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ABSTRACT

Ficus thonningii is a nutraceutical that is extensively used in ethnomedicine. Nursing
mothers use F. thonningii leaves as nutritional and medicinal supplements and are at risk
of exposing their infants to its constituent phytochemicals. The exposure of the sensitive
neonatal gastrointestinal tract (GIT) to these phytochemicals can result in irreversible
changes in growth and development. The objectives of this study were to determine the
effects of crude F. thonningii extracts on; growth, morphology and morphometry of the

abdominal viscera and clinical biochemistry of neonatal rats.

Forty, suckling Sprague Dawley rats of either sex were randomly divided into 5 groups.
Each group was orally gavaged once daily with either low (50 mg/kg b.w) or high (500
mg/kg b.w) doses of aqueous or methanolic extracts of F. thonningii, for 7 days. The
control rats received distilled water. The pups were euthanased and tissues were collected
and weighed. Samples of the liver, caecum and proximal small intestine were preserved
and processed for histology. Plasma biochemical parameters were analysed

colorimetrically. Data was presented as means + SD.

F. thonningii extracts exhibited trophic effects on the stomach and ceacal mucosa of rats
but had no significant growth-promoting effects on the small intestine and visceral organs.
Histological analysis of the intestine, liver and caeca revealed no mucosal damage. Clinical
chemistry parameters were not abnormally altered. There was a significant decrease

(p<0.05, ANOVA) in the plasma concentrations of basal (non-fasting) glucose in the pups



on the high methanolic extracts. However, the triglyceride and cholesterol levels were

unaltered by the treatments.

The findings suggest that F. thonningii extracts exhibit trophic effects on the mucosal
layers of the stomach and caecum. F. thonningii extracts also possess glucose-lowering
activity. At low doses, F. thonningii extracts can be safely used without the risk of any
disruption in the structural integrity of the neonatal rat GIT and function of the liver and

kidneys.
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CHAPTER 1-INTRODUCTION AND

LITERATURE REVIEW



1.0. Background

Since prehistoric times, mankind has relied on plants as a source of food, shelter and
medicine (Fowler, 2006). Before the invention of allopathic medicine, man used plant
medicines on an empirical basis for curing ailments (Pal and Shukla, 2003). Today, apart
from their commercial exploitation in manufacturing, cosmetic and pharmaceutical
industries, plants are still extensively used in ethnomedical and ethnoveterinary practice.
Plant-based medicines have also contributed significantly to the development of
conventional drugs. A large proportion of medications used today are either derived or
synthetically modeled from naturally-occurring plant molecules (Pal and Shukla, 2003).
Examples include; aspirin (acetasalicylic acid) from willow bark (Salix ssp), digoxin from
foxglove (Digitalis purpurea), morphine from opium poppy (Papaver somniferum) and

quinine from Cinchona bark (Benzie and Wachtel-Galor, 2011).

The prohibitive cost of conventional drugs and the limited availability of proper diagnostic
facilities and services to both rural and urban communities in Africa have driven a
continued dependence on traditional plant therapeutics. About 90 % of the African

population still relies on plants and plant extracts as a source of primary health care

(Benzie and Wachtel-Galor, 2011).

There is a general misconception that natural remedies are safer, healthier and have fewer
side effects when compared to allopathic medicine. However, the lack of proper dosages,
inconsistencies in extraction, lack of quantification and quality control of active and toxic

principles in plant-based medicines, poses a high risk of toxicity to the patient (Iwu, 2002).



The pharmacological activity exhibited by plant medicines and their usefulness in disease
management has led to a resurgence of interest in the identification and characterisation of
their active compounds. Researchers have employed various scientific tests and clinical

trials to validate the safety, effectiveness and possible toxicity of plant medicines.

The common wild fig, Ficus thonningii, is one of the many fruit-bearing trees that have
traditionally been used for treating diseases in Africa and beyond. The therapeutic
properties of this tree are of paramount importance to traditional medicine. It is extensively
used as a remedy for the treatment and cure of many diseases which include diarrhoea,
gonorrhoea, vomiting, diabetes mellitus, respiratory infections, urinary tract infections,
fever and mental illnesses (Ajayi, 2008; Usman, et al., 2009). Ficus thonningii is also
widely used by nursing mothers to stimulate lactation (galactogogue) (Orwa et al., 2009).
Despite its widespread use in ethnomedicinal systems, the safety and efficacy of Ficus

thonningii cannot be reliably guaranteed by the history and extent of its traditional use.

1.1. Ficus thonningii

1.1.1. Botany and Taxonomy

F. thonningii is a multistemmed, evergreen or briefly deciduous tree with a dense, rounded
to spreading crown mainly distributed in upland forests of tropical and sub-tropical Africa
(Agroforestry tree Database, 2011). The tree grows at altitudes of between 1 000-2 500 m
and it grows best in light, deep and well drained soils (Hines and Eckman, 1993;
Agroforestry tree Database, 2011). The leaves are alternate or whorled, mid-dark green and

sub-glossy above whilst paler below (Palgrave, 2002) as shown in Figure 1.1.



Figure 1.1: The leaves and fruit of the common wild fig, F. rokko, the Zimbabwean

variant of Ficus thonningii. Photograph reproduced with permission from Jean-Yves
Rasplus©
(http://www .figweb.org/Ficus/Subgenus_Urostigma/Section_Galoglychia/Subsection_Chla

mydodorae/Ficus_rokko.htm)

They can be rounded or tapering, 4.5-12 cm long, hairless or finely hairy with a prominent
midrib (Hyde and Wursten, 2011). The bark is usually smooth, pale to dark grey with
vertical lenticels and the tree usually has aerial roots that hang from branches (Hyde and
Wursten, 2011; Agroforestry tree Database, 2011). The fruits which are borne singly or in
pairs are round, 10-20 mm in diameter, usually hairy and turn yellowish and rarely pink
when ripe (Schmidt et al., 2002). F. thonningii is a flowering tree that is pollinated by

wasps which enjoy a symbiotic relationship and live in the syconium of its fruit



(Agroforestry tree Database, 2011). The tree can easily be propagated using seeds and

cuttings (Danthu et al., 2002).

Ficus thonningii has been described as a complex of taxa under which Ficus rokko, Ficus
rhodesiaca, Ficus burkei, Ficus petersii, Ficus persicifolia and a number of other Ficus
species are all lumped (Berg, 1990; Schmidt et al., 2002; Burrows and Burrows, 2003).
However, it is important to note that most of the trees grouped under the F. thonningii
complex have the same name in the local African languages. The Shona name for F. rokko,
F. natalensis, F. burkei and F. rhodesiaca is ‘Mutsamvi’ (Burrows and Burrows, 2003;
Hyde and Wursten, 2011) and in Angola, ‘Mulemba’ is the local name given to F. burkei,
F. psiliopoga and F. petersii (Burrows and Burrows, 2003). More importantly, the
traditional medicinal uses and value to the local people appears to be the same for these

closely related variants.

1.2. Biochemistry

1.2.1. Nutritional value

F. thonningii leaves are a good source of protein (Tegbe et al., 2006). Protein content in F.
thonningii leaves ranges between 18.7-20.5 g/100 g dry matter (DM) (Tegbe et al., 2006).
This makes them a useful dietary source of essential and non-essential amino acids. F.
thonningii leaves therefore have the potential to be used to mitigate against protein

deficiency diseases in children particularly in drought prone areas (Lockett et al., 2000).



The leaves are also good sources of micronutrients. They have an ash content of up to
17.34% wl/w (Jokthan et al., 2003). F. thonningii also has high levels of calcium, 180.05
mg/100 g dry weight (Tegegne, 2008) as compared to that in bovine milk (118 mg/100
ml). Potassium levels range between 0.91 and 1.25 g/100 g dry weight and magnesium
levels between 260 and 357.2 mg/100 g dry weight (Tegegne, 2008; Bamikole and Ikhatua,

2010).

F. thonningii leaves have also been shown to contain a high crude fibre content which
reaches up to 19.41 % w/w (Tegbe et al., 2006). Crude fibre is important, particularly in
ruminant nutrition, for the production of volatile fatty acids which account for about 80 %
of the metabolic energy requirements (Tagang et al., 2010). Owing to its good nutrient
profile, F. thonningii is used as forage for ruminants (Bamikole and Ikhatua, 2010) and
rabbits (Jokthan et al., 2003; Tegbe et al., 2006). A comparative study done to evaluate the
utilisation of F. thonningii and Mangifera indica (mango) leaves by rabbits showed that
rabbits on F. thonningii leaves had a significantly higher average body mass compared to

those on Mangifera indica leaves (Jokthan et al., 2003).

African ethnic groups have reported the use of F. thonningii in cuisine. The evergreen
leaves are cooked as a vegetable by the Igede and Fulani of Nigeria (Igoli et al., 2002;
Lockett et al., 2000), and the Senegalese (Gueye and Diouf, 2007). The leaves are
similarly used in Angola, Sudan, Benin and Ethiopia (Danthu et al., 2002; Achigan-Dako

and Ndanikou, 2009).



In addition to its widespread use as a food supplement and vegetable, F. thonningii is
extensively used as medicine for treating disease, maintaining health and restoring tissue
functioning and vitality. The broad pharmacological activity of F. thonningii can be seen
from its application in the treatment of diverse infectious and non-infectious diseases. Its
therapeutic potential can be credited to the presence of various phytochemicals that exhibit

physiological effects.

1.2.2. Phytochemical composition

F. thonningii contains different classes of secondary metabolites. These non-nutritive
compounds, commonly known as phytochemicals, are produced by the plant for protection
against biotic and abiotic stresses. They are generally responsible for the protective and
disease preventive properties of many plants (Cowan, 1999). A number of researchers have
used qualitative methods for phytochemical screening of F. thonningii. The major
drawback of using these methods is that they only confirm the presence or absence of
various classes of phytochemicals but cannot identify and quantify specific compounds. A
survey of literature reveals that the main classes of phytochemicals isolated from F.
thonningii are: flavonoids, tannins, alkaloids, terpenoids and essential oils (Ndukwe et al.,

2007; Usman et al., 2009; Ahur et al., 2010)

1.2.2.1. Flavonoids

Flavonoids are polyphenolic compounds characterised by a 2 phenyl-benzo [a] pyrane or

flavane nucleus which consists of two benzene rings linked through a heterocyclic pyrane



ring (Cushnie and Lamb, 2005). The presence of flavonoids in various parts (stem bark,
leaves and roots) of F. thonningii has been reported by researchers (Ndukwe et al., 2007,
Usman et al., 2009). Greenham et al, (2007) reported the presence of flavone-C-glycosides
in F. thonningii leaves. These were further identified as orientin, vitexin and isovitexin. F.
thonningii contains stilbenes which include resveratrol, resveratrol glucosides and stilbene
glucosides (Greenham et al., 2007). Stilbenes are a special type of flavonoid produced by
plants in response to pathogens and other abiotic stresses such as ultraviolet (UV) radiation
(Chong et al., 2009). Resveratrol and its glycosylated derivatives are derived from the
phenylpropanoid pathway and have numerous implications in plant disease resistance and

human health as they elicit biological and pharmacological activity (Vitrac et al., 2004).

1.2.2.2. Tannins

Phytochemical screening using the ferric chloride test and the tannic acid test revealed the
presence of tannins in methanolic, n-butanolic and aqueous extracts of F. thonningii leaves
(Ndukwe et al., 2007; Usman et al., 2009). Tannin concentrations in F. thonningii leaves
have been estimated to be about 90 mg/100 g DM (Bamikole et al., 2004). Tannins are
antinutritional phytochemicals that are associated with reduced feed intake, growth
retardation and reduced nutrient absorption (Kim and Miller, 2005). They bind to dietary,
digestive and structural proteins and they also reduce the absorption of iron in the GIT
(Kim and Miller, 2005). Some animals secrete proline-rich tannin binding proteins as

defense against the antinutritional effects of tannins (Kumar, 1992).



1.2.2.3.  Alkaloids

Alkaloids are a large class of plant secondary metabolites comprised of low molecular
weight, nitrogen-containing compounds. They have varied physiological effects and this
has led to their use as pharmaceuticals, stimulants and narcotics (Ramada et al., 2009). F.
thonningii contains alkaloids (Ndukwe et al., 2007, Ahur et al., 2010) but reports of

specific alkaloids isolated from F. thonningii are scanty in literature.

1.2.2.4.  Terpenoids

F. thonningii leaves also contain triterpenoids. Triterpenoids are compounds with a carbon
skeleton based on 6 isoprene units which are derived biosynthetically from squalene
(Harbone, 2008). Tritepernoids produce several pharmacologically active groups such as
steroids, saponins and cardiac glycosides (Ramada et al., 2009). Triterpenes isolated in F.
thonningii stem bark extracts include saponins and cardiac glycosides (Ndukwe et al.,
2007; Usman et al., 2009). The concentration of saponins in F. thonningii leaves was
shown to be as high as 300 mg/100 g DM (Bamikole et al., 2004). Saponins have been
associated with reduced feed intake, retarded growth and lysis of erythrocytes (Kumar,

1992).

The Moraceae family is a rich source of cardiac glycosides which are ubiquitous in the
Ficus genus e.g. in F. racemosa, F. religiosa (Joseph and Raj, 2011; Poongothai et al.,

2011). Cardiac glycosides are inhibitors of Na'/K*-ATPase and have been used in the



treatment of cardiovascular conditions such as heart failure and atrial arrhythmias (Prassas

and Diamandis, 2008).

1.2.2.5. Essential oils

F. thonningii leaves have also been shown to contain essential oils which are composed
mainly of 6, 10, 14 trimethyl-2-pentadecanone (18.8%), phytol (14.7 %), acorenone (7.6
%) and B-gurjunene (6.3%) (Ogunwande et al., 2008). Essential oils have antimicrobial
effects hence can be useful in the treatment of infectious diseases. On the other hand, the
antimicrobial activity of these essential oils can be detrimental to the balance of microbial

populations in the GIT (Acamovic and Brooker, 2005).

1.2.2.6. Other phytochemicals

Other phytochemicals with antinutritional properties in F. thonningii leaves include
phytate (130 mg/100 g DM) and oxalate (230 mg/100 g DM) (Bamikole et al., 2004).
Phytate and oxalate reduce the bioavailability of essential dietary minerals e.g. iron, zinc
and calcium (Sandberg, 2002). F. thonningii leaves also contain other secondary
metabolites such as lignins, lignans and active proteins such as ficin, which add to its
pharmacological and biological activity (Ahur et al., 2010). Lignins are components of
insoluble dietary fibre and lignans are associated with reduced risk of cardiovascular

disease (Peterson et al., 2010).
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1.3. Ethnomedicinal uses

Although all parts of F. thonningii are medicinally useful, people prefer to use the leaves
and bark which exude latex because latex has traditionally been associated with potency
(Ahur et al., 2010). In traditional medicine, plant extracts are prepared as; infusions,
decoctions or macerations. An infusion is prepared by pouring hot water on the plant
material and steeping for a defined period of time (Handa, 2008). A decoction is prepared
by pouring cold water on plant extracts, bringing to the boil and allowing the mixture to
simmer for a defined period of time (Handa, 2008). Macerations are prepared by soaking

plant material in cold water at room temperature (Handa, 2008).

1.3.1. Leaves

Decoction and/or macerations of fresh F. thonningii leaves, taken orally, have been used
for the treatment of diarrhoea, gonorrhoea and diabetes mellitus (Njoronge and Kibunga,
2007). The leaves are also used for treating liver disorders and disease conditions
associated with jaundice (Ahur et al., 2010). In Angola, boiled F. thonningii leaves are
used for treating wounds. The wounds are washed with leaf extracts and in cases of
gingivitis, bleeding gums are rubbed with leaves (Bossard, 1996). Leaf extracts are also
used for treating bronchitis and urinary tract infections (Cousins and Huffman, 2002). A
decoction of the leaves is used in Mali for treating urinary schistosomiasis (Bah et al.,
2006). In Nigeria, a maceration of the leaves is used for treating stomach pains, gastritis,

gastric ulcers and colitis (Nwude and Ibrahim, 1980). F. thonningii leaves are also used
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for the treatment of bone movement disorders, ringworm, thrush, scabies and athlete’s foot

rot (Moshi et al., 2009; Alawa et al., 2002).

1.3.2. Stem Bark

Traditionally, the stem bark is pound and the infusion is used for treating influenza, sore
throat, colds, arthritis, rheumatism and to relieve inflammation (Dalziel, 1937, Orwa et al.,
2009). In Tanzania the bark is also used to stimulate lactation (Minja, 1994). F. thonningii
bark decoction is also used in Mali and Senegal, to treat respiratory diseases such as;
pneumonia, bronchitis, emphysema (Prelude medicinal plants database, 2011). The bark
of F. thonningii is used for treating diarrhoea, cysts, skin diseases and ulcers in Ethiopia
(Teklehaymanot and Gidday, 2007; Prelude medicinal plant database, 2011). The bark
decoction is also used for fertility enhancement and induction of the menstrual cycle (Watt
and Breyer-Brandwijk, 1962; Mkangare-Minja, 1989) and in Southern Africa it is used as

relief for constipation and bowel disorders (Gelfand et al., 1985).

1.3.3. Roots

F. thonningii roots are used for the treatment of malaria, fever, hepatitis and dental pains
(Prelude medicinal plant database, 2011). In Zimbabwe the roots have been reportedly
used for preventing miscarriages and for stopping nose-bleeding (Gelfand et al., 1985).
Additionally, F. thonningii roots are used for relieving stomach pains, diarrhoea,

pneumonia and chest pains (Njoronge and Kibunga, 2007; Teklehaymanot and Gidday,
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2007). In East Africa F. thonningii roots are used for treating diseases believed to be

caused by evil spirits hence the tree is believed to be sacred (Wondimu et al., 2007).

1.3.4. Latex

F. thonningii exudes a white, sticky latex that turns pinkish with time (Arbonnier, 2004).
This milky latex is used for treating fever, tooth decay and ringworm (Alawa et al., 2002;
Arbonnier, 2004). The latex is commonly used for treating cataract in the eye (Alawa et

al.,2002) and is also used as a vermifuge (Mali and Mehta, 2007).

1.3.5. Uses of F. thonningii in combination with other plants

The combination of different plants could be characterised by synergistic effects resulting
in a higher drug efficacy than that expected from each plant if used individually (Evans et
al., 2002). In African ethnomedicine F. thonningii is combined with sour sop (Anona
muricata), basil (Ocimum gratissium) and bamboo (Bambusa vulgaris) to prepare a
remedy for treating respiratory diseases (Diafouka, 1997). In Mali, F. thonningii leaves are
combined with the leaves and fruits of the African Palmyra palm (Borassus aethiopum)
and the mixture is used for massaging, bathing and fumigating those suffering from

paralysis and polio (Malgras, 1992).

Researchers have scientifically and clinically validated some of the ethnomedical

practitioners’ claims about the use of crude F. thonningii extracts in disease management.
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The pharmacological properties of the plant extracts have been elucidated using both in

vitro and in vivo methods.

1.4. Phytopharmacology

1.4.1. Antimicrobial activity

In vitro antimicrobial studies have been used to validate the pharmacodynamic basis for
the traditional use of F. thonningii in the treatment of infectious diseases. F. thonningii
extracts have antibacterial, antiprotozoal and antifungal effects (Ndukwe et al., 2007,

Usmna et al., 2009; Kone et al., 2004; Moundipa et al., 2005; Oyelana et al., 2011).

1.4.1.1. Antibacterial effects

F. thonningii extracts have been shown to exhibit antibacterial activity against both Gram
positive and Gram negative pathogenic bacteria. Table 1.1 below is a summary of the
antibacterial activity of F. thonningii extracts and their minimum inhibitory concentrations
(MIC). It is important to note that the diseases commonly caused by microorganisms
susceptible to F. thonningii extracts, correspond with the ethnomedicinal claims of

diseases treated with the plant’s extracts in traditional medicine.
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Table 1.1. Antibacterial activity of Ficus thonningii extracts and common diseases associated with the susceptible bacteria.

Plant part Susceptible MIC Reference Common diseases associated with
microorganism microorganism
Ethanolic leaf Streptococcus pyrogenes
extracts
(Group A) 23 pg/ml Kone et al., 2004 Tonsilitis, septicaemia, rheumatic fever
Beta- hemolytic 47 ug/ml Kone et al., 2004
Enterococcus faecalis 94 ug/ml Kone et al., 2004 Urinary tract infections
(aminoside resistant)
n-butanolic stem -  Escherichia coli 1.25 mg/ml  Usman et al., 2009  Urinary tract infections, neonatal meningitis
bark extracts
Aqueous stem-bark Staphylococcus aureus 1.25 mg/ml  Usman et al., 2009  Wound infections, boils, impetigo,

extracts

pneumonia, endocarditis
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Tablel.1 continued

Aqueous stem-bark Klebsiella spp
extracts

Pseudomonas aeruginosa

Methanolic stem- Bacillus subtilis

bark extracts

Salmonella typhi

Providencia stauti

1.25 mg/ml

2.5 mg/ml

12.5 mg/ml

1.25 mg/ml

6 mg/ml

Usman et al., 2009

Usman et al., 2009

Ndukwe et al.,
2007

Ndukwe et al.,
2007

Ndukwe et al.,
2007

Urinary tract infections, pneumonia and
wound infections

Pulmonary infections, urinary tract
infections, gastroenteritis

Generally non-pathogenic

Enteric fever, gastroenteritis

Nosocomial infections, urinary tract
infections, respiratory tract infections and
wounds

MIC= Minimum Inhibitory Concentration

16



The antibacterial effects of crude extracts of F. thonningii could be credited to the presence
of phytochemicals. The terpenoids, flavonoids and tannins present in F. thonningii are
probably responsible for its activity against some microorganisms. Terpenoids disrupt
microbial cell membranes and hence give plants bactericidal effects (Cowan, 1999).
Phytol, a diterpene found in F. thonningii has been shown to possess antibacterial effects.
The mean inhibitory concentration of phytol (2 mg/ml) against Mycobacterium
tuberculosis was shown to be comparable to that of ethambutol, a clinically useful drug

(0.95-3.8 mg/ml) (Rajab et al., 1998).

Flavonoids complex with extracellular and soluble proteins as well as with bacterial cell
walls and hence exhibit bactericidal effects (Cowan, 1999). Tannins inactivate microbial
adhesions, enzymes and cell envelope proteins and may complex with polysaccharides (Ya
et al., 1988, Cowan, 1999). Aromatic alkaloids intercalate with DNA and thus are potential
antimicrobial agents (Raaman, 2006). These phytochemicals have been isolated from F.
thonningii extracts (Ndukwe et al., 2007; Usman et al., 2009) and could contribute to its

antibacterial effects.

1.4.1.2.  Antiprotozoal properties

F. thonningii is used for treating malaria (Titanji et al., 2008; Chinsembu and Hedimbi,
2010). Despite the claims that F. thonningii possesses antimalarial activity, Jansen et al,
(2010) reported no significant antiplasmodial activity against Plasmodium falciparum the
protozoan parasite that causes malaria. However, amongst the compounds isolated from

essential oils of F. thonningii, is the C-15 compound; 6, 10, 14 trimethyl-2-pentadecanone.
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This is an aliphatic methyl ketone which possesses insect repellent properties (Innocent et
al., 2008). It is possible that F. thonningii just possesses good insect repellent properties
and hence reduces the contact of the vector with humans, minimising incidence of malaria

transmission (Innocent et al., 2008; Jansen et al., 2010).

F. thonningii was shown to exhibit amoebicidal activity against Entamoeba hystolytica.
Lethality concentrations were low (LCso-48hr = 12.71 pg/ml) and comparable to the
commercial drug metronidazole (LCsy-48 hr = 46.08 ug/ml) (Moundipa et al., 2005). The
antiprotozoal properties of F. thonningii could be a result of the activity of alkaloids,
terpenes, stilbenes anthraquinones, flavonoids and essential oils (Schwikkard and Van

Heerden, 2002).

1.4.1.3. Antifungal effects

The traditional use of F. thonningii in the treatment of athelete’s foot rot suggests that it
may have antifungal compounds. Oyelana et al, (2011) showed that leaf extracts of F.
thonningii (25 mg/ml) had antifungal activity against Aspergillus niger, Aspergillus flavus,
Botryodiploidia theobromae, Fusarium oxysporum, Fusarium solani, Penicillium
chrysogenum, Penicillium oxalicum and Rhizopus stolonifer. The MIC of F. thonningii leaf
extracts was comparable to that of the positive control, cefoxitin, a cephamycin antibiotic
of the beta-lactam group reported active against the fungal isolates used in the study. The
extracts showed a significant arrest of mycelia growth at higher concentrations (75 and 100

mg/ml).
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Two antifungal chitinases (GLx Chi-C and Chi-B) were isolated in the latex Ficus
microcarpa (synonym for F. thonningii) (Taira et al., 2005). The chitinases exhibit strong
antifungal activity (Taira et al., 2005). They bind to fungal cell walls and hydrolyse the

fungal cell wall component, chitin (Hou et al., 1998).

1.4.2. Anthelmintic properties

The presence of the proteolytic compound ficin in Ficus thonningii latex justifies its use as
an anthelmintic agent. Ficin is a cysteine endopeptidase that is found in the latex of many
Ficus spp. It is known to digest living intestinal parasites (Etkin and Ross, 1982; Krief et
al., 2005). This supports the use of F. thonningii used as a vermifuge in ethnomedicine

(Mali and Mehta, 2007).

1.4.3. Antioxidant activity

Flavonoids are good antioxidants which scavenge and reduce free radical formation
(Grassi et al., 2010). The C-glucosyl flavonoids (orientin, vitexin and isovitexin) isolated
from F. thonningii possess antioxidant properties and free radical scavenging activity.
They have been identified in medicinal plants with anti-inflammatory and antioxidant
activity such as the pigeon pea (Trollius ledebouri Reichb), linseed (Linum usitatissimum)
oil and in rooibos tea (Aspalathus linearis) (Joubert and Ferreira, 1996; Von Gadow et al.,

1997).

19



Owing to these antioxidant activities, F. thonningii leaf extracts have been shown to
possess protective effects on the erythrocyte membrane from acetaminophen-induced
membrane peroxidation (Ahur ef al., 2010). The antihaemolytic and haematinic potential is
possibly due to its antagonistic activity against the depletion of glutathione and hence
prevention of the generation of free radicals which result in oxidative stress (Ahur et al.,

2010).

In addition to flavonoid antioxidant activity, the stilbenes present in F. thonningii also
exhibit antioxidant activity. Resveratrol and its methylated derivative, trans-3.3’, 5.5-
tetrahydroxy-4-methoxystilbene, possess antioxidative effects against oxidative stress
induced by reactive nitrogen species and reactive oxygen species (Olas et al., 2003; Olas et
al., 2008). Resveratrol and its derivatives have also been shown to reduce peroxynitrite
which is one of the most potent reactive nitrogen species (Olas et al., 2008). High levels of
peroxynitrite are generated in inflammation-based disease conditions (Ischropoulos and Al
Mehdi, 1995). The anti-inflammatory properties of F. thonningii are probably a result of
the action of these stilbenes and flavonoids. There is also a likelihood of synergistic
interactions between the flavonoids and stilbenes present in F. thonningii (Wu et al.,

2009).

1.4.4. Analgesic effects

F. thonningii has been reported to possess analgesic properties that are comparable to

aspirin in both peripheral and central induced pain (Otimenyin, 2004). Using the acetic

acid-induced writhing reflex model in mice, Otimenyin (2004) demonstrated that

20



methanolic extracts of F. thonningii (500 mg/kg) administered intraperitoneally had a
percentage inhibition (79.7%) comparable to aspirin (80%). This shows that F. thonningii
has analgesic effects that can be useful in the management of peripherally induced pain
(Otimenyin, 2004). Otimenyin (2004) also reported the analgesic effects of the plant in

central pain using the hot plate test method in mice.

1.4.5. Anti-inflammatory effects

The anti-inflammatory properties of F. thonningii have been validated using egg albumin
and carageenan-induced oedema in rats (Otimenyin, 2004; Coker et al., 2009). Phytol, the
aliphatic diterpene found in F. thonningii has anti-inflammatory effects and it is a potential
therapeutic agent for the treatment of rheumatoid arthritis and other chronic inflammatory
diseases such as asthma (Ogunlesi et al., 2009). Unsaturated phytol exhibits antioxidant
activity and is believed to be the side group that gives tocotrienols their higher

antioxidative effects as compared to tocopherols (Yu et al., 2005).

1.4.6. Cardioprotective effects

Ficus thonningii possesses cardio-suppressant and hypotensive properties. In a study
carried out to investigate the cardioprotective effects of ethanolic stem bark extracts of F
thonningii, the plant extracts were shown to exhibit negative chronotropic and inotropic
effects on both electronically driven and spontaneously beating atrial muscle strips

(Musabayane et al., 2007). F. thonningii extracts (120 mg/kg b.w given p.o for 5 weeks)
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also reduced mean arterial pressures of both normal and diabetic rats (Musabayane et al.,

2007).

The cardioprotective effects of F. thonningii could be credited to the presence of
resveratrol. Resveratrol has been reported to prevent and slow the progression of various
diseases which include cancer and cardiovascular diseases (Baur and Sinclair, 2006). It has
also been shown to possess vasoprotective and reno-protective effects (Ramada et al.,

2009).

1.4.7. Hypoglycemic effects

Ethanolic extracts of F. thonningii have been shown to exhibit hypoglycaemic effects in
rats (Bwititi and Musabayane, 1997). These hypoglycemic effects are proof of principles
the ethnomedicinal use of the plant extracts in the treatment of diabetes mellitus. Oral
glucose tolerance tests performed on diabetic and non diabetic rats treated with stem bark
ethanolic extracts of F. thonningii showed a dose dependant hypoglycaemic effect

comparable to that of metformin (Musabayane et al., 2007).

1.4.8. Antidiarrheal effects

F. thonningii is extensively used for treating diarrhoea in both livestock and humans
(Njoronge and Kibunga, 2007). The antidiarrhoeal properties of F. thonningii could
probably be the result of anti-secretory, anti-inflammatory and antibacterial properties

arising from the presence of tannins and astringent phenolics such as triterpenoids and
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saponins (Tripathi, 1994). Tannins and tannic acid present in F. thonningii extracts are
known to reduce secretion by denaturing proteins of the intestinal mucosa and forming
protein tannates which make the mucosa more resistant to chemical alteration (Tripathi,
1994). Plants with anti-diarrhoeal properties also act by decreasing intestinal motility,
stimulating water absorption and reducing electrolyte secretion (Njoronge and Bussman,

2006).

While the secondary metabolites produced by F. thonningii have been shown to exhibit
beneficial pharmacological effects, there is paucity of information regarding their effects

on their first point of contact with the body, the gastrointestinal tract.

1.5. The gastrointestinal tract

For systemic therapeutic purposes, the main route of administration of F. thonningii is oral.
The gastrointestinal tract (GIT) is the first point of contact of the body with the plant’s
extracts. The GIT is the vital interface of the body with its external environment
(Schneeman, 2002). The principal functions of the GIT include digestion, absorption,
metabolism, immune defense and osmoregulation (Barltrop and Brueton, 1990). Its

efficacy in carrying out these diverse functions heavily depends on its structural integrity.

Structurally, the GIT is made up of four specialised layers of tissues: the mucosa, the
submucosa, the muscularis and the serosa. The outermost layer of the GIT is the serosa
and it is composed of an epithelial layer and an underlying connective tissue (Walthall et

al., 2005). The muscularis is mainly smooth muscle comprising of the inner circular layer
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and the outer longitudinal layer innervated by a specialised nerve plexus (Myenteric
plexus). The submucosa is mainly composed of connective tissue supplied with blood
vessels, lymphoid tissue and a specialised nerve plexus (Meissner’s plexus) (Buddington et
al., 2003). The mucosa is the innermost layer of the GIT and it is in direct contact with the
external environment. The structure, integrity and maturational state of the mucosa greatly
influence the systemic bioavailability of nutrient and non-nutrient compounds (Buddington

et al., 2003) and hence have a direct impact on growth and development.

The mucosa plays an important role in the release of gastric juices, enzymes, hormones and
other regulatory proteins that are critical in the growth and function of the GIT. Pepsin,
gastrin, somatostatin, ghrelin, obestatin, cholecystokinin, leptin are amongst some of the

active substances produced by the GIT mucosal cells (Chen et al., 2006).

In the small intestine, the mucosal surface is folded into villi and microvilli to increase the
surface area available for absorption. Each villus is made up of columnar epithelial cells
(enterocytes) which originate from the crypt and mature into absorptive cells as they
migrate up the villus (Barltrop and Brueton, 1990). Neonatal enterocytes are highly
permeable and have the ability to take up macromolecules intact by non-selective
pinocytosis (Pacha, 2000). The permeability of the neonatal GIT is a physiological
adaptation for the uptake of immunoglobulins and growth factors from the mother’s milk.
In rats, normal intestinal closure which is stimulated by glucocorticoids, will only occur 3
weeks after birth (Pacha, 2000; Sangild, 2006). Therefore, interaction of nutrients and
xenobiotics with the neonatal rat GIT is expected to significantly differ from that of the

adult rat.

24



1.6. Effect of phytochemicals on the GIT

The exposure of the GIT to foreign compounds can have both beneficial and detrimental
physiological effects. Some phytochemical compounds have the ability to induce the
release of various tropic and trophic regulatory molecules and hence elicit proliferative
effects on the mucosal cells of the GIT. An example is the inductive effect of plant based
protease inhibitors on the release of gastrin by the gastric G cells and cholecystokinin by
the duodenal I cells (Buddington et al., 2003). Gastrin augments the release of gastric acid
in the stomach and also enhances the proliferation and maturation of parietal cells (Jain and
Samuelson, 2006). Cholecystokinin on the other hand, increases pancreatic secretions and
has an effect on satiety (Beglinger, 2002). Phytochemicals can also mimic regulatory
peptides, bind to specific receptors and activate or amplify signaling pathways. Examples
are phytoestrogens which have been reported to influence the absorption of nutrients by

enterocytes (Buddington et al., 2003).

While some phytochemicals have beneficial effects, some adversely affect the structural
integrity of the GIT and reduce both its digestive and absorptive capacity. Polyphenolics
e.g. tannins have an astringent and purgative effect that supports their use in the treatment
of diarrhoea but they are also known to exhibit a puckering effect and hence reduce the
surface area of the epithelial cells of the intestinal mucosa (Acamovic and Brooker, 2005;

Bajec and Pickering, 2008).
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Some phytochemicals are inhibitors of digestive proteins. Saponins, polysaccharides and
tannins are well known inhibitors of proteases (Buddington et al., 2003). Herbal medicines
can also reduce carrier-mediated transport of nutrients from the lumen into enterocytes.
Research suggests that the decrease in transport of glucose caused by polyphenols is most
likely to be the result of non-specific binding to carrier proteins such as sodium dependent
glucose transporter 1 (SGLT-1) and glucose transporter 2 (GLUT 2) (Kwon et al., 2007,
Hanhineva et al., 2010). Tannins bind and precipitate both surface and luminal proteins

and hence reduce digestive efficiency of the GIT (Shahidi and Naczk, 1992).

Phytochemicals also affect the microbial population of the GIT. Polyphenolic compounds,
alkaloids and flavones are common antimicrobial agents naturally produced by plants to
fight off bacterial and fungal infections (Cowan, 1999; Buddington et al., 2003). While the
use of the compounds is advantageous in the reduction of pathogenic microorganisms, the
same compounds can have unfavourable effects on the delicate balance of the natural flora
of microorganisms that are resident in the GIT. Intestinal microbes have critical roles in
digestion which include; fermentation and production of essential nutrients such as amino
acids (arginine, cysteine and glutamine), synthesis of vitamins (B and K complex) and
production of short chain fatty acids (SCFA) (Cencic and Chingwaru, 2010). SCFA are a
good energy source, which can provide 10-30 % of basal metabolic requirements to the
growing animal (Cencic and Chingwaru, 2010). The disruption of the microbial load by
phytochemicals leads to reduced metabolism of essential and non essential elements
consequently resulting in subnormal growth and development. The GIT microflora is also
involved with the production of bile acids and anticarcinogenic compounds (O’Sullivan et

al., 2005). These microorganisms further act as a barrier against pathogens by preventing
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mucosal adherence and by producing bacteriocins. They also have key roles in the
development of both the humoral and cell mediated immune function of the neonate

(Bauer et al., 2006; Cencic and Chingwaru, 2010).

1.7. Nutrition and growth in neonates

Growth is defined as the increase in size (hypertrophy) and/or number (hyperplasia) of
cells (Malina et al., 2004). The growth and development of an organism is determined by
the complex interaction of genetic, environmental and nutritional factors. Although
hormones, growth factors and other regulatory proteins have key roles in regulating
growth, cellular growth is ultimately controlled by the intracellular availability of nutrients
(Russell and Rhoads, 2008). The nutritional state of the neonatal period influences cell
proliferation and consequently determines the size of the organs and the organism (Winick
and Noble, 1966). Nutritional insults during the suckling period can have irreversible
effects on the growth of cells and their critical organisation into functional organs
(Sefcikova and Mozes, 2002). The interaction of phytochemicals with the GIT mucosal
surface, hydrolytic enzymes, secretory bodies, nutritional elements and normal gut flora in
neonates could have inhibitory and irreversible effects on both body mass gain and linear

growth.

1.8.  Justification of the present study

In Africa, the common wild fig (Ficus thonningii) is extensively used as an alternative and

a complement to conventional drugs. As reviewed earlier, F. thonningii has a broad range
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of pharmacological effects that arise from the presence of physiologically active
phytochemicals such as flavonoids, terpenoids, tannins and alkaloids. Furthermore, F.
thonningii has a remarkable nutritional profile and it is a common household functional
food. Due to its high nutritional value and therapeutic potential, mothers may be tempted to
use F. thonningii for their babies particularly in drought prone areas where food security is
threatened. Nursing mothers could expose their suckling infants to bioactive compounds
from F. thonningii by giving them either directly as a medicinal supplement or indirectly
via breast milk. The bioactive compounds found in F. thonningii extracts, may affect the
proliferation and differentiation of intestinal epithelial cells, resulting in irreversible

structural and functional changes in the neonatal GIT.

Researchers have mainly focused on the physiological effects of F. thonningii in adult rats
but the neonatal rat is a better model to assess the effects of F. thonningii in babies owing
to its sensitive, rapidly growing and relatively more permeable GIT. The permeability of
the neonatal GIT allows the passage of various phytochemicals through to the portal
circulation and hence allows the assessment of the effects of the plant’s extracts on the
liver (Linderoth et al., 2005). Exclusively fed on milk, the neonatal rat can be used to
accurately evaluate the effects of F. thonningii on the GIT, independent of other dietary

factors.

Despite its wide spread use both as food and as medicine, there is currently no research on
the effects of F. thonningii on the growth and clinical biochemistry of neonates. The
effects of this plant on the morphology and morphometry of the GIT of neonates have not

been thoroughly researched. In view of this existing research gap, this study sought to fill
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the void of knowledge that surrounded the subject. The objective of this study was to
determine the effects of orally administered aqueous and alcoholic leaf extracts of F.
thonningii on: growth performance, GIT and accessory organ morphology and
morphometry, and clinical biochemistry of neonates using suckling Sprague Dawley rat

pups as an animal model for the human baby.

1.9. Aims and objectives

The main objective of this study was to determine the effect of aqueous and alcoholic
extracts of F. thonningii leaves on growth performance, GIT morphology and clinical

biochemistry of suckling Sprague Dawley rats.

The specific objectives of the study were to:

1. Identify the major classes of phytochemicals in F. thonningii extracts that could be

responsible for its physiological effects.

2. Determine the acute toxicity of F. thonningii by evaluating the effects of aqueous

and methanolic extracts on Brine shrimp (Artemia salina) larvae.

3. Determine the effects of orally administered aqueous and methanolic extracts of F.

thonningii leaves on:

a) Growth performance of suckling Sprague Dawley rat pups by measuring:

1. body mass gain,
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il. femur and tibia growth and density as a measure of linear growth.

b) The morphology and morphometry of the GIT and accessory organs by

determining:
1. lengths and/or masses of visceral organs,
ii. histology of the caecum, liver and proximal segments of the small
intestine,
iii. the height of the villi and the depths of the crypts.

c. Metabolic substrates by measuring:

1. circulating glucose, triglycerides, cholesterol,

il. hepatic glycogen and hepatic lipid content of the rats.

d. The general health profile of the rats by measuring:

1. plasma levels of markers of liver function; alanine transaminase

(ALT), alkaline phosphatase (ALP) and circulating levels of total

bilirubin,
1l. plasma protein levels (albumin, globulin and total protein),
1ii. blood urea nitrogen (BUN), creatinine, phosphates and calcium,
1v. packed cell volume.
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CHAPTER 2-MATERIALS AND

METHODS
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2.1. Plant collection and preparation

Fresh Ficus thonningii leaves were sourced from Gweru, in the Midlands Province of
Zimbabwe, wrapped in paper and transported overnight to the University of the
Witwatersrand, Johannesburg. Gweru (19.75 °S and 29.9 °E) (Hove, 2000), has an altitude
of 1430 m above sea level and an average annual rainfall of 643 mm (Moyo, 2006).
Identification, authentication and verification of the species was done by botanists and
nature conservationists; John and Sandra Burrows in Johannesburg, South Africa. The
leaves were thoroughly cleaned of all foreign material and dried in an oven (Salvis®,
Salvis Lab, Schweiz, Switzerland) at 40 °C, for 24 hours (Okwari and Ofemi, 2011). The
crisp dry leaves were ground to powder using a Waring blender (Waring ®, Lasec SA

Company, USA).

2.2. Dry matter and moisture content determination

The dry matter content of Ficus thonningii leaves was determined by weighing a
representative sample of fresh leaves before drying them in an oven (Salvis®, Salvis Lab,
Schweiz, Switzerland) until a constant mass was obtained. The formula:

Moisture content (%) = (Fresh mass — Dry mass) x 100

Fresh mass
was used to calculate the moisture content. Dry matter was obtained from calculating the

difference between the fresh (wet) mass and the moisture content.
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2.3. Extraction

Crude methanolic and aqueous extracts of F. thonningii were made by mixing 80 g of the
dry leaf powder with 1L of 80 % methanol (Merck Chemicals, Johannesburg, South
Africa) and 1L of distilled water respectively (Okwari and Ofemi, 2011). The mixtures
were incubated for 24 hours at 25°C. After extraction, the mixtures were filtered using
Whatman Grade No.l filter paper (Whatman Ltd, England, UK) and the residue was
discarded. The filtrate was concentrated using a rotor evaporator (Labocon (Pty) Ltd,
Krugersdorp, Transavaal, South Africa) before drying in an oven (Salvis®, Salvis Lab,
Schweiz, Switzerland) at 40 °C. The resultant residue was recovered and weighed to

determine extract yield (Obrefuna et al., 1992; Aniagu et al., 2008).

2.4. Brine shrimp (Artemia salina) toxicity assay

The brine shrimp lethality assay was carried out as described by Vanhaecke et al, (1981)

and Wanyoike et al, (2004).

2.4.1. Hatching and preparation of nauplii

Brine shrimp eggs (cysts) were hatched by incubating them in 2.9 % saline solution for 24
hours, at room temperature. The incubation chamber was continuously aerated by an
infusion pump (Havard Apparatus, MRC, Millis, USA) with a small tube extending to the

bottom. After 24 hours, the larvae (nauplii) were harvested by attracting them with light
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and collecting them with a pipette. The live nauplii were transferred into small beakers

containing 2.9 % saline solution.

2.4.2. Brine shrimp assay

Fifty milligrams of methanolic F. thonningii extracts were dissolved in 5 ml of
dimethylsulfoxide (DMSO) and made up to 100 ml with 2.9 % saline solution. The
methanolic solution was serially diluted to achieve the following concentrations: 5000,
500, 50, 5, 0.5 and 0.05 pug/ml. The first aqueous doses used (up to 5 mg/ml) were non
toxic so the stock concentration of aqueous extracts was increased to 200 mg/ml. This was
then diluted to achieve the following concentrations: 200, 100, 50, 10, 5 and 2.5 mg/ml.
The extract solutions were transferred to a 24-well plate. Two milliliters of each solution
were added to each well, in triplicate, in decreasing concentrations. Saline solution (2.9 %)
was used as the negative control. Potassium dichromate a chemical toxicant with cytotoxic
properties was used as positive control at 3000, 300, 30 and 3 pg/ ml. Ten nauplii were
transferred into each well using a 50 uL pipette and the plates were incubated for 24 hours
at room temperature. The numbers of dead nauplii in each well were then counted using an
opthalmic surgical microscope (Leica M620, Japan). The nauplii were considered dead if
no movement of appendages were observed within 10 seconds. The percentage mortality
was calculated using the following formula:

Mortality (%) = _Number of dead nauplii =~ x 100

Initial number of live nauplii
A graph relating % mortality and the decimal logarithm of concentration of extracts was

plotted using non linear regression. The concentration required to kill 50 % of the nauplii
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within 24 hours (median lethal concentration/ LCsy-24 hr) was calculated from the three

replicates and averaged for each treatment. Results were presented as Mean LCsy + SEM.

2.5. Phytochemical determination

Preliminary phytochemical screening tests were carried out to determine the major classes
of phytochemical classes present in both the aqueous and methanolic F. thonningii leaf
extracts. The phytochemicals were classified based on a qualitative colour reaction with
specific reagents as originally described by Harbone, (1973); Sowofora, (1993) and Trease

and Evans, (2002).

2.5.1. Terpenoids: Salkowski’s test

To test for terpenoids, 2 ml of chloroform were added to 0.5 g of plant extracts and 3 ml of
concentrated sulphuric acid resulting in the formation of two layers. A reddish brown
colour development at the interface of these layers showed a positive confirmation of the

presence of terpenoids, or specifically plant steroids (Ayoola et al., 2008).

2.5.2. Alkaloids: Mayer’s reagent test

Plant extracts (200 mg) were boiled in 20 ml of 1 % sulphuric acid and 2 ml of 50 %
ethanol were added. Twenty 20 ml of ammoniacal chloroform added. The phases were
separated using dilute sulphuric acid and 5 drops of Mayer’s reagent added. The formation

of a cream precipitate indicated the presence of alkaloids (Siddiqui et al., 2009).
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2.5.3. Saponins: Froth test

A millilitre of each plant extract filtrate was shaken in 10 ml of distilled water for 30

seconds. Persistent frothing indicated the presence of saponins (Sowofora, 1993).

2.5.4. Flavonoids: Shinoda’s test

Plant extracts (200 mg) were dissolved in ethanol and chips of magnesium ribbon were
added. A millilitre of concentrated hydrochloric acid was then added and colour
development observed. A pink or red colour showed the presence of flavonoids (Trease

and Evans, 2002).

In another method, 5 ml of 10 % ammonium hydroxide was added to 2 ml of the plant
extract filtrate. After thorough mixing, 1 ml of concentrated sulphuric acid was added. A

yellow colour showed the presence of flavonoids (Siddiqui et al., 2009).

2.5.5. Anthraquinones

Half a gram of extracts was boiled in 10 ml 2M sulphuric acid, filtered and shaken with 5
ml chloroform to form two layers. The organic layer was pipetted into a new tube and 1 ml
of 10 % ammonium hydroxide was added before colour changes were observed (Ayoola et

al., 2008).
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2.5.6. Phlobatannins

Plant extracts (0.5 g) were boiled in 1 % hydrochloric acid and a red precipitate showed the

presence of phlobatannins (Jana and Shekhawat, 2010).

2.6. Ethics clearance and study setting

The Animal Ethics Screening Committee of the University of the Witwatersrand approved
the study (Ethics number - 2011/22/2A) (Appendix 1). All animal studies were carried out
in the multipurpose animal unit of the Central Animal Services at the University of the
Witwatersrand. Laboratory analyses were carried out in the School of Physiology, at the

University of the Witwatersrand.

2.7. Housing and general care of the rat pups

Five Sprague Dawley rat dams, each with 8 + 1, six-day old pups were obtained from the
Central Animal Services. Each dam and its respective litter were housed in perspex cages
lined with wood shavings. Temperatures were maintained at 22 + 2 °C. Twelve hour light
and dark cycles (lights on at 07:00 a.m) were followed. Adequate ventilation was provided
at all times. The pups were individually identified by marking with colour-coded, non-
toxic permanent marker ink on their tails. During the course of the study, the pups were
allowed to nurse freely with their dams. The dams were provided with standard rat chow

(Epol, South Africa) and drinking water ad libitum.

37



2.8. Study design

The 40, six-day old, suckling pups were randomly allocated to five treatment groups each
consisting of 8 pups of either sex. Pups in each litter were split into different groups to

avoid maternal effect bias.

2.9. Treatments

The six-day old rat pups were weighed at induction and they were given a day to
familiarize with the environment before receiving treatments. The pups were weighed daily

before receiving the following treatments at a volume of 5 ml/kg body weight:

1. Group 1 - Distilled water
ii.  Group 2 - Low aqueous dose (50 mg aqueous extract/kg body weight)
1ii. Group 3 - High aqueous dose (500 mg/kg body weight)
iv.  Group 4 - Low methanolic dose (50 mg alcoholic extract/kg body weight)

v. Group 5- High methanolic dose (500 mg/kg body weight)

The plant extract solutions were suspended in distilled water and administered once daily
by orogastric gavage using an orogastric gavage tube, for 7 days. The dams did not receive
any treatments but they were weighed as part of a routine health monitoring regime. The
doses used are within the range 50-1000 mg/kg b.w used by other researchers (Aniagu et

al., 2008; Musabayane et al., 2007; Coker et al., 2009) and below the LDs of F. thonningii
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(> 3000 mg/kg b.w) (Aniagu et al., 2008). All pups were monitored for any behavioral
changes (isolation from other pups and reduced activity), clinical signs of toxicity
(respiratory distress, colour of the mucus membrane, uncoordinated movements and

staining of the perineum) throughout the course of the experiments.
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2.10. Termination and tissue sample collection and storage

Blood for glucose and triglyceride determination was collected before euthanase by the
tail-prick method. Circulating glucose were measured using a glucometer (Accu-Chek
Active Roche Diagnostics, Germany) and the triglycerides using a portable triglyceride
meter (Acutrend, Roche Diagnostics). Pups were then euthanased by intra-peritoneal
injection of sodium pentobarbitone (100 mg/kg b.w) (Euthanase®, Centaur labs,
Johannesburg, South Africa). The thorax was opened and 1 ml of blood was collected by
cardiac puncture using a 21G needle, into lithium-heparin tubes. The tubes were gently
inverted for 30 seconds immediately after collection to thoroughly mix the blood with the
anticoagulant. The pups were dissected to remove the abdominal visceral organs. The
luminal contents of the stomach, large intestine and caecum were gently squeezed out.
Gross morphometric measurements of the stomach, caecum, large intestine and the small
intestine were recorded. Additionally, the liver, pancreas, spleen and the kidneys were
weighed using a balance (Precisa 310M, Precisa Instruments, Switzerland). Sections of the
small intestine, caecum, spleen, and liver were collected and preserved in 10 % phosphate-
buffered formalin for histology. Liver samples were stored in a freezer (Bosch,
Johannesburg, South Africa) at -20 °C for the determination of hepatic metabolic

substrates.

2.11. Blood sample preparation

Packed cell volumes (PCV) were determined by spinning whole blood at 12800 rpm for 2

minutes in a microhaematocrit centrifuge (IDEXX Statspin® VT Centrifuge, Netherlands).
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Plasma samples were prepared by spinning the blood collected in the lithium-heparin tubes
in a centrifuge (SorvallIRT®6000B, DuPont Instruments, New York, USA) at 8000 rpm,
for 10 min, at 22 °C. After centrifugation, plasma was transferred into microtubes
(Eppendorf, Hamburg Germany) plain tubes and stored in a freezer (Bosch, Johannesburg,

South Africa) at -20 °C for biochemical profiling.

2.12. Growth performance determination

2.12.1. Body mass gain

The pups were weighed daily to determine the effects of the extracts on body mass gain.

The difference between the induction mass and the termination mass was taken as the total

gain in body mass for the period of treatment. The average daily mass gain was calculated

by dividing the total body mass gain by the number of days the pups received treatment.

2.12.2. Visceral organ mass

The visceral organs collected at termination were weighed and relative organ masses were

calculated using the formula:

Relative organ mass = Absolute organ mass x 100

Termination mass

41



2.12.3. Linear growth

The lengths of the tibia and femur were measured to determine linear growth. To achieve
this, the long bones were dissected out and cleaned of all flesh. The lengths were then
measured using a ruler and recorded in millimeters. Femur length was determined by
measuring the distance between the proximal-most point of the femur head and the distal-
most point of the femur. Tibia length was determined by measuring the distance between
the tibia head closest to femur and the medial malleolus. The bones were then dried to a
constant weight in an oven (Salvis®, Salvis Lab, Schweiz, Switzerland) at 45° C and their

dry masses measured using a balance (Precisa 310M, Precisa Instruments, Switzerland).

2.13. Biochemical profiling for general health status of the rat pups

Twelve biochemical parameters were analysed to assess the effect of F. thonningii crude
extracts on the general health status of the rat pups. Plasma concentrations of alkaline
phosphatase (ALP), alanine amino transaminase (ALT), total bilirubin, total protein,
amylase, globulin, albumin, creatinine, urea, cholesterol, phosphate and calcium were
determined using a calibrated colorimetric chemistry analyser (IDEXX VetTest®
Chemistry Analyser, Netherlands). All assays were carried out according to the
manufacturer’s instructions. In summary, plasma samples were thawed and 150 pL

pipetted into the chemistry analyser. Ten microlitres of plasma sample were automatically
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loaded onto each pre-inserted disk and analysed for 6 minutes before results were

displayed.

2.14. Morphology and morphometry of abdominal viscera

Preserved sections of the small intestine, caecum, and liver were routinely processed in
paraffin-embedded blocks. These were sectioned into: 5 pm liver sections and 8 um
intestine and caecum sections. The sections were stained using haematoxylin-eosin stain
(Otimenyin et al., 2004) after which they were examined under a light microscope. Villi
height, crypt depth and thickness of the serosa and mucosal layers of the intestinal
segments and caecum were measured using an eye-piece mounted micrometer (Reichert ®,
Austria). To screen for possible hepatocellular injury, microscopic examination of
hepatocellular necrosis, inflammation, sinusoidal obstruction, dilation and /or congestion

was carried out (Ramachandran and Kakar, 2008).

2.15. Determination of hepatic storage substrates

2.15.1. Hepatic lipids

Liver lipids were determined as described by Bligh and Dyer (1959). In summary,
homogenised liver samples were steeped overnight in a mixture of chloroform: methanol
(2:1). The extracts were filtered, mixed with normal saline solution (0.09 %) and allowed
to separate. The bottom phase was recovered, dried under vacuum and the lipids were

recovered by resuspending them in chloroform. The amount of lipids in each sample was
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determined by redrying in predried, preweighed glass vials. Lipid weight for each sample

was expressed as a percentage of the original weight of the sample.

2.15.2. Hepatic glycogen

Liver glycogen was determined using the indirect hydrolysis method (Passonneau and
Lauderdale, 1974). In summary, 0.1 g of liver tissue was homogenised in 1 ml of 0.03 M
HCI. Glycogen was hydrolysed by adding 1 ml of 1 M HCI and incubating in a boiling
water bath for 2 hrs. Homogenates were then neutralised by adding 1 ml of 1M NaOH.
Glucose concentrations were measured using a glucose oxidase based colorimetric reaction

on a glucometer (Accu-Chek Active Roche Diagnostics, Germany).

2.16. Statistical analysis

Statistical analysis was carried out using Graph Pad Prism version 5.0 (Graph Pad
Software Inc. California, USA). Data was expressed as Mean + SD and statistically
analysed using One way Analysis of Variance (ANOVA). Differences between means
were tested for statistical significance (p<0.05) using the Bonferroni post hoc test for

significant data.
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CHAPTER 3-RESULTS
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3.1.  Plant extract yield and phytochemical screening

3.1.1. Extract yield

The extract yield from dry material was 4.24 % for aqueous extracts and 3.8 % for

methanolic extracts. The moisture content of F. thonningii leaves was 67%.

3.1.2. Phytochemical composition

Table 3.1 shows the results obtained following the screening of Ficus thonningii leaf
extracts for the presence of phytochemicals. Detectable levels of flavonoids, saponins,
phlobatannins and anthraquinones were observed in both aqueous and methanolic extracts
while tepernoids and alkaloids were detected in methanolic extracts only. Aqueous extracts

contained relatively higher levels of saponins than aqueous extracts.

46



Table 3.1: Phytochemical constituents of crude leaf extracts of F. thonningii

Phytoconstituent Methanolic extract Aqueous extract
Terpenoids/ steroids ++ -
Alkaloids + -
Saponins + +++
Flavonoids ++ +
Phlobatannins + +
Anthraquinones + +

KEY: (+++) = very high, (++) = high, (+) = low, (-) = absent
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3.2.  Brine shrimp acute toxicity assay

Percentage mortalities of brine shrimp (Artemia salina) larvae in F. thonningii extracts are
as shown in Figure 3.1 and 3.2. The median lethality concentration (LCsp-24 hr) for
methanolic extracts of F. thonningii was 31.62 + 2.8 pug/ml while the LCsyp-24 hr of
aqueous extracts was 119.3 + 1.10 mg/ml. Potassium dichromate was used a positive

control and its LCsp-24 hr was 0.3 ug/ml.

3.3. Toxicity, mortality and morbidity

The rat pups showed no behavioral changes or obvious signs of distress or clinical signs of

toxicity. There were no mortalities resulting from the administration of F. thonningii

extracts.
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Figure 3.1: The toxicity effects of methanolic extracts of Ficus thonningii against brine
shrimp (Artemia salina) larvae. Each point represents the mean mortality and error bars

indicate the standard error of the mean (SEM).
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Figure 3.2: The toxicity effects of aqueous extracts of Ficus thonningii against brine

shrimp (Artemia salina) larvae. Each point represents the mean mortality and error bars

indicate the standard error of the mean (SEM).
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3.4. The effect of F. thonningii extracts on growth of rat pups

3.4.1. Body mass gain

Table 3.2 shows the effects of F. thonningii extracts on the body mass gain of rat pups.
There were no significant differences between the induction masses of all rat pups (p =
0.9903) (Table 3.2). Following treatment with aqueous and methanolic extracts for 7 days,
all rat pups showed a significant increase in body mass (p<0.001) (Figure 3.3) but no
significant differences were observed between the body masses of the rat pups in the

treatment groups at the termination of treatment (p = 0.9678) (Table 3.2).
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Table 3.2. Effect of Ficus thonningii extracts on body mass gain of rat pups

Treatments
Control Low aqueous High aqueous Low methanolic High methanolic
Body mass gain (g) 17.26 +2.71 17.68 +3.30 16.55 + 3.65 16.25 + 3.60 14.62 + 3.51
Average daily gain 2.20+0.33 221 +0.41 2.07 +0.46 2.09 +0.45 1.83 +0.44

(g/day)

Data is expressed as mean + SD (n = 8).
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Figure 3.3: Induction and terminal masses of suckling rat pups after 7 days of treatment

with Ficus thonningii extracts. The low doses were administered at 50 mg/kg b.w and high

doses at 500 mg/kg b.w. Data is presented as means and error bars indicate SD (n=8). ***

= p< 0.001.
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3.4.2. Linear growth

Table 3.3 shows the lengths and masses of the tibia and femur of the rat pups after
treatment with F. thonningii extracts. The lengths of the tibia and femur of treated groups
did not differ significantly from the control. Similarly, there were no significant differences
observed between the masses of the tibia and femur of treated animals in comparison with
the control. The densities of both the tibia and femur of treated pups were not significantly

different from the control group (Table 3.3).
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Table 3.3: Effect of Ficus thonningii extracts on the linear growth of rat pups

Treatments
Control Low aqueous High aqueous Low methanolic High methanolic

Tibia

Mass (mg) 38.50 + 7.41 37.25+6.36 36.25 + 9.68 32.88+5.94 32.63+4.63
Length (mm) 15.88 + 0.88 15.94 + 0.56 16.00 + 0.96 15.81 +1.10 15.94 +1.21
Density (mg/mm) 2.54 +0.31 2.34 + 0.40 2.25+0.51 2.04+041 2.04+0.21
Femur

Mass (mg) 40.88 + 5.08 41.13+7.26 37.38 + 8.05 36.00 +5.40 33.88+3.00
Length (mm) 12.88 £ 0.35 13.00 + 0.53 13.38 +0.70 13.25+0.53 13.25+0.60
Density (mg/mm) 3.18 +0.40 3.16 + 0.50 2.79 + 0.50 2.71+0.36 2.56+0.30

Data expressed as mean + SD (n=8).
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3.4.3. Morphometry and histology of the GIT and viscera

Table 3.4 shows data obtained following gross morphometric measurements of the GIT of
suckling rats after 7 days of treatment with F. thonningii extracts. The relative masses of
the stomach were significantly higher in rats treated with the high dose (500 mg/kg b.w) of
F. thonningii methanolic extracts in comparison to the control (p = 0.0007). The low
methanolic dose exhibited no significant increase in relative masses of the stomach. There
was an increase in the relative masses of the caeca across all treatment groups but this
increase was not statistically significant (p = 0.0817). However, histological examination
of the caeca showed a significant dose dependent increase in the thickness of mucosal
layers of the aqueous and methanolic treatment groups (p = 0.0001) (Table 3.7). The

muscularis and serosa of the caecum were not significantly different across all treatments.

There were no significant differences observed between the relative masses of the small
intestine across all treatment groups (p = 0.2155). Microscopic morphometric
measurements showed a non significant increase in the villi height (p = 0.2431) and crypt

depth (p = 0.6069) of treated groups in comparison to the control (Table 3.6).

The relative masses of the large intestine, liver, pancreata, spleen and kidneys of treated

groups were not significantly different from the control (p > 0.05) (Tables 3.4 and 3.5).
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Table 3.4: Gross morphometry of the GIT of suckling rats after 7 days of treatment with crude extracts of Ficus thonningii

Treatment
Organ Control Low aqueous High aqueous Low methanolic High methanolic
S.I (2) 1.40 + 0.42 1.42 +0.25 1.63+0.28 1.45+0.43 1.60 + 0.32
S.I (%) 3.65+1.18 4.01+1.02 4.73 +1.31 4.51 +1.40 497 +1.22
S.I (mm) 577.22 4+ 54.26 588.50 + 52.58 603. 75 + 33.67 582.22 +74.67 616.88 + 38.72
L.I (2) 0.16 + 0.06 0.15+0.03 0.16 + 0.04 0.15+0.04 0.16 + 0.02
L.I (%) 0.44 +0.21 0.43+0.11 0.45+0.10 0.47+0.13 0.49 + 0.07




Table 3.4 (continued)

L.I

Caecum

Caecum

Stomach

Stomach

(mm)

€]

(%)

€]

(%)

78.89 +3.92

0.15+ 0.04

0.42+0.14

0.23 +0.04

0.63 +0.09

76.00 + 6.97

0.16+ 0.03

0.45+0.12

0.23 +0.02

0.63 + 0.06

78.25 + 8.00

0.22+ 0.05

0.64 +0.16

0.23 +0.03

0.64 + 0.06

73.33 +11.73

0.19+0.07

0.58 +0.28

0.24 + 0.04

0.71 +£ 0.06

73.13 +2.59

0.19 + 0.04

0.59 +0.14

0.25+0.02

0.77 + 0.08**

KEY: S.I= Small intestine; L.I = Large intestine. Absolute values are expressed in grammes (g) and millimeters (mm) and relative

masses as a percentage (%) of the body mass at the time of termination. ** = p< 0.01. Data is expressed as mean + SD (n=8).
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Table 3.5: Visceral organ weights of suckling rats after 7 days of treatment with crude extracts of Ficus thonningii

Treatment
Organ Control Low aqueous High aqueous Low methanolic High methanolic
Liver (2) 1.25+0.20 1.25+0.12 1.25+0.17 1.27 +0.24 1.23 +0.13
(%) 3.48 +0.76 3.49 +0.53 3.58 +0.61 3.88 +0.72 3.79 + 0.49
Spleen (2) 0.22 +0.05 0.24 + 0.05 0.22 +0.05 0.21 + 0.06 0.19 + 0.03
(%) 0.63 + 0.08 0.66 +0.12 0.62 +0.10 0.61 +0.10 0.59 +0.10

59



Table 3.5 (continued)

Pancreas

Kidneys

(@

(%)

€3]

(%)

0.10 +0.02

0.27 +0.05

0.42 +0.05

1.17+0.10

0.11 +0.04

0.29 +0.09

0.46 + 0.06

1.27+0.12

0.12 +0.05

0.34 +0.11

0.43 +0.08

1.22+0.11

0.09 +0.03

0.27 +0.05

0.42 +0.08

1.25+0.13

0.10 + 0.03

0.31+0.13

0.41 +0.04

1.26 +0.09

KEY: Absolute masses are expressed in grammes (g) and relative masses as a percentage (%) of the terminal body mass. Data is

expressed as mean + SD (n=8).
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Table 3.6: Effect of Ficus thonningii extracts on the morphometry of the small intestine of suckling rats

Treatment
Control Low aqueous High aqueous Low methanolic High methanolic
Villus height (um) 50.42 +5.78 58.24 + 10.75 59.95 +7.58 60.25+9.77 60.32 +4.77
Crypt depth (um) 7.66 + 1.80 8.41+1.85 9.30 + 1.26 8.82 +2.44 8.82 + 1.37
Muscle (um) 3.31+0.27 3.38 +0.63 3.6 +0.68 3.58+0.43 2.77+0.25
Serosa (um) 1.00 + 0.00 1.10 +£0.22 1.00 + 0.00 1.00 + 0.00 1.00 + 0.00
VH/CD ratio 6.78 + 1.25 7.02 +0.79 6.51 +0.89 6.96 + 1.05 7.00 + 1.39

KEY: VH= villus height, CD = crypt depth. Data is expressed as mean + SD (n=8).
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Table 3.7: Effect of Ficus thonningii on the morphometry of the caecum of suckling rats

Treatment
Control Low aqueous High aqueous Low methanolic High methanolic
Mucosal layer (um) 11.20 + 0.84 14.80 + 0.8%* 16.20 + 1.30**%* 12.75 +2.22 16.00 + 0.82**%*
Muscularis + serosa (um) 3.00+0.71 3.80 +0.84 3.80 + 0.84 3.25+0.50 325+0.5
Total thickness (um) 14.4 +0.55 18.6 + 1.34%* 20.00 + 2.12%%* 16.00 + 2.58 19.25 + 0.96**

** = p<0.01, *** = p< 0.0001. Data is expressed as mean + SD (n=5). The low aqueous, high aqueous and high methanolic groups had

significantly higher mucosal layer thickness and total thicknesses when compared to the control and the low methanolic groups.
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3.5. The effect of F. thonningii extracts on metabolic substrates

Figure 3.4 shows the concentrations of non fasting blood glucose in suckling rat pups
following treatment with F. thonningii extracts. The high methanolic group had a
significantly lower mean non fasting blood glucose concentration compared to the control
group and the aqueous groups (p = 0.0008). The low methanolic group was not
significantly different from the high methanolic group. The circulating non fasting levels
of triglycerides were high in all groups including the control. Triglycerides values fell

above the limit detectable by a TG meter (6.8 mmol/L) across all groups.
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Figure 3.4: Non fasting blood glucose concentrations of suckling rats after 7 days of
treatment with crude extracts of Ficus thonningii. The low doses were administered at 50
mg/kg b.w and high doses at 500 mg/kg b.w. Data is presented as means and error bars

indicate SD (n=8).*** =p < 0.0001.
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3.6. The effects of F. thonningii extracts on the hepatic storage substrates of rat

pups

The effects of F. thonningii extracts on liver lipids and glycogen levels are shown in Table
3.8. There were no significant differences between the levels of lipids in treated groups in
comparison to the control (p = 0.05). Glucose concentrations (from the hydrolysis of

glycogen) were not significantly different across all treatments (p = 0.7762).
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Table 3.8: Effects of F. thonningii extracts on hepatic storage substrates of rat pups

Treatment
Control Low aqueous High aqueous Low methanolic High methanolic
Lipids (%) 4.89 + 1.00 4.29 +0.97 5.89 + 1.47 5.98 +0.97 5.78 + 1.07
*Glycogen (mmol/L) 3.85+0.74 4.31 +0.57 4.03 + 0.86 3.68 +1.06 396+ 1.5

Data is presented as Mean + SD (n = 8). *Glycogen expressed as glucose equivalents.
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3.7. Clinical biochemical measures for general health status of suckling rats

The clinical biochemical parameters of suckling rats treated with aqueous and methanolic
extracts of F. thonningii are shown in Table 3.9. All groups including the control group
had high levels of alkaline phosphatase (ALP), falling above the normal reference value
(370 U/L) (Espandiari et al., 2008). However there were no significant differences between
the ALP values of the treated groups in comparison to the control. There were no
significant differences observed in the plasma concentrations of phosphates, calcium,
creatinine, albumin, globulin and total proteins across all treatment groups. Although there
was a general decrease in the plasma levels of urea, total bilirubin and alanine amino
transaminase (ALT) of the treated groups in comparison with the control, the decrease was
insignificant (p>0.05). Cholesterol levels were within normal ranges but slightly on the
high side across all treatment groups including the control. There were no differences

between the cholesterol levels of treated groups in comparison to the control (p = 0.9854).
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Table 3.9: Clinical biochemical parameters of suckling rats after 7 days of treatment with crude extracts of Ficus thonningii

Treatment
Plasma biochemical Control Low aqueous High aqueous Low methanolic High methanolic Reference
parameter values
Cholesterol (mmol/L) 4.44 +0.35 4.44 + 0.46 4.31+0.54 4.44 +0.70 4.37+0.72 3.8-4.6*
Urea (mmol/L) 7.26 +2.09 590+ 1.10 5.81+1.90 750 + 1.8 598 +1.77 6.6-8.39*
Creatinine (umol/L) 31.75 + 6.60 48.00 + 54.99 31.38 +8.20 48.8 +48.36 33.63 +4.00 34.00-57.00
Phosphate (mmol/L) 3.14+0.36 3.32+0.52 3.05+0.25 3.22+0.24 293 +0.25 1.87-3.61
Calcium (mmol/L) 2.88+0.34 291 +0.19 2.80+0.13 2.99+0.22 2.75+0.17 2.92-3.08*
Total protein (g/L) 42.63 +2.72 44.35 +2.49 42.00 +2.45 44.25 +5.70 43.38 + 6.25 41.3-44.7*
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Table 3.9 continued

Globulin (g/L) 20.12+1.89 20.75+£2.82 19.00 + 1.69 17.25+3.92 18.25+2.43 15.6-18.4%*
Albumin (g/L) 22.50 + 1.60 23.50 + 1.69 22.75 4+ 1.67 27.13+£6.79 25.38 +6.95 25.4-26.6*
ALT (U/L) 31.00 + 13.04 27.00 £ 11.55 25.63 +9.58 31.50 + 18.28 28.38 + 7.65 37-69 *
ALP (U/L) 410.38 +41.44 385.75 + 86.75 371.00 + 84.71 414.88 +77.29 363.50 + 85.86 290-370"
Amylase (U/L) 1117.88 £ 136.67 1061.63 + 128.18 1092.75 + 128.14 1140.75 +289.32 1064.50 + 195.05 326.00-2246
Total bilirubin (umol/L) 10.38 +3.82 10.38 +3.89 8.25+3.45 6.5+2.93 8.25 +2.87 2.00-12.00

ALP = alkaline phosphate, ALT = alanine transaminase. * Papworth and Clubb, 1995: # Espandiari et al., 2008. All other reference

values are as supplied by IDEXX Laboratories, Netherlands. Data is presented as Mean + SD (n=8).
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3.8. Effect of F. thonningii extracts on the packed cell volumes of rat pups

Figure 3.5 shows the comparison between PCVs of the treatment groups and the control.
The group receiving the high aqueous dose of F. thonningii extracts showed a significant
decrease in the packed cell volume in comparison to the control (p=0.048). All other

values from the different groups were not significantly different from the control.
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Figure 3.5: Packed cell volumes (PCVs) of suckling rat pups after 7 days of treatment
with crude Ficus thonningii extracts.The low doses were administered at 50 mg/kg b.w and

high doses at 500 mg/kg b.w. Data is presented as means and SD (n= 8). * = p <0.05.
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CHAPTER 4-DISCUSSION
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41 Summary

The aim of this study was to investigate the effects of Ficus thonningii extracts on growth,
morphology, morphometry of the GIT and visceral organs and the clinical biochemistry of
suckling rats. Methanolic extracts of F. thonningii were cytotoxic to Brine shrimp larvae
but aqueous extracts were non toxic. Results obtained from the animal study revealed that
short term, oral administration of F. thonningii extracts may not promote precocious
maturation of the neonatal rat intestine but had significant trophic effects on the stomach
and the mucosal layers of the caecum. Treatment of neonatal rats with F. thonningii
extracts may not result in disruption in the normal function of the liver and the kidneys.
The results also confirmed that methanolic extracts of F. thonningii possess glucose-
lowering effects. The physiological effects exhibited by F. thonningii are a result of the
presence of various biologically active secondary metabolites. Phytochemical analysis of
F. thonningii extracts confirmed the presence of alkaloids, flavonoids, terpenoids, tannins
and saponins. Methanolic extracts of F. thonningii exhibited toxic effects in Artemia salina
larvae but at the doses used in this study, there was no evidence of toxicity in the neonatal

rats.

4.2. Phytochemical constituents of F. thonningii

Preliminary, qualitative phytochemical screening of F. thonningii leaves revealed the

presence of alkaloids, tannins, anthraquinones, terpenoids (steroids), flavonoids and

saponins. Previous studies on the phytochemistry of F. thonningii have also reported the

presence of these phytochemicals (Ndukwe et al., 2007; Usman et al., 2009; Ahur et al.,
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2010). These phytochemicals could be responsible for the broad pharmacological activity
of F. thonningii that supports its widespread use in African traditional medicine. Although
the methods used in this study were qualitative, the intensity of colour development in the
determination of terpenoids, flavonoids and alkaloids was higher in methanolic extracts as
compared to aqueous extracts. These observations suggest that there were higher
concentrations of these phytochemicals in methanolic extracts than there were in the
aqueous extracts. This is probably because methanol has a higher polarity index than water
hence will extract a higher concentration of phenolic compounds (Cowan, 1999).
Additionally, most plant secondary metabolites are organic in nature and hence partition
well in organic solvents. This justifies the use of palm wine as a solvent in ethnomedicinal
systems of West Africa (Akinsulire et al., 2007). On the other hand, the degree of frothing
observed when the aqueous extracts were tested for saponins was higher than in
methanolic extracts. This suggests that there were higher saponin levels in aqueous extracts
as compared to methanolic extracts. Saponins possess hydrophilic glycoside moieties

which increases their solubility in water as compared to methanol (Cowan, 1999).

4.3. Brine shrimp toxicity assay

The scientific validation of potential acute and chronic toxic effects of plant medicines is
crucial in light of their widespread use and the common misconception that ‘“green
medicine” is always safe. The brine shrimp lethality test was used to determine the toxicity
of F. thonningii extracts. Plant extracts with LCsy-24 hr values greater than 1 mg/ml are

considered to be non toxic (Latha et al., 2010). The low LCso-24 hr of methanolic extracts
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(31.62 pg/ml) shows that the extracts are highly toxic to brine shrimp larvae, while
aqueous extracts were non-toxic (LCsp-24 hr = 119.3 mg/ml). These results also suggest
that there are higher concentrations of bioactive compounds in methanolic extracts in
comparison with aqueous extracts. However, although the methanolic extracts of F.
thonningii were toxic to brine shrimp larvae, they did not exhibit any visible toxic effects
in the rat pups. F. thonningii is generally considered non toxic when administered orally at
low doses (Aniagu et al., 2008; Ahur et al., 2010). The median lethal dose (LDs) of F.
thonningii aqueous extracts administered orally in adult Wistar rats was reported to be
above 3000 mg/kg body weight (Aniagu et al., 2008). However, rats showed 100%
mortality after intraperitoneal administration of 600 mg/kg body weight of the same
extracts and the LDsq intraperitoneally was reported to be 584 mg/kg b.w (Aniagu et al.,
2008). This implies that some of the toxic principles in F. thonningii are metabolised in
their passage through the GIT and the liver. Clinical trials of F. thonningii extracts in

humans have to be done before conclusions on its safety can be drawn.

4.4. Opverall effect of F. thonningii extracts on growth of rat pups

Oral administration of F. thonningii extracts for 7 days did not result in any significant
changes in increase in body mass in all treatment groups compared to the control despite
the presence of antinutritional factors. F. thonningii leaves when used as fodder have been
shown to increase the body weight in rabbits owing to the high levels of crude protein
(Jokthan et al., 2003). The protein content of the extracts was not measured but it is likely
that the growth-promoting effects of crude extracts could have been lower due to loss of

protein during the extraction process. Proteins are amphoteric in nature and therefore
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require specific pH conditions to solubilise. The concentrations of proteins in extracts
could have therefore been lower than the original concentration from the F. thonningii
leaves. As a result, leaf extracts of F. thonningii might not exhibit as much growth

promoting effects as the fodder.

The lengths and densities of anti-gravity bones (tibia and femur) can be used as a reliable
index of growth (Eshet et al., 2004). Unlike body mass which is usually influenced by
several factors such as food intake and the hydration status of the animal, linear growth
measurements can be used as a more accurate determination of growth patterns (Hills and
Parizkova, 2002). The tibial and femoral lengths and densities of treated animals in this
study were not significantly different from the control group. This shows that F. thonningii

extracts did not have significant effects on the linear growth of the suckling pups.

4.5. Effects of F. thonningii on GIT morphology and morphometry

Morphological assessment of the developing gut is a useful tool in evaluating the effects of
dietary changes on the physiology of neonates (Barltrop and Brueton, 1990). Rats have an
altricial mode of GIT development which is characterised by a relatively immature gut at
birth which undergoes major structural and functional changes postnatally (Linderoth et
al., 2005). Dietary changes during the suckling period are often followed by changes in

mass, surface area, digestive and absorptive capacity of the neonatal GIT (Sangild, 2006).

Phytochemicals increase proliferation of the enterocytes and growth of the gut mucosa

(Pusztai et al., 1999) and hence they can induce precocious maturation of the neonatal
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GIT. Lectins from the red kidney bean (Phaseolus vulgaris), administered orally for 3
days, were shown to induce precocious structural and functional maturation of the GIT in
suckling rats (Linderoth et al., 2005). In the present study, the administration of F.
thonningii extracts for 7 days led to a significant increase in the stomach mass and mucosal
layer thicknesses of caeca of the suckling rat pups. The increase in stomach weights can be
an indication that F. thonningii extracts contain phytochemicals that mimic the action of
and/or increase the release of gastrin and other regulatory peptides which increase the
proliferation of parietal cells and hence exhibit trophic effects on the gut mucosa (Jain and
Samuelson 2006). Unfortunately, histology was not performed on the stomach to ascertain
whether the increase in mass was due to hypertrophy or hyperplasia or both. The higher
activity of the high methanolic dose when compared to the low methanolic dose suggests a
dose-related effect. Higher doses could have higher concentrations of phytochemicals

hence more profound physiological effects.

Although the increase in relative caecum weights of the pups was not statistically
significant (p=0.0817), histological analysis showed that F. thonningii extracts
significantly increased the thickness of the caecal mucosa and submucosal layers. This
could be the result of the presence of soluble, non-digestible, fermentable polysaccharides
in the extracts. Non-digestible polysaccharides (also known as prebiotics) increase
proliferation of the mucosal cells of the caecum and colon (Steed and Macfarlane, 2009).
They do so by stimulating the activity and growth of intestinal saccharolytic microbes
which ferment non-starch polysaccharides to short chain fatty acids (SCFAs) (Steed and
Macfarlane, 2009). SCFAs especially butyrate, have trophic effects on the caecal mucosa

and are likely to be responsible for the architectural changes observed in the caecal walls
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of rats in this study (Blottiere et al., 2003; Lobo et al., 2007). An increase in caecal weight
and the production of SCFAs could be useful in ruminants which depend on SCFAs for up
to 80 % of their metabolic energy requirements (Tagang et al., 2010). Previous studies
with neonatal rats fed African potato extracts (Hypoxis hemerocallidea) (Erlwanger and
Cooper, 2008) and Aloe vera extracts (Beya, 2008) showed an increase in caecal mucosal

layers and caecal weights.

If present, the prebiotic compounds in F. thonningii extracts may have also increased the
production of lactic acid by lactic acid-producing bacteria. Lactic acid is a known luminal
trophic factor which increases the mitotic index of caecal crypt cells (Ichikawa and Sakata,
1997). Future studies could look at the effects of F. thonningii on the SCFA concentrations

in colonic and caecal contents to evaluate the usefulness of F. thonningii as a prebiotic.

There was no significant difference in the relative masses of the small intestines from pups
on the different treatments. Though not statistically significant, the increase in villi height
and crypt depths of treated animals could be of biological significance as it shows the
potential trophic effects that F. thonningii extracts could exhibit if administered for a
longer duration or at higher doses. The phytochemicals in F. thonningii did not appear to
have any adverse effects on the integrity of the sensitive neonatal GIT. Histomorphological
analysis showed that there was no mucosal damage, villous atrophy or any apparent

pathology in the intestine of treated rats.
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4.6. Effects on the morphology and morphometry and markers of function of

other visceral organs

The liver is the major organ involved with the metabolism and biotransformation of
xenobiotics in the body (Rajesh et al., 2009). Contact with toxic principles may disrupt the
integrity of hepatic parenchymal cells. A rise in the serum levels of alkaline phosphatase
(ALP) is usually indicative of obstructive changes in the hepato-biliary system (Thapa and
Walia, 2009). Hepatic cell damage can also be detected by tracking circulating levels of the
cytosolic enzyme alanine transaminase (ALT) which is released into the blood following
changes in membrane permeability and necrosis. Unlike ALP, ALT is more specific to the
liver and hence is a more reliable index of liver damage (Rajesh et al., 2009). Circulating
levels of both enzymes; ALT and ALP, were used as markers of liver damage in this study.
The results obtained show that at the doses used, F. thonningii extracts did not seem cause
any parenchymal cell lesions, necrosis or drug induced-hepatitis. It was notable that ALP
levels were significantly elevated in all of the pups. ALP is also associated with
osteoblastic activity and hence its levels are elevated in rapidly growing animals (Alhassan
et al., 2009). Rats have been reported to have relatively higher circulating concentrations
of ALP compared to other mammals and neonatal rats have high concentrations due to
milk feeding which induces the production of the isozyme (Koyama et al., 1987). This
explains the elevated (>370 U/L) ALP concentrations observed in all rat pups including the
controls. An isoform of ALP is also found in the intestinal mucosa, predominantly in
duodenal epithelial cells where it regulates bicarbonate secretion, limits bacterial
transepithelial passage and detoxifies lipopolysaccharides (Dziedziejko et al., 2005; Lalles,

2010). However, this study did not measure the specific isoforms of ALP.
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Serum albumin, total bilirubin and total protein concentrations can be used as clinical tools
in assessing the hepato-synthetic function (Thapa and Walia, 2007). Albumin is the main
plasma protein produced in the liver and plasma concentrations of albumin reflect the
extent of the functioning liver cell mass (Alhassan et al., 2009). Decreased plasma albumin
concentrations are indicative of liver injury and a decreased rate of its synthesis (Olatunji
et al., 2005) or increased loss e.g. protein losing enteropathy and nephropathy (Umar and

Dibousse, 2010; Littman et al., 2000).

Raised concentrations of bilirubin in the blood are indicative of the failure of the liver to
excrete bilirubin and/or the blockage of bile ducts. The concentrations of these biochemical
markers of liver function in the blood were unaltered by administration of F. thonningii
extracts at the doses used, confirming that F. thonningii was not hepatotoxic in the short
term. Histopathological analysis of F. thonningii-treated rat livers showed no changes in
hepatic lobular architecture and no signs of inflammation. However, the veins and
sinusoids were slightly dilated in all treatment groups suggesting possible hepatic

congestion (Jones et al., 1997).

The exposure of the kidney to toxins, drugs and other xenobiotics leads to tubule damage
and necrosis consequently disrupting normal renal physiology (Bovee, 1986; Markowitz et
al., 2003). The glomerular filtration rate (GFR) is the gold standard for measuring kidney
function (Stevens and Levey, 2009). Due to limitations in the study design, timed
collections of urine for the determination of GFR were difficult to achieve. As a result,

serum concentrations of: creatinine and urea, inorganic phosphates, calcium and albumin
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were used as surrogate markers of kidney function. Serum creatinine concentrations
depend exclusively on the GFR therefore can be used as a more reliable clinical estimation
of GFR (Stevens and Levey, 2009). Increased levels of plasma creatinine and urea could
indicate compromised tubular function and/or impaired glomerular filtration (Car et al.,
2006). These markers have limitations and cannot be compared to the use of GFR and
fractional excretion of sodium (FENa) in assessing nephrotoxicity. Despite their
limitations, serum concentrations of creatinine and urea are still useful as first line markers
of kidney function (Bovee, 1986; Stevens and Levey, 2009). Based on the use of these
markers, the results obtained in this study showed that short term administration of crude
extracts of F. thonningii exhibited no nephrotoxic effects or alterations in renal physiology.
These findings are in line with the observations of other researchers. Musabayane et al,
(2007) observed no cytotoxic effects in bovine and porcine kidney cell lines after a 72-hr
exposure to ethanolic extracts of F. thonningii. There were no observed changes in renal
fluid flow and electrolytes excretion rates of adult Wistar rats following treatment with
stem bark ethanolic extracts of F. thonningii (Musabayane et al., 2007). Extrapolation of
these observations to humans is difficult as differences are likely to exist in the

physiological and metabolic responses to the doses given.

A delicate balance exists between the production and destruction of blood cells. Some
phytochemicals e.g. saponins have cytotoxic effects and disrupt this existing equilibrium
(Makkar et al., 2007). Coker et al, (2009) reported that F. thonningii extracts had no
deleterious effects on the haematinic value, whilst ethyl acetate leaf extracts of F.
thonningii were reported to improve red blood cell counts in acetaminophen-treated rats

(Ahur et al., 2010). Contrary to these reports, the results of this study showed a significant
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reduction in the packed cell volumes of rats treated with high aqueous doses of F.
thonningii. High levels of saponins were detected in the aqueous extracts. Saponins
haemolyse red blood cells by interacting with membrane components such as proteins,
phospholipids and cholesterol (Makkar et al., 2007). However, although the PCVs were
reduced in the high aqueous group, there was no significant rise in the circulating bilirubin
concentrations to confirm destruction of red blood cells. Reduced levels of haemoglobin
resulting from reduced bioavailability of iron can also lead to a reduction in the
haematocrit. F. thonningii has high levels of iron but the availability of iron can be reduced
by the presence of antinutritional factors such as tannins, phytate and other polyphenolic
phytochemicals (Sandberg, 2002). Salivary glands in rats secrete proline-rich proteins as
defense against tannins. The presence of tannins and phytate in the gut might have reduced
the bioavailability of iron. Hepatic iron stores in the neonate are depleted during the
suckling period (Smythe and Miller, 1928; Keen et al., 1981) and the neonate relies on
dietary supply. Reduction in the uptake and bioavailability of iron at this stage is likely to
lead to a reduction in erythropoiesis and consequently microcytic anaemia. A complete
haematological analysis including the determination of red blood cell counts, mean
corpuscular volumes and mean corpuscular haemoglobin could be carried out to determine
the effects of F. thonningii extracts on the haematopoietic system. However, these could
not be done due to the small volume of blood collected from the pups as a result of their

small blood volume.
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4.7. Effects of F. thonningii extracts on metabolism

Ficus thonningii has been shown to possess hypoglycemic effects (Bwititi and
Musabayane, 1997; Musabayane et al., 2007) and this supports its ethnomedicinal use in
the treatment and management of diabetes mellitus. In this study, the high methanolic dose
(500 mg/kg b.w) significantly reduced glucose concentrations in comparison with the
control. Although glucose concentrations were significantly lowered in this group, they
remained within the normal reference range (2.78-7.5 mmol/L) for young healthy rats. This

shows that the extracts did not elicit undesirable hypoglycemic effects.

There are a number of possible mechanisms underlying the glucose lowering effects of F.
thonningii extracts. At intestinal level, the polyphenolic compounds in Ficus thonningii
(e.g. flavonoids, tannins, proanthocynanins) could attenuate the uptake of glucose by
inhibiting the activity of glucose transport proteins (Kwon et al., 2007). Polyphenolic
compounds have been shown to inhibit glucose uptake through the Na*- dependent SGLT-
1 and GLUT 2, hence they reduce both the apical and basolateral transport of glucose in

the enterocytes (Kwon et al., 2007; Hanhineva et al., 2010).

The phytoestrogen resveratrol (trans-3, 5, 4'-trihydroxystilbene), previously shown to be
present in F. thonningii leaf extracts (Greenham et al., 2007), could have also contributed
to its glucose-regulating effects. Resveratrol exhibits hypoglycaemic effects by enhancing
glucose uptake by muscle cells and by activating hepatic AMPK (Shimizu et al., 2000;

Deng et al., 2008; Minikawa et al., 2011).
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The presence of phytol in F. thonningii could be another contributory factor to its glucose-
handling effects. Phytanic acid, a compound produced from the metabolism of phytol is
also reported to possess hypoglycaemic and hypolipidaemic effects as shown by Heim et
al, (2002). In rats, phytanic acid increases the expression of glucose transporters and

glucokinase and hence increases glucose uptake in the hepatocytes (Heim et al., 2002).

F. thonningii extracts may also contain other glucose-regulating phytochemicals which
either have a direct effect on insulin production/secretion, mimic insulin or could have an
effect on gene expression and signaling pathways in glucose metabolism. However, insulin

concentrations were not measured in this study.

The introduction of milk feeding at birth is usually associated with an increase in the
biosynthesis of triglycerides (TGs) in the neonatal rat liver (Jamdar et al., 1978). A
concomitant rise in serum TG levels occurs to a peak at day 9 after birth and TG levels
remain high until the day of weaning (Jamdar er al., 1978). This could be a plausible
explanation for the unusually high levels of lipids in both the treatment groups and the

controls.

Most triglyceride values fell above 6.8 mmol/L (the upper limit of the TG meter used)
(Accutrend, Roche Diagnostics). Instruments with a higher detection limit should be
employed for measuring circulating TGs when using rat neonatal models. Regardless of

this fact, F. thonningii seems to decrease blood glucose levels without promoting the
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biosynthesis of triglycerides and cholesterol and this is beneficial in the prevention of

cardiovascular diseases.
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CHAPTER 5-CONCLUSIONS AND

RECOMMENDATIONS
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5.0. Conclusions

The results obtained in this study are of considerable importance as they introduce the first
in vivo evidence that F. thonningii might exhibit trophic, maturational and developmental
changes on the neonatal GIT. The antinutritional factors present in F. thonningii extracts
did not exhibit any adverse effects on the GIT and visceral organ morphometry and
function. Results also showed that methanolic extracts of F. thonningii possess glucose-
lowering effects. However, the mechanisms underlying these effects should be further

explored.

5.1. Limitations of the study

The study’s main focus was on morphometric changes and structural changes of the
neonatal rat GIT and so the study did not investigate effects of F. thonningii extracts on
GIT function. Perfused gut loops, immunohistochemistry and cell cultures should be used
in future studies to shed more light on the absorptive, transport, immune defense and
metabolic function of the intestinal tissue. The study design could also be modified to
facilitate timed-collection of urine samples for a more accurate determination of GFR and

fractional excretion indices.

5.2. Perspectives and recommendations for future studies

Increasing the duration of exposure of the neonates to the plant extracts would be

advantageous in order to evaluate the functional significance of any observed changes.
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However, the effects of dietary manipulations in neonatal rats are more accurately
determined before the pups open their eyes. After eye opening (day 14 or 15), changes in
the GIT structure cannot be exclusively attributed to the experimental intervention as the

rats start to forage on the other particulate material in their cages.

The reduction of PCVs observed at high doses of aqueous extracts should be
complemented with a complete haematological analysis before conclusions can be drawn.
Erythrocyte counts, haemoglobin levels, mean corpuscular volumes and leukocyte counts
could be useful in determining the effects of the plant’s extracts on haematological

parameters.
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