%), 1:5 (LCs,=0.398 mg/ml,
59.54+40.33%), 1:9 (LCs0=0.448 mg/ml, 57.65+40.34%) and 5:1 (LCs,=0.638 mg/ml,
53.04+35.94%) but was significantly higher than the rest of the ratios as shown in Table
3.5.

53



Table 3.4: LCs values of various E. leptostachya: P. juliflora mixture ratios from
EHI assay

95% confidence limits for concentration (mg/ml)

Mixtures and control LCs Lower boundary Upper
boundary
1:2 0.595 0.371 0.942
1:3 0.743 0.454 1.195
1:4 0.545 0.345 0.843
1.5 0.398 0.231 0.664
1:6 0.884 0.583 1.334
1:7 0.370 0.227 0.585
1:8 0.712 0.445 1.124
1:9 0.448 0.262 0.747
2:1 2.052 1.407 3.048
31 0.741 0.514 1.054
4:1 0.832 0.574 1.200
5:1 0.638 0.415 0.962
6:1 0.775 0.512 1.165
7:1 0.877 0.566 1.352
8:1 1.093 0.713 1.675
9:1 0.517 0.315 0.832
1:1 0.954 0.712 1.270
Albendazole 0.248 0.158 0.374

There was no significant difference (P>0.05) in the anthelmintic activity of the ratio 1:7
(LC50=0.370 mg/ml) compared to Albendazole (LCs=0.245 mg/ml). There was also a
high positive correlation (R?=0.808) of the activity of the ratio 1:7 when compared to

Albendazole as shown in Table 3.5.

The extract mixture formula 1:7 did not show better anthelmintic activity than
anthelmintic activity of any of the individual constituent plants in the mixture. The
concentration range of the individual plant extracts during the in vitro studies ranged
between 0.5 and 6.0mg/ml while the extract mixture ranged between 0.4 and 3.2mg/ml.
The lower concentration range of the mixture could explain the reason for the observed
anthelmintic activity. However, synergistic, additive or antagonistic forces may have

played a part in the observed anthelmintic activity of the mixture ratio 1:7 although this
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may have been difficult to determine under the differing concentrations. It was,
however, expected that the extract mixture would give better anthelmintic activity than
the individual plant extracts at these lower concentrations and perhaps, future work

could try this at the same concentrations used with individual plant extracts.

The high standard deviation values observed on Table 3.5 are attributed to the wide
range of the nematode egg count of the hatched eggs in each well of the microtitre plate.
It is not practically possible to have nematode eggs equally distributed in each well at
any particular concentration of the plant extract. The S.D. of the EHI values would be
expected to be much lower if equal number of eggs in each well from a single nematode
species were to be used. The observed S.D. were therefore, within the normally expected

range under these particular experimental conditions.

Other similar work on anthelmintic activity of plant extract mixtures has been reported.
An aqueous mixture of Chebulum myrobalans, Belleric myrobalans and Emblic
myrobalans in equal parts (locally known in India as Triphala) was found to possess
better anthelmintic activity than the individual plant extracts alone. This was attributed
to the synergistic action of the three extracts in combination (Zafar et al., 2005; Tandon
etal., 2011).

Table 3.5: Paired sample correlations between the percentage mean egg inhibition
of mixture ratio 1:7 (E. leptostachya: P. juliflora) and other mixture ratios and
albendazole

Sample % mean eggs inhibited Total eggs (R?)

mixtures/control (xS.D)) used (Mean)

Pair 1* 1:2 53.07+£40.32 9.58 0.884
1.7 59.33+43.34 10.65 '

Pair 2 1:3 60.27+38.31 9.18 0.947
1.7 59.33+43.34 10.65 '

Pair 3 1:4 55.91+33.77 9.85 0.832
1.7 59.33+43.34 10.65 '

Pair 4 1.5 59.54+40.33 8.98 0.973
1.7 59.33+43.34 10.65 '
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Sample % mean eggs inhibited Total eggs

2

mixtures/control (xS.D.) used (Mean) (R)

Pair 5* 1:6 49.29+36.29 10.65 0.904
1.7 59.33+43.34 10.65 '

Pair 6* 1.7 59.33+43.34 10.65 0.788
1:8 49.34+33.67 9.32 '

Pair 7 1.7 59.33+43.34 10.65 0.956
1:9 57.65+£40.34 8.92 '

Pair 8* 1.7 59.33+43.34 10.65 0.934
2:1 17.61+13.39 12.38 '

Pair 9* 1.7 59.33+43.34 10.65 0.697
3:1 48.64+38.25 13.32 '

Pair 10* 1.7 59.33+43.34 10.65 0.748
4:1 46.05+34.04 12.32 '

Pair 11 1.7 59.33+43.34 10.65 0827
5:1 53.04+35.94 10.98 '

Pair 12* 1.7 59.33+43.34 10.65 0.776
6:1 48.33+45.27 10.98 '

Pair 13* 1.7 59.33+43.34 10.65 0.681
7:1 45.23+41.49 10.12 '

Pair 14* 1.7 59.33+43.34 10.65 0673
8:1 39.86+33.16 10.05 '

Pair 15* 1.7 59.33+43.34 10.65 0.922
9:1 53.79+37.47 9.38 '

Pair 16* 1.7 59.33+43.34 10.65 0.800
1:1 41.13+28.84 17.25 '

Pair 17 1.7 59.33+43.34 10.65 0.808
Albendazole 69.43+£39.16 14.58 '

* Paired means are significantly different (P<0.05)

3.3 Results of toxicity studies

3.3.1 Clinical toxicological signs
During the entire study, no signs of toxicity were observed after administration of a
single oral dose of agueous mixture ratio 1:7. No signs of pain or enduring distress were

evident during the 14 days (long-term) of observation and no mortalities were observed
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as seen in Table 3.6. The study had to be stopped when no deaths were observed after
three consecutive rats were dosed at the upper bound (5000 mg/kg b.w.). The median
lethal dose (LDsp) was, therefore, estimated at >5000 mg/kg b.w. following the stopping

rule procedure. No delayed behavioural toxicity signs were observed.

Table 3.6: Toxicity test mortality data for the mixture ratio 1:7 (E. leptostachya: P.
juliflora) on rats

Test Animal Dose Short-term Long-term
Sequence ID (mg/kg b.w.) result (48hrs) result (14days)

1 A 175 0] 0]

2 B 550 0] 0]

3 C 1750 0] @)

4 D 5000 0] 0]

5 E 5000 0] @)

6 F 5000 0] 0]

Key: O = Survived

3.3.2 Biochemical data

The effects of the herbal extract mixture 1:7 on the biochemical parameters of the rats
are shown on Table 3.7. The creatinine values obtained from all the animals treated and
the control were similar at <44.2 umol/L which was within the normal range of between
15-61 pumol/L for experimental rats (Wamburu et al., 2013). This implies that none of
the rats suffered from impaired renal functioning. Creatinine is a major by-product
(chemical waste) of energy usage in the muscles (metabolism) through a biological
system involving creatine, phosphocreatine (creatinine phosphate) and adenosine
triphosphate (ATP), which is the body’s immediate energy supply. Creatinine is chiefly
filtered out of the blood by the kidneys, with little or no tubular reabsorption of
creatinine. Creatinine blood levels rise if the kidney filtering process is deficient and this

is a reliable indicator of kidney malfunction/impaired function.
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The alanine aminotransferase (ALT) values for all the animals apart from the control
were within range of 35-80 U/L (Research Animal Resources, University of Minnesota,
2013) for experimental rats. Low ALT levels in the control may indicate a normal
healthy liver or a low/non-functioning liver which may fail to release a lot of ALT into
the blood. A high level of ALT in the blood usually signifies liver cell damage (Agbaje
et al., 2009). ALT is found mainly in the liver, but also in smaller amounts in the

kidneys, heart, muscles and pancreas (Penlap et al., 2010).

Aspartate aminotransferase (AST) values were within range of 65-203 U/L for
experimental rats (Giknis and Clifford, 2008) for all the rats apart from two rats in the
5000mg/kg b.w. category. AST is also a hepatic health/function indicator but may also
be used to assess damage in the heart and cell necrosis of many tissues (Agbaje et al.,
2009). A mild elevation of AST level has been associated with liver injury or myocardial
infarction. The amount of AST in the blood is directly related to the extent of the tissue
damage.

An AST/ALT ratio is sometimes useful in differentiating causes of tissue damage. A
typical myocardial infarction gives an AST/ALT ratio greater then 1 while an AST/ALT
ratio less than 1 is due to liver injury and AST/ALT of more than 2 indicates alcoholic
hepatitis or cirrhosis (Mounnissamy et al., 2010). The AST/ALT ratio (>2) for the rats in
upper-bound doses indicate possible plant extract-induced liver cirrhosis as the cause of
elevated AST levels. However, macroscopic observation of the organs from the two
animals did not show any form of inflammation, colour consistent with cirrhosis or
abnormal texture. The AST levels were consistently higher than the ALT levels which
was expected since the body cells contain more AST than ALT. Since ALT is localized
mainly in cytosol of hepatocytes, this enzyme is considered a more sensitive marker of
hepatocellular damage than AST (Aniagu et al., 2005; Mounnissamy, 2010; Penlap et
al., 2010). Toxin-induced hepatocellular damage is caused by leakage of cytosolic
enzymes out of the cells due to increase in cell permeability, membrane damage and cell

necrosis (Kumar and Mishra, 2009). Cell permeability, and hence the cellular leakage,
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could be caused by saponins which combine with membrane-associated sterols reducing
the membrane integrity (Geidam et al., 2007; Ademola et al., 2008; Ademola and Eloff,
2010).

Table 3.7: Effect of treatment of rats with mixture ratio 1:7 (E. leptostachya:P.
juliflora) on biochemical parameters

Dose (mg/kg b.w.)

Parameter Control 175 550 1750 5000 5000 5000

Creat. (umol/L) <44 <44 <44 <44 <44 <44 <44

ALT (U/L) 18.5 66.6 38.1 63.3 44.4 73.5 36.6
AST (U/L) 110 67 152 82.1 423 336 148

AST/ALT ratio 5.9 1 4 1.3 9.5 4.6 4

3.3.3 Changes in organ and live body weights

There were no major differences in the gross pathological parameters in the study. In
Figure 3.5, the lung weights of the rat in control and one rat in upper bound were the
only conspicuously visible outliers. There were no major deviations in the other organ
weights compared to control. The slight differences in liver and spleen weights could not
be directly attributed to any internal pathological processes. Macroscopic examination of
the organs showed no changes in colour and texture or any visible inflammation

compared to the control.
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Figure 3.5: Internal organ weights of rats after acute oral administration of herbal
extract mixture ratio 1:7 (E. leptostachya:P. juliflora)
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Figure 3.6: Effect of herbal extract mixture ratio 1:7 (E. leptostachya:P. juliflora)
on live body weights of rats in grams between day 0 and day 14 after treatment
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Generally, the animals had progressive weight gains (Figure 3.6 and Table in Appendix
IV). The progressive weight gains indicate positive growth response. The treated rats
generally showed higher percentage weight gains from day 0 compared to control (Table

in Appendix V).

In this study, the saponins determined in this study and other constituent phytochemicals
determined in literature in the extract mixture may not have had any or may have had
very minimal negative effects on the internal vital organs to produce any noticeable
physical toxicity signs. Another reason could have been due to poor absorption and
bioavailability of the herbal extract mixture from the gastrointestinal tract (Mukinda,
2005). Perhaps other methods of administration like intraperitoneal administration could
have validated that argument if severe toxicity signs and mortality were eventually
observed. According to the American Society for Testing and Materials (ASTM) (1987),
any chemical substance with an LDsy estimate less than 2000 mg/kg/oral route but
greater than 1000 mg/kg/oral route could be considered to be slightly toxic although
Clarke and Clarke (1977) consider any compound with an estimated LDsg greater than
1000 mg/kg/oral route to be safe. A scale proposed by Lorke (1983), roughly classifies
substances according to their LDsg as follows: very toxic (LDse<1.0 mg/kg), toxic (LDsg
up to 10.0 mg/kg), less toxic (LDso up to 100.0 mg/kg) and only slightly toxic (up to
1000.0 mg/kg). Substances with LDsy values greater than 5000 mg/kg are practically
non-toxic (Salawu et al., 2008). The extract mixture formula 1:7 qualified as a safe
substance (non-toxic) using the proposed toxicological scales (Clarke and Clarke, 1977,
Lorke, 1983; ASTM, 1987; OECD, 2001).

3.4 Results of in vivo anthelmintic activity of the herbal extract mixture using
sheep

3.4.1 Feacal egg count results

Feacal egg counts (FEC) and the percentage reduction/increase are recorded in Table
3.8. These in vivo anthelmintic results for extract mixture 1:7 are being reported for the
first time by the time of conducting this study. The high standard deviations recorded in
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Table 3.8 are attributed to the large range of EPG counts within the groups. The larger
the range of EPG, the higher the S.D. The wide range of EPG count was partly due to
the unequal level of nematode infection, with unequal numbers of certain highly
reproductive nematode species in the sheep and faecal volumes that were being collected
from each sheep within the group which have a direct effect on aggregation of nematode
eggs leading to a virtual high EPG.

Table 3.8: Eggs per gram (EPG) results after single oral administration of the
herbal extract mixture 1:7 to experimental sheep, n=4

Day PT Controls Herbal extract mixture dose (mg/kg b.w.)
Untreated Albendazole 500 1500 4500
(10mg/kg b.w.)

0  1325+1024.3 1800+2079.7 7963+6713.7 6038+5861.9  1513+904.9
(0%) (0%) (0%) (0%) (0%)

3 12250+15033.4 3188+2131.7 18513+18896.7 8750+6559.1  6338+8877.3
(-825%) (-77%) (-132%) (-45%) (-319%)

7 3050+2949.3 2225+1274.4 12263+8479.0 10537+7243.8 3825+1756.2
(-130%) (-24%) (-54%) (-75%) (-1539%)

11 6413+5906.3 2350+1931.3 6250+3946.1  10587+10575.6 3750+1239.6
(-384%) (-31%) (22%) (-75%) (-148%)

15  1613+1438.4 883#800.5°  1775+885.5%  4938+4659.5° 2663+832.0°
(-22%) (51%) (78%) (18%) (-76%)

19 7288+7530.1 13335485  1313+438.5°  4863:3336.8° 2413+2148.8
(-450%) (-26%) (849%) (19%) (-59%)

PT=Post treatment; Untreated=Naturally infected but untreated control group;
b.w.=body weight; values with same lettered superscripts are significantly different
(P<0.05) from day 0 FEC in the same column; Negative percentage values indicate the
extent of increase in FEC value compared to day 0 PT
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There were no signs of toxicity such as salivation, diarrhoea, skin reaction, amongst
other related toxicity signs in all the groups throughout the study period apart from
reduced feed intake in the initiation stage of the experiment. The herbal extract mixture
1:7 generally showed a time-dependent but not dose-dependent in vivo anthelmintic
activity for 500mg/kg b.w. and 4500mg/kg b.w. The general expectation was to have a
reduction on EPG with increase in dosage of the plant extract mixture. The dose
preparation of the aqueous extract mixture was based on crude plant powders and not on

crystalized crude extracts i.e. .

In general, the herbal extract mixture reduced the EPG count with time at the dosage
levels used. This general trend was consistent for 500mg/kg b.w. and 4500mg/kg b.w.
while the 1500mg/kg b.w. group had an increase on day 7 PT but eventually gave a
significant decrease (P<0.05) in EPG on day 19 PT. A similar trend was observed with
Albendazole and untreated group on day 11 PT with a significant decrease (maxima) on
day 15 PT for Albendazole. Albendazole and the herbal extract mixture 1:7 showed a
general positive in vivo anthelmintic activity. The high faecal egg counts could be
attributed to the high presence of adult parasites in reproductive stages in the host
(Worku et al., 2009). There was a general increase in FEC in all the animal groups on
day 3, with a general drop from day 7 except for treatment group at 1500mg/kg b.w..
This increase in FEC could have been due to reduced faecal output hence, a virtually
higher faecal nematode egg concentration (Githiori, 2004). This was caused by general
reduction in the animals’ feed intake by day 0 post treatment. This may be attributed to a
shorter period of acclimatization to the commercial feed leading to poor palatability
despite supplementing the commercial feed with grass. However, the feed intake had
improved by day 5 post-treatment after mineral supplementation was introduced on day

4 post-treatment.

The peak (maxima) anthelmintic effects of the herbal extract mixture 1:7 doses show a
decreasing anthelmintic activity with increasing dosage with a similar trend having been

observed by Lateef et al. (2006) with crude methanolic extract of Carum copticum. The
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peak FEC reductions for Albendazole and extract mixtures at 500mg/kg b.w. and
1500mg/kg b.w. were significant (P<0.05). The 500mg/kg b.w. group produced a
maximum faecal egg count reduction (FECR) of 84% on day 19 post-treatment (PT)
followed by 1500mg/kg b.w. group which gave 19% on day 19 PT while 4500mg/kg
b.w. group gave the least reduction of -59% on day 19 PT while Albendazole gave 51%
on day 15 PT. This, however, should not be construed to mean that the 1500mg/kg and
4500mg/kg doses were ineffective as there was a consistent FEC reduction from day 7
post-treatment for both dose levels though the herbal drug at 4500mg/kg b.w. was not
able to reduce the FEC below the pre-treatment EPG by day 19 PT. Probably, drug
metabolism/breakdown could have taken longer with increase in dosage. Feed intake
was restricted overnight as restricting feed intake for 24 hours before drug
administration slows digesta flow and this helped to increase drug availability and
efficiency (Fleming et al., 2006; Kaplan et al., 2003). However, the 500mg/kg b.w. dose
may not have been affected by slow drug metabolism and this could provide direction on
the maximum dose necessary to produce better in vivo anthelmintic effects. The other
reason for this observation could have been due to early saturation of the aqueous

solutions of the individual plants during preparation of the extracts.

Albendazole produced a maximum faecal egg count reduction of 51% on day 15 PT,
which was still lower than that achieved by the herbal mixture (78%) at the dose of
500mg/kg b.w. on the same day. The in vivo anthelmintic activity of Albendazole was
lower than the reported values in most literature (Agaie and Onyeyili, 2007; Gathuma et
al., 2004; Githiori, 2004) which produced FECR of 98.4%, 100% and >90%respectively
at the same dosage level of 10mg/kg b.w..This could be attributed to adulteration of the
drug or low drug quality such as insufficient active ingredients (Githiori, 2004) as
dosing of the animals was followed using the product label instructions. Kumsa et al.
(2010) did in vitro and in vivo anthelmintic tests against naturally acquired
gastrointestinal nematodes to determine the efficacy of seven chemical anthelmintic

drugs based on Albendazole. The results of the study indicated that two of the brands
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showed low level of in vitro and in vivo efficacies. He attributed this to low quality of
the brands rather than to the doses of the drugs administered.

Another study done by Monteiro et al. (1998) in Kenya found that of seven anthelmintic
drugs marketed in Kenya as containing Levamisole, two contained none, while two
others had levels of 11.8% and 78.7% of the amount stated on the label. With a peak
faecal egg count reduction of 84%, the 500mg/kg b.w. dose passed the threshold FEC
reduction. Wood et al. (1995) reports that any anthelmintic product that reduces FEC by
less than 80% during FECR test trial should be considered insufficiently active as a
curative agent. Githiori (2004) considered FEC and total worm count (TWC) reductions
greater than or equal to 70% biologically significant based on the same guideline.
Furthermore, Kagira et al. (2003) outlines that resistance is declared for any anthelmitic
if FECR is less or equal to 80%. The 500mg/kg b.w dose produced a maximum
reduction effect from -132% to 84%, 1500mg/kg b.w. from -45% to 19%, 4500mg/kg
b.w. from -319% to -59% while albendazole reduced from -77% to 51% form day 3 PT.
Significant faecal egg count reductions (FECR) were realized (P<0.05) by Albendazole
on day 15 PT (51%), herbal extract mixture at 500mg/kg b.w. on day 15 and day 19 PT
(78% and 84% respectively), herbal extract mixture at 1500mg/kg b.w. on day 15 and
day 19 PT (18% and 19% respectively) and herbal extract mixture at 4500mg/kg b.w. on
day 15 PT (-76%). Maximum faecal egg count reductions for the treatment groups were
all significant (P<0.05) except for the 4500mg/kg b.w. dose of the extract mixture.

Studies have shown that correct interpretation of FECR test is not always possible which
can be due to study design, level of excretion and aggregation of parasite eggs within the
host population (Hussain, 2008; Levecke et al., 2012).

The herbal extract mixture formula exhibited in vivo anthelmintic activity against mixed
gastrointestinal nematodes. This could be attributed to the mixture of polar
phytochemicals present in E. leptostachya and P. juliflora which are soluble in aqueous
medium. Phytochemical studies done on the two plants confirm the presence of

alkaloids, flavonoids, saponins, tannins and sterols/triterpenes from the leaf aqueous
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extracts of P. juliflora (Wamburu et al., 2013) while root aqueous extracts of E.
leptostachya have tested positive for sterols/triterpenes, glycosides, saponins and tannins
(Kareru, 2008; Kareru et al., 2012).

In sheep and goats in Kenya, Gl parasites are prevalent and especially the nematode
Haemonchus contortus and to a lesser extent the nematode species Trichostrongylus
colubriformis and Oesophagostomum spp., with occasional infections of Strongyloides
and Trichuris spp. (Githiori, 2004). Haemonchus spp., Trichostrongyle spp. and
Oesophagostomum spp. were predorminant in the egg feacal cultures derived from the

sheep used in this study.

3.4.2 Results of live body weights of the experimental sheep

Changes in the live body weights of the sheep were recorded in Table 3.9. There were
no significant changes (P>0.05) in the live body weights (LBWSs) of the sheep treated
with the herbal extract mixture and Albendazole on day 19 PT compared with day 0. All
the groups had an increase in their mean LBWSs by day 19 PT except the untreated

group. However, none of the increase was significant (P>0.05).
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Table 3.9: Effect of herbal extract mixture ratio 1:7 (E. leptostachya:P. juliflora) on
meanzS.D. (n=4) live body weights of sheep

LIVE BODY WEIGHTS (KG)

DAY UNTREATED ALBENDAZOLE 500mg/kg 1500mg/kg 4500mg/kg
PT (10mg/kg)

0 19.4+4.2 21.0+3.7 19.645.1  22.3+44  21.0+55
(0%) (0%) (0%) (0%) (0%)
3 18.5+3.2° 20.3+4.4° 196454  21.0+3.0° 21.0+6.5
(-4.6%) (-3.3%) (0%) (-5.8%) (0%)
7 18.5+3.5% 22.242.3 19.6+5.2  20.6+3.0"  19.6+6.3°
(-4.6%) (5.7%) (0%) (-7.6%) (-6.7%)
11 18.4+3.2° 20.8+2.4 19.0+4.7°  20.6+4.1°  20.4+6.4°
(-5.2%) (-1%) (-3.1%) (-7.6%) (-2.6%)
15  18.9+3.6 21.7+2.5 20.1+45  21.0+4.2% 21.4+6.1
(-2.6%) (3.3%) (2.6%) (-5.8%) (1.9%)
19  19.0+2.5 25.0+2.6 205+4.6  22.8434  24.5+6.2
(-2.1%) (19.0%) (4.6%) (2.2%) (16.7%)

PT=Post treatment; Mean LBWSs with same lettered superscripts are significantly
different (P<0.05) from day 0 LBW in the same column; Untreated=Naturally infected
but untreated control group; Negative percentage values (in parentheses) indicate
percentage mean LBW decrease from value on day 0 PT

Nematodes have been reported to cause severe damages to the gastrointestinal tract
(GIT) and the host therefore, expends energy and protein repairing these damages
caused by these parasites other than for growth (Agaie and Onyeyili, 2007). This could
have been responsible for the insignificant changes (P>0.05) in LBWs of the sheep
despite anthelmintic treatment. Another possible reason could have been due to
confinement of the animals to dry commercial feeds as well as leakage of blood and
plasma protein to the gastrointestinal tract by the parasites (Eguale et al., 2007).
Presence of tannins in the leaf and root aqueous extracts of P. juliflora and E.

leptostachya respectively is reported (Kareru et al., 2012; Wamburu et al., 2013).
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Because of their reactivity with plant proteins as they get chewed by ruminant animals,
condensed tannins partially protect animals against rumen degradation of proteins, and
so increase the flow of amino acids to the small intestines hence, increasing their
absorption (FAO,2011; Min and Hart, 2003; Zafar et al., 2002). This increase may help
to counteract the losses of protein attributed to gastrointestinal nematode infection and
for immune response to nematode parasites (Barry et al., 2001; Niezen et al., 2002;
Zafar et al., 2002; Min and Hart, 2003).

Condensed tannins bind to proteins by hydrogen bonding at near neutral pH of 6.0-7.0 in
the rumen to form CT-protein complexes, but dissociate and release bound protein at pH
less than 3.5 in the abomasum and eventual availability of amino acids to the small
intestines (Barry et al., 2001; Min and Hart, 2003). The herbal extract mixture treated
groups could have benefitted from better utilization of proteins in the presence of tannins
or the weight gains could have been as a result of improved feeding or both or due to
better nutrient utilization due to lower worm load. Weight gains in the Albendazole-
treated group could have been due to maximization of nutrient utilization as a result of
lower worm load. However, determination of total worm count will be essential in future
work with this extract mixture to validate weight gains as a result of lower worm loads

as EPG counts cannot reliably be used to make conclusions on worm loads.

3.4.3 Results of packed cell volumes (PCV) of the experimental sheep

There were no significant changes (P>0.05) in the PCV by day 19 PT compared to day 0
PT except for the extract mixture dose of 1500mg/kg b.w. whose PCV significantly
dropped (P<0.05) as recorded on Table 3.10. All the animals recorded pre- and post-
treatment PCV values that were within the permissible range of between 24-45%
(Research Animal Resources, University of Minnesota, 2013; Worku et al., 2009) for
experimental sheep. All the groups recorded improved PCV values (thus, reduced degree
of anaemia) except the doses at 1500mg/kg b.w. and 4500mg/kg b.w.. Anaemia,
following administration of an agent, could be as a result of lysis of blood cells and/or

inhibition of blood cell synthesis by the active constituents of the extract (Orisakwe et
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al., 2003). The higher doses of the extract mixture (1500 and 4500mg/kg b.w.) most
likely had this effect on the experimental animals thus, recording decreased PCV values.

Table 3.10: Effect of the herbal extract mixture on the mean£S.D. (n=4) percentage
packed cell volume (PCV) of the sheep

%PCV

DAYS UNTREATED ALBENDAZOLE 500mg/kg 1500mg/kg* 4500mg/kg
PT (10mg/kg)

0 28.71+2.61 25.97+4.52 30.29+2.55 25.17+2.09  26.33+2.30
19 31.74+4.34 30.60+3.39 30.63+3.95 24.21+3.67 25.51+3.00
(10.55%) (17.83%) (1.12%) (-3.81%) (-3.11%)

*Significant difference (P<0.05) between day 0 and dayl19; Negative percentage values
(in parentheses) indicate percentage decrease in PCV from value on day 0 PT

Besides the negative effects worms have on increasing anaemia, the lower percentage
increase on mean PCV of the treated animals at 500mg/kg b.w. compared to the controls
and percentage PCV drops at 1500mg/kg b.w. and 4500mg/kg b.w. groups may be
indicators of the drug effect on the PCV values of sheep. This may also suggest that the
two doses whose PCVs dropped may have had a negative stimulatory effect on the

hemopoietic system or the animals may have increased water intake (Githiori, 2004).

As no abnormal adverse effects were observed during this study after administration of
the herbal drug, water intake may not have contributed to this effect as no abnormal
water intake was observed in all the groups under the same experimental conditions.
Each worm is responsible for a daily loss of blood of about 0.05ml through ingestion
and seepage from lesions (Eguale et al., 2007). PCV values are directly related to
anaemia, correlated with high FEC and parasite burdens (Dawo and Tibbo, 2005; Worku
et al., 2009). The drop in PCVs in the animals treated with the herbal extract at
1500mg/kg b.w. and 4500mg/kg b.w. correlated with the lower anthelmintic activities
(FECR) of the two groups. On the other hand, the improved PCV values meant that there
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was reduction of blood loss from the animals due to parasite inhibition or clearance,
which can signify recovery from helminthosis and improvement in health status (Agaie
and Onyeyili, 2007) as observed with the extract mixture dose of 500mg/kg b.w..
Negative stimulatory effects were enhanced in the herbal extract mixture groups
compared to the control groups with notable increase in anaemia in 1500mg/kg b.w. and
4500mg/kg b.w. groups. Notable contradiction is the PCV increment in the untreated
group despite the fact that the egg count over the period indicated a general increase.
However, a higher egg count may not necessarily indicate the level of worm infection
(Tarpoff, 2010).

Other similar in vivo work has been reported. A maximum EPG reduction of 50.3% on
Arsi Bale goats was achieved by Dawo and Tibbo (2005) using crude powder of
Halothamnus somalensis. Aqueous extract of Daniellia oliveri reduced feacal egg count
in naturally infected sheep by 12.8% by day 14 PT at a dose of 1200mg/kg b.w. (Adama
et al., 2012). Crude powder and crude methanolic extract of Ferula costata showed
significantly higher reduction in EPG compared to untreated control at all stages PT with
a maxima on day 14 (47.9%) for 3g/kg b.w. but which was significantly lower than the
positive control (Levamisole) at 7.5mg/kg b.w. (99.39%) (Kakar et al., 2013). The
average PCV values were not significantly different for goats treated with aqueous leaf
extract of C. pyramidalis compared to Doromectin-treated groups and the untreated
groups. The LBWs of the animals treated with the extract did not change significantly
except those treated at the highest dose of 5mg/kg b.w. (Robson et al., 2012). In
evaluation of in vivo anthelmintic activity using Boer goats, Worku et al. (2009)
observed that groups treated with wormwood and tobacco with added copper sulphate
resulted in dramatic decreases in PCV values and related this to toxic effects of these

plant extracts.
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3.5  Results of chemical and spectroscopic profiling of the individual plants and
formulated herbal anthelmintic drug of E. leptostachya and P. juliflora

3.5.1 Extraction yields of crude saponins from E. leptostachya and P. juliflora
extracts and extract mixture 1:7 (E. leptostachya:P. juliflora)

The crude saponin extract yields of P. juliflora, E. leptostachya and their mixture 1:7 are
presented below in Figure 3.7. E. leptostachya gave the highest percentage yield of
8.82+0.03%, followed by 1:7 mixture (5.11+£0.02%) while P. juliflora gave the least
yield (4.410.02%).

10.00 +

9.00 - 8.82%
8.00 -
7.00 -

6.00 -

5.11%

5.00 - 4.41%
4.00 -

Percentage yield

3.00 -

2.00 -
1.00 -

0.00

P. juliflora E. leptostachya 1:7 mixture
Plant sample

Figure 3.7: Gravimetric meanzS.D. (n=3) of crude saponin extract yields (% w/w)
from P. juliflora, E. leptostachya and extract mixture 1:7 (E. leptostachya:P.
juliflora)

From these yields, mathematical computations reveal that the two individual plants
contributed near equivalent amounts of crude saponins as per their ratio 1.7. A
theoretical percentage of 4.96% is achieved from mixing the crude saponins from the
two plants at the 1:7 ratio and this figure is comparable to the experimental percentage
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figure of 5.11+0.02% achieved. An assumption can then be made to the effect that the
two plants, going by the experimental protocol of mixing that was followed, contributed
equivalent crude saponin contents into the 1:7 mixture. Practically, this means that the
method of mixing the two plant crude aqueous extracts can be validated and can be

replicated in commercial production of the drug.

Kareru (2008) got a crude saponin yield of 1.23+0.02% from E. leptostachya. This yield
differs from the yield achieved in this study of 8.82% despite using a similar protocol
(Obadoni and Ochuko, 2001) of extraction. This variation could be attributed to the
differences in the geographical source of the plant sample used (Suleiman et al.,
2005;Worku et al., 2009), the season and environmental variability at the time of
collection of the two plant samples (Suleiman et al., 2005; Monglo et al., 2006; Eguale
and Giday, 2009; Zafar et al., 2009; Saraf et al., 2009; Worku et al., 2009), edaphic
factors (soil pH, soil composition, macro and micro nutrient) (Dawo and Tibbo, 2005;
Saraf et al.,2009), the age (Lateef et al., 2003;Suleiman et al., 2005; Eguale and Giday,
2009; Saraf et al., 2009) or growing stage of the plant (Suleiman et al., 2005; Zafar et
al., 2009), whether the plant was freshly harvested or preserved (Suleiman et al., 2005;
Monglo et al., 2006; Eguale and Giday, 2009) and the drying process and storage
technique (Zafar et al., 2009;Monglo et al., 2006; Eguale and Giday, 2009). For
instance, Quinoa grown in low soil water deficit gave saponin contents of 0.456% while
the high water deficit gave 0.386%. Among the growing stages, highly significant
differences were observed where the branching stage gave 0.309% while the blooming
stage gave 0.608% (Soliz-Guerrero et al., 2002). Due to these uncontrollable variations
in phytochemical profiles as a result of above factors, standardization of herbal products
becomes very important in order to ensure their batch to batch consistency (Saraf et al.,
2009). Microwave irradiation or microwave assisted process (MAP) has been developed
and used in the extraction of saponins from some medicinal plants (Lahlou, 2004).
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3.5.2 Results of infrared (FT-IR) and ultraviolet (UV) fingerprinting

3.5.2.1 Infrared spectra of P. juliflora, E. leptostachya and extract mixture 1:7
Presence of saponins in Entada leptostachya and Prosopis juliflora has been confirmed
by phytochemical analyses and by spectrophotometric (FT-IR) method and documented
(Kareru et al, 2008; Wamburu et al., 2013). The FT-IR fingerprints of crude saponin
extracts of the two plants and their formulated mixture 1:7 (E. leptostachya:P. juliflora)
were recorded (Appendix I). A typical FT-IR spectrum recorded from methanolic
extract of Cassia spectabilis (Sasidharan et al., 2010b) is also shown on Table I(d) in
Appendix I. The crude saponins showed characteristic infrared absorbance (Table 3.11)
of the hydroxyl group stretch (-OH) ranging from 3381cm™ (E. leptostachya) to 3384
cm™ (P. juliflora); C-H asym/sym stretch from 2929 cm™ (E. leptostachya, P. juliflora)
to 2858cm™ (P. juliflora) respectively; alkenyl C=C stretch ranging from 1631cm™ (E.
leptostachya) to 1645cm™ (P. juliflora); carboxylic acid/ketone C=0 stretch at 1712cm™
(E. leptostachya); C-O-C (due to C-O stretch of the glycosidic linkage or cyclic ether of
the glycone) ranging from 1045cm™ (E. leptostachya) to 1074cm™ (P. julifora); C=C-C
aromatic ring stretch from 1452cm™ (E. leptostachya) to 1454cm™ (P. juliflora); aryl-O
stretch (aromatic ethers) from 1242cm™ (E. leptostachya) to 1220cm™ (P. juliflora);
carboxylate (R-COO’) absorptions from 1377cm™, 1317cm™ (E. leptostachya) to
1367cm™ (P. juliflora). The crude saponin extracts of the extract mixture 1:7 also
showed characteristic infrared absorbances (Table 3.11) of the hydroxyl group stretch (-
OH) at 3417cm™; C-H asym/sym stretch from 2931cm™ to 2860cm™; alkenyl C=C
stretch at 1641cm™; C-O-C stretch (due to C-O stretch of the glycosidic linkage or cyclic
ether of the glycone) at 1074cm™; C=C-C aromatic ring stretch at 1452cm™; aryl-O
stretch (aromatic ethers) at 1224cm™and carboxylate (R-COO") absorptions at 1373cm’”
11434 cm™.
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Table 3.11: FT-IR spectra of crude saponins of E. leptostachya, P. juliflora and their
mixture 1:7 (E. leptostachya:P. juliflora) as KBr pellets

Sample /wave number (cm™)

Functional group E. leptostachya P. juliflora Mixture 1:7
OHgir 3381 3384 3417
C-Hstr(asym) 2929 2929 2931
C-Hstr(sym) 2858 2860
C=Ostr(carboxylic acid) 1712
C=Cstr 1631 1645 1641
1556 1512 1512
1537
1523
C=C-Cstr(aromatic ring) 1452 1454 1452
RCOO g 1377,1317 1367 1373,1434
Aryl-Ogr 1242 1220 1224
1159 1180 1170
C-O-Cgtr 1045 1074 1074

Most of the infrared functional group absorptions characteristic of saponins recorded in
this study have been cited in some literature (Coates, 2000; Evangelista et al., 2002;
Soliz-Guerrero et al., 2002; Raimundo et al., 2004; Kareru et al., 2008; Kannabiran et
al., 2009; Sasidharan et al., 2010a,b) and compare well with the findings of this study.
The -OH, C-H, C=C, C=0/carboxylate and C-O-C/Aryl-O determined in the two plants
are suggestive of triterpenoid (Cso) saponins (Evangelista et al., 2002; Kannabiran et al.,
2009; Kareru et al., 2008; Raimundo et al., 2004). Though further analytical techniques
like nuclear magnetic resonance and mass spectroscopy need to be employed to
ascertain this, the crude saponins in E. leptostachya and P. juliflora could be

bidesmosidic due to detection of the carboxylic acid C=0 stretch which could mean a
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further attachment of glycone molecule via an ester linkage as confirmed by carboxylate
absorptions from both plants. Presence of the C-O-C ether linkage (link between the
saccharide and triterpenoid) is confirmed by aryl-O absorptions by both plants. The
aglycone may contain one or more unsaturated C-C bonds (Becker et al., 2002) and

absorptions at C=C for both plants confirms that fact.

Absorptions as contributions by the two plants are confirmed by similar characteristic
absorptions displayed by their extract mixture 1:7, confirming that all the functional
groups present in the two individual plants gave characteristic absorptions in their
mixture. Absence of the characteristic absorption of C=0 at 1712 cm™ (observed in E.
leptostachya alone) in the mixture could have been due to the presence of E.
leptostachya in the mixture in a smaller ratio compared to P. juliflora and hence, falling

below detectable limit.

Infrared fingerprints from the crude saponin extracts of the two plants and their mixture
could be used in standardization of the drug formula mixture 1:7 in quality control
procedures as direct FT-IR determination of saponins is possible from their crude plant
powders or dry crude extracts (Kareru et al., 2008). Confirmation of the contributory
evidence of individual absorptions into the mixture then means that long and exhausting
procedures of standardizing individual plants are not needed in this case and direct
determination of infrared fingerprints of the drug mixture is representative of individual

plants.

Similar characteristic IR absorption spectra from saponins have been reported. Two
saponins, dasyscyphin C and gymnemagenol, isolated from E. prostrata and G.
sylvestre, showed IR spectrum at 3435.8, 2921.82, 1635.05, 1245.75, 1050.66 for
dasyscyphin C and at 3445.41, 2924.10, 1635.38, 1457.48 cm™ for gymnemagenol
(Kannabiran et al., 2009). Sirma (2009) did a FTIR spectrum of P. juliflora leaves
toluene/ethanol and acetone extractives. The FTIR analyses indicated absorption bands

at 3400cm™ which were attributed to OH group, 1119 and 1071cm™ to sugars, strong
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bands at 2917cm™ and 2849cm™ were characteristic of C-H vibrations and 1728cm™
characteristic of C=0 vibrations, were attributed to fatty acids in their free or esterified

form while bands at 1510 and 1450cm™ were linked to aromatic structures.

3.5.2.2 Ultraviolet spectra of P. juliflora, E. leptostachya and extract mixture 1:7
The UV spectra for the individual plants and their mixture are presented (Appendix I1).
Table 3.12 shows UV absorbances (Amax) ranging between 198.5 and 330.5 nm for E.

leptostachya and P. juliflora and their mixture ratio 1:7.

Table 3.12: Ultraviolet (UV) spectra of crude saponin extracts of Entada
leptostachya, Prosopis juliflora and their extract mixture 1:7

Sample Amax (NM)

Entada leptostachya 277.5,199.5
Prosopis juliflora 329.5, 269.5, 198.5
Mixture 1:7 (E. leptostachya:P. juliflora) 330.5, 269.5

The data in Table 3.12 represent the UV fingerprints of the marker compounds from E.
leptostachya, P. juliflora and their mixture. The chromophores within the crude saponins
responsible for UV absorption in the individual plants could be traced in their extract
mixture apart from those absorbing at around 198-199 nm. Given that the P. juliflora
proportion in the mixture was much higher than E. leptostachya, the absorptions due to
chromophores emanating from saponins in P. juliflora led to fingerprints in the extract
mixture being very similar to those in P. juliflora. UV absorbance data achieved in this
investigation was nearly identical to those reported in literature. Kareru (2008) has
reported UV absorption of crude saponin extract mixture from E. leptostachya at 204.8
and 277.4 nm. He was able to further prove that the same chromophores responsible for
the UV absorption could be traced in the organic extracts (hexane, dichloromethane,
ethylacetate and methanol) and methanol column eluates of E. leptostachya which had
similar UV absorbances ranging between 202.5-283.1 nm and 201.7-280.4 nm
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respectively. UV absorbances at 199, 205, 268 and 315 nm for two new triterpenoid
saponins from Zygophyllum aptriplicoides were reported (Vigar et al., 2005).
Similarities of these absorbances recorded by Vigar et al. (2005) to absorbances
recorded in this study may indicate a high probability of crude saponins present in E.
leptostachya and P. juliflora being triterpenoid in nature. Radosevich and Delfel (1986)
report a UV maximum absorption value of 254 nm for underivatized glycyrrhizic acid.
Two saponins, dasyscyphin C and gymnemagenol, isolated from E. prostrata and G.
sylvestre, showed maximum absorption peaks at 234, 238, 302 nm for dasyscyphin C

and at 223, 237, 274 nm for gymnemagenol (Kannabiran et al., 2009).

Absence of chromophore moieties in most saponin molecular structures has presented a
huge challenge in analyzing this class of compounds using UV detection due to their
poor UV absorption (Bassani et al., 2005; Kim et al., 2006; Negi et al., 2011; Oleszek,
2002). However, UV absorptions by saponins from other plants at wavelength of 210nm
(Bassani et al., 2005) and longer wavelengths have been reported.
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CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

From the ethnoveterinary information obtained from the traditional healers in Embu and
Mbeere areas, the in vitro studies done on E. leptostachya and A. anthelmintica validated
their use as anthelmintics in traditional folklore in communities within these areas. The
anthelmintic activities of these plants were also comparable to Albendazole at the test
concentrations in inhibiting egg hatch of mixed nematode eggs. P. juliflora and E.
leptostachya aqueous extracts of their leaf and root extracts respectively, exhibited the
best in vitro anthelmintic activity and this is attributed to presence of saponins, tannins,
alkaloids and flavonoids in leaf extracts of P. juliflora and saponins, tannins, triterpenes
and glycosides in root extracts of E. leptostachya. Crude aqueous extract from P.

juliflora exhibited better in vitro anthelmintic activity than Albendazole.

Mixture 1:7 generally showed a dose-dependent in vitro anthelmintic activity. The
mixture ratio 1:7 (E. leptostachya:P. juliflora) showed the highest in vitro anthelmintic
activity in inhibiting egg-hatching of mixed nematode eggs, which was comparable to
Albendazole. The anthelmintic activity of this mixture is attributed to the secondary
metabolites existing in the two plants which worked together to produce the total
anthelmintic effect.

The results of toxicity studies indicated that the extract mixture 1:7 had an LDs, greater
than 5000 mg/kg b.w. and is therefore, safe when consumed acutely as a single dose
orally. However, the AST/ALT ratio from the two rats in upper-bound (5000 mg/kg
b.w.) was indicative of extract-induced liver cirrhosis as the cause of elevated AST
levels. Use of much fewer test animals in the toxicity studies justified the use of the

OECD Up-and-Down procedure.

The extract mixture is safe as it did not produce any physical toxicity signs when a
single dose was administered to sheep orally. However, the extract mixture showed

time-dependent and not dose dependent in vivo anthelmintic activity in experimental
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sheep. The extract mixture 1:7 produced biologically significant in vivo anthelmintic
activity in feacal egg count reduction in sheep. There could be evidence of highlighted
problem of adulteration of synthetic drugs as observed from the Albendazole brand used
in this study, which produced lower FECR values lower than most Albendazole brands

used in literature.

The crude saponin yields obtained from E. leptostachya and P. juliflora revealed that the
individual plants contributed near equivalent amounts of crude saponins into the mixture
ratio using the protocol of mixing and this protocol can be replicated in commercial

production of this drug mixture.

The FT-IR fingerprints confirmed that the extracted saponins in the individual plants and
their mixture 1:7 are most likely triterpenoid saponins. The individual plants contributed
their individual FT-IR and UV absorption bands into their mixture 1:7. The FT-IR and
UV fingerprints obtained from the crude saponins of the extract mixture can, therefore,
be directly used in standardization of the herbal mixture drug, avoiding the long and
exhausting procedures of standardizing the individual plants present in the mixture. FT-

IR and UV proved to be simple and fast standardization methods.

The project was faced by a number of limitations. Insufficient population size for the
sheep during the in vivo studies without which, more accurate results could have been
achieved. With more time and financial resources more studies and study parameters
like biochemical parameters and qualitative and quantitative phytochemical studies

could have been done.

In general, the formulated herbal mixture drug showed comparable in vitro anthelmintic
activity while producing better in vivo anthelmintic activity compared to albendazole at
the label-prescribed dose. The formulation is also non-toxic and hence, safer than
Albendazole. Upon further work in formulating it into the most stable presentation
(tablet, liquid drench, powder, extruded feed pellets, e.t.c.), this drug could prove to be

cheaper than most available synthetic drugs as the method of extraction medium utilized
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is water and plants used to make this drug mixture are locally available, both of which
may positively contribute to a cheaper product. This extract mixture preparation is

therefore, recommended for use by SHFs and pastoralists.
RECOMMENDATIONS

1. Comparative in vitro anthelmintic studies using similar range of aqueous
concentrations of E. leptostachya and P. juliflora should be done for individual plants
and for the extract mixture 1:7 to conclusively ascertain whether there exists synergistic,
antagonistic or additive mechanism in phytochemical interactions.

2. Other stages of nematode life-cycle like the larval and adult stages could be used
in the in vitro studies using the extract mixture 1:7 to compare its anthelmintic effects at
these stages.

3. Further toxicity studies should be done to ascertain long-term effects based on
repeated doses of the extract mixture 1:7 on internal organs using sub-chronic and
chronic protocols. Microscopic organ examinations should be done to determine cellular
integrity. Other routes of administration like intraperitoneal should also be considered to
validate absence of toxicity signs and even eradicate any doubt that there could exist
poor absorption of the extract mixture or poor bioavailability of the active constituents in
the extract mixture.

4. Further confirmatory in vivo work should be done to validate and explain the
observed anthelmintic trend where the extract mixture showed lower anthelmintic
activity with rising dose levels.

5. Preliminary work on pharmacokinetics using FT-IR and other techniques should
be done to monitor peak plasma concentration of the drug by tracking the intensity and
presence of one or more phytochemical fingerprints. This will help in determining the
dosing regime for maximum worm eradication in the GIT of the host animal and to
determine the best dosing frequency to avoid drug resistance. This could also be helpful
in initiating clinical trials after conclusive sub-chronic and chronic toxicity studies have

been carried out.
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6. Concentrations and doses based on dry, crude aqueous extracts from the
individual plants could be used to do the in vitro and in vivo tests and results compared
with those in this study.

7. Total worm count (TWC) determination is essential to determine efficacy of the
herbal mixture as EPG count is not reliable to make conclusions on worm loads.

8. Fingerprints of other phytochemicals of anthelmintic importance could also be
determined using the same methods while additionally, using chromatographic and
hyphenated methods and a standardization protocol established with all factors that

affect the phytochemical variations in plants taken to mind.
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APPENDICES

Appendix I: Infrared spectra profiles of crude saponin extracts of E. leptostachya,
P. juliflora and crude saponin extract mixture 1:7 (E. leptosctachya:P. julifora)
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Figure I(a): Infrared spectrum of crude saponin extract of E. leptostachya
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Figure I(b): Infrared spectrum of crude saponin extract of P. juliflora
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Figure I(c): Infrared spectrum of crude saponin extract of mixture 1:7 (E.
leptostachya:P. juliflora)
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Figure I(d): Infrared spectrum of methanolic extract of Cassia spectabilis (KBr
disc), cm™ (Source: Sasidharan et al., 2010b)
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Appendix Il: Ultraviolet spectra profiles of crude saponin extracts of E.
leptostachya, P. juliflora and crude saponin extract mixture 1:7 (E. leptostachya:P.
juliflora)
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Figure 11(a): UV spectrum of crude saponins from Entada leptostachya
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Figure 11(b): UV spectrum of crude saponins of Prosopis juliflora
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Appendix I11: Percentage (%) mean egg inhibition of aqueous herbal extract
mixture ratios (E. leptostachya, En:P. juliflora, Pro) at concentrations of 0.4, 0.8, 1.6
and 3.2mg/ml

Concentration of herbal extract mixtures (En:Pro) in mg/ml

Sample 0.4 0.8 1.6 3.2
1:2 50.59 78.83 97.67 95.27
1:3 83.56 81.16 85.89 95.27
1:4 76.50 74.10 92.94 90.61
1:5 71.77 88.21 97.67 95.27
1:6 52.93 69.44 90.61 90.61
1.7 59.99 95.27 95.27 90.61
1:8 76.50 69.44 83.56 95.27
1:9 76.50 83.56 95.27 97.67
2:1 22.37 48.27 41.21 50.60
31 64.71 36.49 81.16 92.94
4:1 48.27 55.33 69.44 95.27
5:1 69.44 67.04 92.94 88.21
6:1 48.27 45.87 95.27 100
7:1 59.99 50.60 90.61 97.67
8:1 64.71 59.99 69.44 95.27
9:1 59.99 83.56 92.94 97.67
1:1 22.37 43.54 55.33 64.71
Albendazole  83.56 83.56 90.61 92.94

105



Appendix IV: Effect of herbal extract mixture ratio 1:7 (E. leptostachya:P.
juliflora) on live body weights (in grams) of rats

Dose (mg/kg b.w) DAY 0 DAY 7 DAY14
Control 196.89 219.19(11.3%) 217.86(10.7%)
175 169.95 189.65(11.6%) 192.93(13.5%)
550 174.95 194.84(11.4%) 212.86(21.7%)
1750 176.85 183.89(4.0%) 201.44(13.9%)
5000 165.18 203.45(23.2%) 189.12(14.5%)
5000 167.05 189.95(13.7%) 211.59(26.7%)
5000 167.92 195.02(16.1%) 209.87(25.0%)

The % values in parentheses indicate the corresponding percentage weight gains from

day 0.
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Appendix V: Ethics committee approval letter

7 -
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Appendix VI: Published paper on in vivo (FECR) studies
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In vivo activity of two herbal plant mixtures against
gastrointestinal nematodes in ruminants

Kimani, D*", Kareru, P G*, Karanja, J M*, Njonge, F K2, Githira P N,
Kutima, H L®, Mercy, G'and Nyagah, G C'
'Chemistry Department, College of Pure and Applied Sciences, Jomo Kenyatta
University of Agriculture and

Technology, Kenya

?Land Resource and Animal Sciences Department, Jomo Kenyatta University of

Agriculture and
Technology, Kenya
$Zoology Department, Jomo Kenyatta University of Agriculture and Technology, Kenya

Abstract:  Helminthes infestation is a major constraint to livestock production.
Increasing anthelmintic resistance and the impact of conventional anthelmintics on the
environment has led to increased interest on new novel plant-based compounds. In this
study, the in vivo activity of a herbal extract mixture containing Entada leptostachya
and Prosopis juliflora was determined using faecal egg count (FEC) reduction tests on
sheep. There were no signs of toxicity in all the groups throughout the study period
apart from reduced feed intake in the initiation stage of the experiment. The herbal
formula exhibited a time-dependent but not dose-dependent in- vivo anthelmintic
activity. The 500mg/kg b.w.dose produced the maximum faecal egg reduction of 84%
while 4500mg/kg b.w.dose gave the least reduction of -59% on day 19 post-treatment
(PT). The results of the FEC reduction tests indicated that the herbal formulation tested
passed the threshold FEC reduction of 80%. All the groups had an increase in their
mean live body weights (LBWSs) by day 19 PT except the untreated group. However,
none of the increase was significant (P>0.05). All the animals recorded pre- and post-
treatment packed cell volume (PCV) values that were within the permissible range of
between 24 -45% for experimental sheep. All the groups recorded improved PCV values
except the doses at 1500mg/kg b.w. and 4500mg/kg b.w. In conclusion, the herbal
mixture was, therefore, safe and sufficiently active and has potential as a novel
anthelmintic drug for the treatment of gastro-intestinal nematodes in ruminants.

Key words: Gastro-intestinal nematode, anthelmintic, faecal egg count, Prosopis
juliflora
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. Introduction
Helminthiasis is one of the most common setbacks in production and reproductive
performance of livestock (Agaie and Onyeyili, 2007; Dawo and Tibo, 2005). Most of the
effects caused by helminth parasitoses go unnoticed because of sub-clinical or chronic
nature of the diseases they cause unless the parasites cause death of the animal (Dawo
and Tibo, 2005). Control of gastro-intestinal nematode (GIN) parasitism is usually based
on the use of chemical anthelmintics, whose effectiveness and consistent use has been
limited by high levels of anthelmintic resistance and high cost.
In this study, in vivo tests were conducted on sheep naturally infected with a mixture of
gastrointestinal nematodes. In vivo tests using FEC involve feeding the ruminant animal
with herbal extract followed by monitoring helminthes eggs in the animal feaces over
time after administration. Reduction of feacal egg counts with time is an indication of in
vivo anthelmintic activity (Githiori, 2004; Agaie and Onyeyili, 2007; Dawo and Tibbo,
2005; Krimpen et al., 2008; Burke et al., 2009; Deore and Khadabadi, 2010).
Entada leptostachya is found in several parts of Kenya (Machakos, Embu and Mbeere
districts) and other parts of Africa such as Somalia, Ethiopia and Tanzania. The
communities in Embu and Mbeere districts of Eastern Province, Kenya use the root bark
decoction to treat worms in humans and animals (Kareru, 2008). Prosopis juliflora
(locally known as ‘Mathenge’) was introduced in Kenya in the early 1970s (Ebenshade
and Grainger, 1980, Maghembe et al., 1983) and is generally considered a noxious weed
locally. This study, therefore, sought to determine the safety and in vivo activity using
live animal model (sheep) of a formulated herbal extract mixture containing the two
plants. This is in order to determine its safety and activity so as to confirm possible
application as an anthelmintic for ruminants as a way of mitigating the negative
attributes of P.juliflora while providing a cheaper alternative for control of
helminthes for small holder farmers and pastoralists.

1. Materials And Methods
2.1 Collection and preparation of medicinal plant material
Entada leptostachya root barks were collected from Embu and Mbeere areas of Kenya.
Prosopis juliflora leaves were collected from Marigat, Baringo County, Kenya. The
plant specimen were identified in the field and authenticated by a plant taxonomist from
the Botany Department at Jomo Kenyatta University of Technology (J.K.U.A.T.) where
voucher specimens were also deposited. The samples were sorted, cleaned and air dried
on the laboratory benches away from direct sunlight before being ground into fine
powder and separately stored in air-tight plastic bags for further use to avoid contact
with moisture.
Standard procedures (Lateef et al. (2003; 2006); Sujon et al., 2008; Krimpen et al.,
2008) were used during the in vivo studies with a few modifications.

2.2 Sourcing, housing and grouping of animals
Sheep (male and female stock of 6-12 months) weighing between 13-26.5 kg were
bought from Kariobangi livestock market in Nairobi, Kenya. They were transported to
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J.LK.U.AT. and left to graze and acclimatize for a month. The animals were housed in
pre-designed animal shed in the university’s animal farm consisting of five cubicles and
a feed storage cubicle with each cubicle having a meshed window for ventilation and
raised wooden floor, a wooden feeding trough and watering bucket. The animals were
then grouped according to the various test concentrations of 500mg/kg, 1,500mg/kg and
4,500mg/kg for the extract treatment groups, 10mg/kg for the treated control group
(Albendazole) and untreated control group. Each group consisted of two males and two
females and the females were confirmed to be non-pregnant. The animals were
randomly selected and assigned to the various groups so that the individual weights in
each group were as close as possible. There was no physical contact between animals in
different cubicles.

2.3 Pre-treatment procedure

The animals were left to acclimatize in the cubicles for about 2 days. The animals were
fed on commercial feed supplemented with grass and they had ad libitum access to tap
water. Feacal samples from each group were collected and egg count per gram (EPG) of
their fresh feacal samples determined to confirm that the animals were naturally infected
with mixed species of worms. The infected sheep were then regrouped again so that each
group had low, medium and highly infected sheep. The sheep were then given unique
individual identifications on laminated paper wound on their necks.

The fresh crude aqueous extract mixture and positive control (albendazole) were diluted
in distilled water in graduated doses of 500mg/kg, 1,500mg/kg and 4,500mg/kg for the
aqueous extract mixture and 10mg/kg for the positive control. The animals were fasted
overnight with ad libitum access to water. On day 0, the sheep were weighed using an
overhead spring balance (0-50kg scale), fresh feacal samples collected directly via
rectum into clean, capped, air-tight plastic sample containers ready for EPG counting.
Fresh blood sampling was done directly from the sheep’s ear capillary into heparinized
microhaematocrit tubes ready for packed cell volume (PCV) determination (Hansen and
Perry, 1994). The sheep were then treated with single doses of the crude extract mixture
according to the animals’ live body weights (LBWs) by varying the volume using the
following equation:

Dose rate (img/kg b.w.) X Body weight (kg)

Vol D=
olume (ml) Concentration (mg/ml)

The sheep dosing was followed by further withdrawal of food for about 3 hours with ad
libitum access to water and then fed with commercial feed supplemented with grass with
ad libitum access to water. Fresh feacal samples were obtained from the sheep each
morning via rectum on day 3, 7, 11, 15 and 19 post-— treatment and screened for presence
of nematode eggs by salt floatation technique and the EPG determined. The eggs were
observed and counted using a modified McMaster egg counter with a sensitivity of 50
eggs per gram of feaces and feacal egg count percent reduction (FECR) calculated using
the following formula:
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Pre—treatment egg count per gram— Post —treatment egg count per gram

Pre —treatment egg count per gram
Individual live body weights of the animals were taken on day 3, 7, 11, 15 and 19
using an overhead spring balance (0-50kg scale) and PCV also determined on day 0 and
day 19.

%FECR =

I11. Results And Discussion
3.1 Feacal egg count results
Feacal egg counts (FEC) and their percentage reduction/increase are recorded in Table
1. These in vivo anthelmintic results for extract mixture are being reported for the first
time by the time of conducting this study.

Table 1: Mean £ S.D. (n=4) EPG results after single oral administration of the
herbal extract mixture to experimental sheep

Day PT Controls Herbal extract mixture dose (mg/kg b.w.)

Untreated Albendazole 500 1500 4500
(10mg/kg b.w.)

0 1325+1024.3  1800+2079.7 7963+6713.7 6038+5861.9 1513+904.9
(0%) (0%) (0%) (0%) (0%)

3 12250+15033.4 3188+2131.7 18513+18896.7 8750+6559.1 6338+8877.3
(-825%) (-77%) (-132%) (-45%) (-319%)

7 3050+2949.3 2225+1274.4 12263+8479.0 10537+7243.8 3825+1756.2
(-130%) (-24%) (-54%) (-75%) (-153%)

11 6413+5906.3  2350+1931.3 6250+3946.1 10587+10575.6  3750+1239.6
(-384%) (-31%) (22%) (-75%) (-148%)

15 1613+1438.4  883+800.5° 1775+885.5°  4938+4659.5 2663+832.0°
(-22%) (51%) (78%) (18%) (-76%)

19 7288+7530.1  1333+548.5 1313+438.5°  4863+3336.8" 2413+2148.8
(-450%) (-26%) (84%) (19%) (-59%)

PT=Post treatment; Untreated=Naturally infected but untreated control group;
b.w.=body weight; values with same lettered superscripts are significantly different
(P<0.05) from day 0 FEC in the same column; Negative percentage values indicate the
extent of increase in FEC value compared to day 0 PT

There were no signs of toxicity such as salivation, diarrhea and skin reaction in all the
groups throughout the study period apart from reduced feed intake in the initiation stage
of the experiment. The herbal extract mixture showed a time-dependent but not dose-
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dependent in vivo anthelmintic activity. Albendazole and the herbal extract mixture 1:7
showed a general positive in vivo anthelmintic activity compared to untreated control.
The high faecal egg counts could be attributed to the high presence of adult parasites in
reproductive stages in the host (Worku et al., 2009). There was a general increase in
FEC in all the animal groups on day 3, with a general drop from day 7 except for
treatment group at 1500mg/kg b.w. This increase in FEC could have been due to
reduced faecal output hence, a virtually higher faecal nematode egg concentration
(Githiori, 2004). This was caused by general reduction in the animals’ feed intake by
day O post treatment. This may be attributed to a shorter period of acclimatization to the
commercial feed leading to poor palatability despite supplementing the commercial feed
with grass. However, the feed intake had improved by day 5 post-treatment after mineral
supplementation was introduced on day 4 post-treatment.

The peak anthelmintic effects of the herbal extract mixture 1:7 doses show a decreasing
anthelmintic activity with increasing dosage with a similar trend having been observed
by Lateef et al. (2006) with crude methanolic extract of Carum copticum. The peak FEC
reductions for Albendazole and extract mixtures at 500mg/kg b.w. and 1500mg/kg b.w.
were significant (P<0.05). The 500mg/kg b.w. group produced a maximum faecal egg
count reduction (FECR) of 84% on day 19 post-treatment (PT) followed by 1500mg/kg
b.w. group which gave 19% on day 19 PT while 4500mg/kg b.w. group gave the least
reduction of -59% on day 19 PT while Albendazole gave 51% on day 15 PT. This,
however, should not be construed to mean that the 1500mg/kg and 4500mg/kg doses
were ineffective as there was a consistent FEC reduction from day 7 post-treatment for
both dose levels though the herbal drug at 4500mg/kg b.w. was not able to reduce the
FEC below the pre- treatment EPG. Probably, drug metabolism/breakdown could have
taken longer with increase in dosage. The other reason for this observation could have
been due to early saturation of the aqueous solutions of the individual plants during
preparation of the extracts. With a peak faecal egg reduction of 84%, the 500mg/kg b.w.
dose passed the threshold FEC reduction.

Wood et al. (1995) reports that any anthelmintic product that reduces FEC by less than
80% during FECR test trial should be considered insufficiently active as a curative
agent. Githiori (2004) considered FEC and total worm count (TWC) reductions
greater than or equal to 70% biologically significant based on the same guideline.
The 500mg/kg b.w. dose may not have been affected by slow drug metabolism and this
could provide direction on the maximum dose necessary to produce better in vivo
anthelmintic effects.

The herbal extract mixture formula exhibited in vivo anthelmintic activity
against mixed gastrointestinal nematodes. This could be attributed to the mixture of
polar phytochemicals present in E. leptostachya and P. juliflora which are soluble in
aqueous medium. Phytochemical studies done on the two plants confirm the presence of
alkaloids, flavonoids, saponins, tannins and sterols/triterpenes from the leaf aqueous
extracts of P. juliflora (Wamburu et al., 2013) while root aqueous extracts of E.
leptostachya have tested positive for sterols/triterpenes, glycosides, saponins and tannins
(Kareru, 2008; Kareru et al., 2012). Condensed tannins can impair vital processes such
as feeding and reproduction of the parasite or may bind and disrupt the integrity of the
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parasite’s cuticle (Dave et al., 2009; Zafar et al.,, 2009). It is reported that
monodesmoside saponins have shown to destabilize membranes and increase cell
permeability by combining with membrane-associated sterols (Geidam et al., 2007;
Ademola et al., 2008; Ademola and Eloff, 2010) and producing changes in cell
morphology leading to cytolysis (Geidam et al., 2007). Alkaloids may improve tonicity
of the gastrointestinal tract and thus expel the worms or may have a direct effect on the
nervous system of the nematodes (Ademola et al., 2008; Lateef et al., 2003).
Albendazole works by interference with polymerization of microtubule, where the drug
binds to the protein tubulin of the parasite leading to death by starvation (Kareru et al.,
2012; Lalchhandama, 2009). The other phytochemicals in the two plants like flavonoids
and oleanane type triterpenes may have had their independent or synergistic anthelmintic
effects (Zafar et al., 2009).

3.2 Results of live body weights of the experimental sheep

Changes in the live body weights of the sheep are recorded in Table 2. There were no
significant changes (P>0.05) in the LBWs of the sheep treated with the herbal extract
mixture and Albendazole on day 19 PT compared with day 0. All the groups had an
increase in their mean LBWs by day 19 PT except the untreated group. However, none
of the increase was significant (P>0.05).
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Table 2: Effect of herbal extract mixture (E. Leptostachya: P. juliflora) on mean (+
S.D., n=4) live body weights of sheep

LIVE BODY WEIGHTS (KG)

DAY UNTREATED ALBENDAZOLE 500mg/kg 1500mg/kg 4500mg/kg
PT (10mg/kg)

0 19.4+4.2 21.0+3.7 19.645.1  22.3+44  21.0+55
(0%) (0%) (0%) (0%) (0%)
3 18.5+3.2° 20.3+4.4° 19.6+5.4  21.0#3.0° 21.0+6.5
(-4.6%) (-3.3%) (0%) (-5.8%) (0%)
7 18.5+3.5% 22.242.3 19.6+5.2  20.6+3.0"  19.6+6.3°
(-4.6%) (5.7%) (0%) (-7.6%) (-6.7%)
11 18.4+3.2° 20.8+2.4 19.0+4.7°  20.6+4.1°  20.4+6.4°
(-5.2%) (-1%) (-3.1%) (-7.6%) (-2.6%)
15  18.9+3.6 21.7+2.5 20.1+45  21.0+4.2% 21.4+6.1
(-2.6%) (3.3%) (2.6%) (-5.8%) (1.9%)
19  19.0+2.5 25.0+2.6 205+4.6  22.8434  24.5+6.2
(-2.1%) (19.0%) (4.6%) (2.2%) (16.7%)

PT=Post treatment; Mean LBWSs with same lettered superscripts are significantly
different (P<0.05) from day 0 LBW in the same column; Untreated=Naturally infected
but untreated control group; Negative percentage values (in parentheses) indicate
percentage mean LBW decrease from value on day 0 PT

Nematodes have been reported to cause severe damages to the gastrointestinal tract
(GIT) and the host therefore, expends energy and protein repairing these damages
caused by these parasites other than for growth (Agaie and Onyeyili, 2007). This could
have been responsible for the insignificant changes (P>0.05) in LBWs of the sheep
despite anthelmintic treatment.

Presence of tannins in the leaf and root aqueous extracts of P. juliflora and E.
leptostachya respectively is reported (Kareru et al.,, 2012; Wamburu et al., 2013).
Because of their reactivity with plant proteins as they are being chewed by ruminant
animals, condensed tannins partially protect animals against rumen degradation of
proteins, and so increase the flow of amino acids to the small intestines hence,
increasing their absorption (FAO, 2011; Min and Hart, 2003; Zafar et al., 2002). This
increase may help to counteract the losses of protein attributed to gastrointestinal
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nematode infection and for immune response to nematode parasites (Barry et al., 2001;
Niezen et al., 2002; Zafar et al., 2002; Min and Hart, 2003).

The herbal extract mixture treated groups could have benefitted from better utilization of
proteins in the presence of tannins or the weight gains could have been as a result of
improved feeding or both or due to better nutrient utilization due to lower worm load.
Weight gains in the Albendazole-treated group could have been due to maximization of
nutrient utilization as a result of lower worm load. However, determination of total
worm count will be essential in future work with this extract mixture to validate weight
gains as a result of lower worm loads as EPG counts cannot reliably be used to make
conclusions on worm loads.

3.3 Results of packed cell volumes (PCV) of the experimental sheep

From Table 3, there were no significant changes (P>0.05) in the packed cell volumes
(PCVs) by dayl9 PT compared to day O PT except for the extract mixture dose of
1500mg/kg b.w. whose PCV significantly dropped (P<0.05). All the animals recorded
pre- and post-treatment PCV values that were within the permissible range of between
24-45% (Research Animal Resources, University of Minnesota, 2013; Worku et al.,
2009) for experimental sheep.

Table 3: Effect of the herbal extract mixture on the mean£S.D. (n=4) percentage
packed cell volume (PCV) of the sheep

%PCV

DAYS UNTREATED ALBENDAZOLE 500mg/kg  1500mg/kg* 4500mg/kg
PT (10mg/kg)

0 28.71+2.61 25.97+4.52 30.20+2.55 25.17+2.09  26.33+2.30
19 31.74+4.34 30.60+3.39 30.63+3.95 24.21+367  2551%3.00
(10.55%) (17.83%) (1.12%) (-3.81%) (-3.11%)

*Significant difference (P<0.05) between day 0 and dayl19; Negative percentage values
(in parentheses) indicate percentage decrease in PCV from value on day 0 PT

All the groups recorded improved PCV values (thus, reduced degree of anaemia) except
the doses at 1500mg/kg b.w. and 4500mg/kg b.w. Anaemia, following administration of
an agent, could be as a result of lysis of blood cells and/or inhibition of blood cell
synthesis by the active constituents of the extract (Orisakwe et al., 2003). The higher
doses of the extract mixture (1500 and 4500mg/kg b.w.) could have had this effect on
the experimental animals thus, recording decreased PCV values. Besides the negative
effects worms have on increasing anaemia, the lower percentage increase on mean PCV
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of the treated animals at 500mg/kg b.w. compared to the controls and percentage PCV
drops at 1500mg/kg b.w. and 4500mg/kg b.w. groups may be indicators of the drug
effect on the PCV values of sheep. This may also suggest that the two doses whose
PCVs dropped may have had a negative stimulatory effect on the hemopoietic system or
the animals may have increased water intake (Githiori, 2004). As no abnormal adverse
effects were observed during this study after administration of the herbal drug, water
intake may not have contributed to this effect as no abnormal water intake was observed
in all the groups under the same experimental conditions. Each worm is responsible for a
daily loss of blood of about 0.05ml through ingestion and seepage from lesions (Eguale
et al., 2007). PCV values are directly related to anaemia, correlated with high FEC and
parasite burdens (Dawo and Tibbo, 2005; Worku et al., 2009).

The drop in PCVs in the animals treated with the herbal extract at 1500mg/kg b.w. and
4500mg/kg b.w. correlated with the lower anthelmintic activities (FECR) of the two
groups. On the other hand, the improved PCV values meant that there was reduction of
blood loss from the animals due to parasite inhibition or clearance, which can signify
recovery from helminthosis and improvement in health status (Agaie and Onyeyili,
2007) as observed with the extract mixture dose of 500mg/kg b.w. Negative stimulatory
effects were enhanced in the herbal extract mixture groups compared to the control
groups with notable increase in anaemia in 1500mg/kg b.w. and 4500mg/kg b.w. groups.
Notable contradiction is the PCV increment in the untreated group despite the fact that
the egg count over the period indicated a general increase. However, a higher egg count
may not necessarily indicate the level of worm infection (Tarpoff, 2010).

Other similar in vivo work has been reported. A maximum EPG reduction of 50.3% on
Arsi Bale goats was achieved by Dawo and Tibbo (2005) using crude powder of
Halothamnus somalensis. Aqueous extract of Daniellia oliveri reduced feacal egg count
in naturally infected sheep by 12.8% by day 14 PT at a dose of 1200mg/kg b.w. (Adama
et al., 2012). Crude powder and crude methanolic extract of Ferula costata showed
significantly higher reduction in EPG compared to untreated control at all stages PT with
a maxima on day 14 (47.9%) for 3g/kg b.w. but which was significantly lower than the
positive control (Levamisole) at 7.5mg/kg b.w. (99.39%) (Kakar et al., 2013). The
average PCV values were not significantly different for goats treated with aqueous leaf
extract of C. pyramidalis compared to Doromectin -treated groups and the untreated
groups. The LBWs of the animals treated with the extract did not change significantly
except those treated at the highest dose of 5mg/kg b.w. (Robson et al., 2012). In
evaluation of in vivo anthelmintic activity using Boer goats, Worku et al. (2009)
observed that groups treated with wormwood and tobacco with added copper sulphate
resulted in dramatic decreases in PCV values and related this to toxic effects of these
plant extracts.
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ABSTRACT

Aim: Many medicinal plants have been used traditionally in treating ailments in
humans and animals. However, for most of herbal remedies, no scientific toxicity
profiles exist in literature. In this study, the safety profile of an herbal extract
mixture  containing Entada leptostachya (EL) and Prosopis juliflora (PJ) was
determined using acute oral toxicity tests using adult female Wistar albino rats.

Place and Duration of Study: Laboratories in the departments of Chemistry,
Zoology, Botany and Biochemistry of Jomo Kenyatta University of Agriculture and
Technology (J.K.U.A.T.) between March 2012 and April 2012.

Methodology: The OECD 425 guidelines (Up-and-Down procedure) were
followed. Different dosages (control, 175, 550, 1750 and 5000 mg/kg body weight)
were used in the experiment. Selective observations and analysis were made and
recorded on mortality, signs of pain or distress and moribund animals, biochemical
and macroscopic (pathological, organ and live body weights) analyses.

Results: During the entire period of the study, no signs of pain or enduring distress
were observed neither was there any mortality. Alanine aminotransferase (ALT)
values were within range (for experimental rats) apart from the rat in control while
Aspartate aminotransferase (AST) values were within range (for experimental rat)
apart from two rats in the upper limit. Macroscopic organ observations did not show
colour or texture consistent with drug-induced inflammation or lesions. The toxicity
studies of the extract mixture showed that the median lethal dose (LDsy) was
above the upper limit of 5000mg/kg body weight.

Conclusion: In conclusion, the LDsy of the extract mixture was found to be greater
than 5000 mg/kg body weight and was, therefore, considered safe and has potential as
a novel herbal preparation.

Keywords: Toxicity; Prosopis juliflora; alanine aminotransferase; LDsg; upper limit.
1. INTRODUCTION

Herbs and herbal formulations as medicinal alternatives have continued to receive
increased attention because of strong belief that they are safe. It is this assumption, to a
larger extent, that has influenced the indiscriminate use of herbal formulations leading to
incidences of adverse effects and sometimes life-threatening conditions [1,2]. The
traditional uses of any plant for medicinal purposes do not necessarily guarantee their
safety, especially with regard to mutagenicity, carcinogenicity, embryotoxicity,
nephrotoxicity and hepatotoxicity, especially if such effects are complex and not easily
recognized by the local populations [3].

Although phytochemicals or plant secondary metabolites (PSMs) with pharmacological
properties continue to play a vital role in the health management of people and animals,
in most cases, not much information is known about their possible toxic effects. For
this reason, alongside confirming their activities, it becomes important to investigate and
confirm their toxicity profiles in order to appraise adequately their suitability for use by
humans or target host animals [4]. These experiments fall into four categories: a)
microorganism systems, b) mammalian cell culture systems, c) tissue preparations, and
d) organ cultures [5]. The animal tests investigate the effect of a test substance on the
various body systems such as respiratory, nervous, and cardiovascular systems [6]. In
the context of this study, OECD guideline Up-and-Down procedure (UDP) provides a
more humanely acceptable animal use protocol. OECD’s UDP uses a maximum of six
animals in dose administration of test substances in a sequential manner after survival of
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previously dosed animal has been assured. Animal found in moribund state or showing
signs of severe pain or enduring signs of severe distress are used as end-points rather
than mortality [7].

Entada leptostachya is found in several parts of Kenya (Machakos, Meru, Embu and
Mbeere districts) and other parts of Africa such as Somalia, Ethiopia and Tanzania. The
communities in Embu and Mbeere districts of Eastern Province, Kenya use the root
bark decoction to treat worms in humans and animals [8]. Prosopis juliflora (locally
known as ‘Mathenge’) was introduced from Latin America into Kenya in the early 1970s
[9,10] and is generally considered a noxious weed locally. This study, therefore, sought
to determine the toxicity of a formulated herbal extract mixture containing the two plants
in order to determine its safety as well as confirm possible application as an
anthelmintic for ruminants as a way of mitigating the negative attributes of P. Juliflora
while providing a cheaper alternative for controlling worm-infestations, especially among
flocks of small holder farmers and pastoralists. For animal welfare reasons, OECD 425
guideline was used as it uses fewer animals and considers moribund conditions or
severe signs of pain and distress as end- points.

2. MATERIALS AND METHODS

Standard procedures using OECD 425 guidelines (Up-and-Down procedure) were
followed [7] during the toxicity studies with minor, selective additional data on
biochemical analysis and relative organ weights. The main test was performed at a
starting dose of 175 mg/kg b.w. as no toxicity data for the herbal mixture existed in
literature or was documented. Approval letter from the ethics sub-committee (ref:
JKU/2/41PC/IP/013) was obtained from Jomo Kenyatta University of Agriculture and
Technology. The herbal preparation is at the pre-patent stage hence, the ratio of the
mixture could not be divulged at this stage.

2.1 Collection and Preparation of Medicinal Plant Material

Entada leptostachya root barks were collected from Embu and Mbeere areas of Kenya.
Prosopis juliflora leaves were collected from Marigat, Baringo County, Kenya. The plant
specimen were identified in the field and authenticated by a plant taxonomist from
the Botany department at Jomo Kenyatta University of Technology (J.K.U.A.T.) where
voucher specimens were also deposited (voucher numbers: En-jkuat/092010 and Pro-
jkuat/092010 for E. Leptostachya and P. Juliflora respectively). The E. Leptostachya root
and P. Juliflora leaf samples were sorted, cleaned using tap water to remove adhering
soil and other foreign matter and air dried at room temperature with intermittent turning
for about three weeks on the laboratory benches away from direct sunlight before being
ground into fine powder using an electric grinder (manufactured by J.K.U.A.T. mechanical
engineering department) and separately stored in air-tight plastic bags at room
temperature for further use to avoid contact with moisture.

2.2 Care and Preparation of Experimental Animals

Seven (1 control) adult female Wistar albino rats, 10-12 weeks old and weighing 165-
1969, were used in the study. The animals were procured from Zoology Department
animal house of Kenyatta University at the age of between 7-9 weeks. The animals were
left to acclimatize in their cages (bedded with wood shavings) for three weeks with ad
libitum access to food (standard commercial rat pellets from Unga Feeds Limited, Kenya)
and tap water. Twelve hours artificial lighting and 12 hours darkness sequence was
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followed. The rats were uniquely marked on their tails for easy individual identification
using permanent ink.

2.3 Preparation and Administration of Doses

The plant powders were weighed and separately soaked for one hour in hot, distilled
water and filtered through cotton swabs using a funnel. Separate aqueous stock solutions
for the two plants at various concentrations were prepared using the equation below:

Dose rate (mg/kg b.w.) X Body weight (kg)
Volume (ml)

Concentration (mg/ml) =

The rats were fasted overnight with ad libitum access to water and weighed prior to dosing
with the extract mixture. A constant volume of 2 ml per rat based on a single dose was
given by gavage using a stomach tube. A dose progression factor of half log (equivalent
to 3.2) was followed with a starting dose of 175 mg/ml. Food, but not water, was withheld
for a further 3 hours after dosing and any toxicity signs noted during the first 30 minutes
and then hourly for the next six hours. Individual observations were made daily for the
next 48 hours for any signs of pain or enduring distress, being moribund or mortality before
dosing the next animal. Each animal was then observed on a daily basis for 14 days and
each rat weighed once weekly and at the end of the study. The dose progression
sequence and LDsg estimate in toxicity testing was done using AOT425statpgm (version 1)
program software.

2.4 Biochemical and Macroscopic Analyses

Each animal was humanely sacrificed at the end of the study by euthanizing it using
carbon dioxide gas in a closed dessicator. Fresh blood samples were obtained by
cardiac puncture using a needle and syringe into blood sample tubes containing EDTA
(anticoagulant) and the biochemical parameters recorded using an auto analyzer using
assay kits from Roche diagnostics, GmbH, Mannheim, Germany. The lungs, spleen,
kidneys and liver were immediately weighed on an electronic balance and their weights
recorded.

3. RESULTS AND DISCUSSION

3.1 Clinical Toxicological Signs

Table 1 shows the effects of the drug mixture on mortality after
single drug administration.
Table 1. Toxicity test data for the extract mixture

Test Animal ID Dose Short-term Long-term
sequence (mg/kg b.w.) result (48hrs) result

1 A 175 @) o

2 B 550 O ]

3 C 1750 O O

4 D 5000 O ]

5 E 5000 O ]

6 F 5000 O @)

Key: (X = Died, O = Survived)
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During the entire study, no signs of toxicity were observed after administration of a
single oral dose of aqueous extract mixture. No signs of pain or enduring distress were
evident during the 14 days (long-term) of observation and no mortalities were observed
as seen in Table 1. The study had to be stopped when no deaths were observed
after three consecutive rats were dosed at the upper bound (5000 mg/kg b.w.). The
median lethal dose (LDso) was, therefore, estimated at >5000 mg/kg b.w. following the
stopping rule procedure. No delayed behavioural toxicity signs were observed.

3.2 Biochemical Data

Table 2 shows the drug effect on the various blood chemistry parameters. From Table 2,
the creatinine values obtained from all the animals treated and the control were similar at
<44.2 pmol/L which was within the normal range of between 15-61 ymol/L [6] for
experimental rats. This implies that none of the rats suffered from impaired renal
functioning. Creatinine blood levels rise if the kidney filtering process is deficient and this
is a reliable indicator of kidney malfunction/impaired function. The alanine
aminotransferase (ALT) values for all the animals apart from the control were within
range of 35-80 U/L [11] for experimental rats. Low ALT levels in the control may indicate
a normal healthy liver or a low/non-functioning liver which may fail to release a lot of ALT
into the blood. A high level of ALT in the blood usually signifies liver cell damage [1]. ALT
is found mainly in the liver, but also in smaller amounts in the kidneys, heart, muscles
and pancreas [12]. Aspartate aminotransferase (AST) values were within range of 65-
203 U/L for experimental rats [13] for all the rats apart from two rats in the 5000mg/kg
b.w. category. AST is also a hepatic health/function indicator but may also be used to
assess damage in the heart and cell necrosis of many tissues [1]. A mild elevation
of AST level has been associated with liver injury or myocardial infarction. The amount
of AST in the blood is directly related to the extent of the tissue damage. An
AST/ALT ratio is sometimes useful in differentiating causes of tissue damage. A typical
myocardial infarction gives an AST/ALT ratio greater than 1 while an AST/ALT ratio less
than 1 is due to liver injury and AST/ALT of more than 2 indicates alcoholic hepatitis or
cirrhosis [14]. The AST/ALT ratio (>2) for the two rats in upper-bound doses indicate
possible plant extract-induced liver cirrhosis as the cause of elevated AST levels.
However, macroscopic observation of the organs from the two animals did not show any
form of inflammation or colour consistent with cirrhosis or abnormal texture. The AST
levels were consistently higher than the ALT levels which was expected since the body
cells contain more AST than ALT. Since ALT is localized mainly in cytosol of
hepatocytes, this enzyme is considered a more sensitive marker of hepatocellular
damage than AST [12,14,15]. Toxin-induced hepatocellular damage is caused by
leakage of cytosolic enzymes out of the cells due to increase in cell permeability,
membrane damage and cell necrosis [16]. Cell permeability, and hence the cellular
leakage, could be caused by saponins which combine with membrane-associated sterols
reducing the membrane integrity [17].
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Table 2. Effect of treatment of rats with the aqueous extract mixture on
biochemical parameters (n=1)

Dose (mg/kg b.w.)

Parameter Control 175 550 1750 5000 5000 5000
Creatinine (umol/L) <44 <44 <44 <44 <44 <44 <44
ALT (U/L) 18.5 66.6 381 63.3 444 73.5 36.6
AST (U/L) 110 67 152 82.1 423 336 148

3.3 Changes in Organ and Live Body Weights

Figs. 1 to 2 show the drug effects on the organ weights and live body weights,
respectively, of the rats during and after the study.

12

)
£
g m Control
— m175
e
=] m 550
g = 1750
% = 5000
2 15000
(@]

= 5000

LIVER KIDNEYS SPLEEN LUNGS
Organs

Fig. 1. Internal organ weights of rats after acute oral administration of the aqueous
extract mixture, n=1

There were no major differences in the gross pathological parameters in the study. In Fig.
1, the lung weights of the rat in control and one rat in upper bound were the only
conspicuously visible outliers. There were no major deviations in the other organ weights
compared to control. The slight differences in liver and spleen weights could not be
directly attributed to any internal pathological processes. Macroscopic examination of the
organs showed no changes in colour and texture or any visible inflammation compared to
the control.
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Generally, the animals had progressive weight gains (Fig. 2). The progressive weight
gains indicate positive growth response.

Similar studies using similar and other guidelines to establish toxicity of plant extracts in
rat or mice models are documented. Acute oral toxicity testing of Hunteria umbellate was
done using the Up-and—Down procedure (OECD guideline 425). The study showed that
the plant extract had an LDsq of 1020mg/kg and was therefore slightly toxic [18].
Akanmu et al. [4] investigated acute and sub-acute oral toxicity of methanolic extract of
Bauhinia monandra (used for treatment of diabetes). Acute administration of the extract
up to a dose of 8000 mg/kg b.w. did not cause any deaths nor any toxicity signs. The
study concluded that B. Monandra may possess relatively low toxicity. Acute toxicity
study of the leaves of Sphenocentrum jollyanum showed no toxicity when administered
up to 11000 mg/kg b.w. orally while intra-peritoneal (IP) administration produced dose
dependent mortality with an LDsy of 1445.4 mg/kg b.w. The results suggested that the
leaves extract was potentially safe for oral consumption [2]. Acute and sub-acute toxicity
of 95% ethanolic extract of aerial parts of Cansjera rheedii J. Gmelin (Opiliaceae) was
evaluated in Swiss mice and Wistar albino rats. The acute toxicity study was conducted
following the OECD 420 guideline where a limit test dose of 2000 mg/kg b.w. was
used. No significant changes in the organ weights between the control and treatment
groups were observed nor were there any gross pathological and histopathological
changes observed after 28 days. There were no mortalities during the entire treatment
period. In conclusion, the study presented strong evidence of non-toxic effects of the
ethanol extract of C. rheedii and the extract was considered safe and could be
extensively used [14].

250
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Fig. 2. Effect of the aqueous extract mixture on live body weights of rats (n=1)

In this study, the constituent phytochemicals in the extract mixture may not have had any
or may have had very minimal negative effects on the internal vital organs to produce
any noticeable physical toxicity signs. This could have been due to poor absorption and
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bioavailability of the herbal extract mixture from the gastrointestinal tract [19]. According
to the American Society for Testing and Materials (ASTM) [20], any chemical substance
with an LDsg estimate less than 2000 mg/kg/oral route but greater than 1000 mg/kg/oral
route could be considered to be slightly toxic although Clarke and Clarke [21]
consider any compound with an estimated LDs, greater than 1000 mg/kg/oral route to
be safe. A scale proposed by Lorke [22], roughly classifies substances according to their
LDsg as follows: very toxic (LDse<1.0 mg/kg), toxic (LDso up to 10.0 mg/kg), less toxic (LDsg
up to 100.0 mg/kg) and only slightly toxic (up to 1000.0 mg/kg). Substances with LDsg
values greater than 5000 mg/kg are practically non-toxic [23]. The extract mixture
formula qualified as a safe substance (non-toxic) using the proposed toxicological
scales [7,20,21,22].

4. CONCLUSION

The study confirmed that Entada leptostachya (EL) and Prosopis juliflora (PJ) extract
mixture is safe at the prescribed acute exposure, hence it is recommended for use by
farmers and pastoralists.
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