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ABSTRACT

Plant-based medicaments are important therape@apens in the fight against various human
and animal diseases. The current study is basetivenplants namelyTeclea trichocarpa,
Albizia gummifera, Crotalaria axillaris, Manilkara discolour, and Zanthoxylum usambarense
with more focus onTeclea trichocarpa. Preliminary work has confirmed that these plants
possess anthelmintic activityleclea trichocarpa is used as a herbal remedy for malaria
treatment, as an anthelmintic and a vapour inhd@antreatment of fever. Despite the wide
traditional uses ofeclea trichocarpa, its adverse effects or toxicity to human and animaiseha

not been reported.

The general purpose of the present study was tallyapvaluate and compare brine shrimp
lethality test of dichloromethane-methanol extraftsm different plant parts ofTeclea
trichocarpa, Albizia gummifera, Crotalaria axillaris, Manilkara discolour, and Zanthoxylum
usambarense. The results of the brine shrimp lethality test véo be used as the base of
selecting the most active and least investigatéideixin terms of toxicity. The specific objective
was to investigate the acute and sub-acute toxdditthe dichloromethane-methanol extract of

the selected extract on Wister ra®aitfus norvegicus).

Plant materials were extracted with dichloromethar®hanol (1:1 v/v) to obtain the 14 plants
extracts. Viability of brine shrimps eggs was tdséad each extracts was evaluated for brine
shrimp lethality test at three concentrations (10D and 10 mcg/ml) against 10 shrimps. The

mixtures were maintained at room temperature foh@dr under the light and surviving larvae

Xiv



were counted. Brine water was used as negativaaofor each concentration the test was

carried out in triplicate.

Acute, intraperitoneal and sub-acute toxicity testse carried out according to the Organization
for Economic Co-operation and Development (OECDidgjines, starting with the limit test
concentration of 2000 mg/kg body weight progredgiveoving to lower doses. In oral acute
toxicity, Wister rats were fed with the extractz&t00 mg/kg by gavage. During intraperitoneal
acute tests, three sets of rats were each injedtbdextract at 2000, 300 and 50 mg/kg body
weight and for sub-acute, 3 groups of rats wereimaidtered with 1000, 300 and 100 mg/kg
body weight for 28 days. The parameters investijate the laboratory animals included;
clinical parameters that comprised of skin and &yes, mucous membranes, respiration, the
circulation, autonomic and central nervous systelreematological tests including haemoglobin
concentration, mean corpuscular haemoglobin, meapuscular volume, total erythrocyte
count, haematocrit, and total and differential myte count as well as clinical chemistry
parameters such as total protein, albumin, crestirand the activities of serum alanine
aminotranferase (ALT) and creatine kinase. Organshfdead or sacrificed rats were first
weighed to determine the OWI and then processedhistopathology as per the standard

protocols.

Out of the 14 extracts, three frofbizia gummifera pods,Crotalaria axillaris twigs andTeclea
trichocarpa root wood tested using brine shrimps, had®600 and six comprising &flbizia
gummifera root bark,Manilkara discolor root bark and stem barKeclea trichocarpa twigs,
stem bark and root had (LC50>100 < 5(§ /ml). Teclea trichocarpa root bark and

Zanthoxylum usambarense stem bark had LC50 between 30 and 1@@dml. The most active
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extracts with LC50 < 3Qg /ml wereAlbizia gummifera root andZanthoxylum usambarense root
bark. Teclea trichocarpa root bark extract was selected for the toxicitst teince it was among
the most active. Furthermore, no work in termstsftoxicity potential has been found during
literature such as comparédbizia gummifera root andZanthoxylum usambarense root bark.
During the three days acute oral toxicity testiiglichloromethane-methanol extract Téclea
trichocarpa root bark, no death occurred at limit dose level2600 mg/kg body weight.
Similarly, no death occurred during 28 days sult@cowal toxicity. During acute intraperitoneal
acute administration ofeclea trichocarpa root bark extract at 2000 mg/kg, all the animals
developed un-coordinated, jerky movement and cams followed by death within 3 minutes.
At 300 mg/kg, convulsions were followed by deattihm 4 to 48 hours but no death occurred at
50 mg/kg. During oral acute, oral sub-acute anang@kg intraperitoneal tests, notable clinical
signs included transient raised fur and wet featappings. All haematological and clinical
biochemistry parameters fluctuated but remainetliwibormal limits corroborating the absence

of pathological lesions observed grossly and mmopially.

In oral acute and sub-acute study, there was mieage of extract-induced signs or death at all
the doses of th&eclea trichocarpa root bark extract administered. Lack of death &l o
treatment of 2000 mg/kg body weight andskBbove 2000 mg/kg body weight but below 5000
mg/kg body weight suggests that theclea trichocarpa root bark extract is practically non-
toxic. The absence of toxic effects during acutd aub-acute studies support the use of this
plant as a traditional herbal remedy for the trestimof helminthiasis but intraperitoneal

administration of the extract requires further gtud
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CHAPTER ONE : INTRODUCTION AND LITERATURE REVIEW
1.1 Introduction

1.2 Herbal remedies

Medicinal plants are an integral component of ethedicine for both human and animal uses all
over the world. They have been in use for centundseat illness and improve health, and still
account for approximately 80 % of medical treatraentthe developing world (Glesler, 1992;
WHO, 2008). By use of a few cases, one can eapjpyeciate the long history of ethnomedicine
which has continued to have an impact on todagkl fof medicine. For example, the Chinese
Angelica or Dang Gui (Apiaceae) is currently usecdlood tonic to improve blood circulation.
Visnasa or Khella (Apiaceae) is mentioned in thgdEgn ‘Ebers Papyrus’ in about 1500 B.C.
as a traditional treatment for kidney stones. Toddyg also employed to treat kidney stones. The
Milk Thistle (Slybum marianum, Asteraceae) was consumed in Europe to increassthre&

production in human.

The Cinchona barkQjnchona officinalis, Rubiaceae) was used as far back as 1633 to cure all
kinds of fever. It is presently a well known antalarial drug. GinsengPanax ginseng,
Araliaceae) is the most popular herb known for o¥@00 years and in written records, it is
mentioned in Chinese Herbal ‘Shen Nung Pen TsaadZkl* Century B.C.). It was known for
improving stamina and resistance to stress andregste for old age. In present times, it is
administered as a tonic. In China, it is used asctberb for athletes and sufferers of physical
stress(Patil et al., 2011).The use of herbal remedies has gained aflattention due to its
perceived benefits such as safety, affordabilitg ahent satisfaction which can generally be
classified as therapeutic and economic benefita @val., 1999). Herbs are generally defined as
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any form of plant or plant product, including leaystems, flowers, roots and seeds (Stephen,
2008). Herbal products may contain a single herla aombination of several different herbs

believed to have complementary effects.

According to WHO definition, there are three formk herbal medicines namely; raw plant
materials, processed plant materials and medigraducts that contain active ingredients such
as aerial or underground plants material or a coatluin thereof, whether in crude state or as
plant preparations (WHO, 2013). Some formulationshsas Chinese medicinal formulations
may also contain animal products and minerals (Raraed Paul, 2001). The reliance on
medicinal plant products is not confined to Afrimathe developing world, but it also exists in
the developed nations (Smith-Hatlal. 2012). However their widespread use in the deietp

world may be attributed to financial constraintsiestthmake the modern life-saving drugs
unaffordable and inaccessible to the poor (Nyanzelfi86). The use of herbal medicine has
thus gained popularity in primary health care @& goor in developing countries and even in
countries where conventional medicine is predontinamational health care system (WHO,
1997). Majority of the population in developing ctues therefore rely on medicinal plants to
meet health care needs, and this has been goingvem in situations where conventional

medicine is available due to historical and cultbeasons (WHO, 1999).

In Kenya, nearly 80 % of people live within 5 kiletres of a health facility but medical services
are not always available as health facilities otk basic drugs, basic services and amenities
and the cost of modern medicine is high (NCAPD,80Curther, there is shortage of health
professionals and the ratio of doctors to the patprt remains low at 15 per 100,000 (NCAPD,

2005). These factors result in promoting the usddesrbal remedies in Kenya.



Some pharmaceutical companies are investing inarelseon how to use these traditional
remedies as ‘lead’ compounds for new drugs. Fomgka, it has been noted that of newly
approved drugs reported between 1983 and 1994s druigerbal origin predominated (78 %) in
the antibacterial area, while 61 % of the 31 ante&t drugs approved in the same period were
either natural products, nature-derived productscampounds modeled on natural product
parents or "leads". Further, 50 % of the besttsglpharmaceuticals in 1991 were either natural
products or their derivatives (Gupta and Amarty®12). Advances in pharmaceutical
technology have led to investigation and ultimatdation of pure active compounds from crude
drugs which are now produced at commercial levEit® most common examples of modern
medicines derived from natural lead compounds gelanticancer agents like vincristine and
vinblastine from Catharanthus roseus, antimalarial quinine fromCinchona spp and the
anticholinergic agent atropine froAtropa belladona and Atropa acuminata as well as opioid
analgesic morphine (Gupta and Amartya, 2012). Hegmedies reputed to possess anthelmintic
activity may also be investigated with a view toreleping potent and efficacious anthelmintic

agents.

1.3 Helminthiasis

1.3.1 Classification of helminths

Helminths are found in two phyla of the subkingddmetazoa (multicellular animals)The
metazoa are classified into two phyla: Platyheltm@stand Nemathelminthes. Platyhelminthesis
divided into two classes: Cestodea (tapeworms)Taathatodea (flukes) while Nemathelminthes
has only one class Nematodea (roundworms). Helmasithis the infestation with one or more

intestinal worms which include roundwormésgaris lumbricoides), whipworms Trichuris



trichura) hookworms Kecator americanus or Acylostoma duodenale). The worms reside in the
gastrointestinal tract but may also burrow intoeotbrgans like liver as ifrasciola hepatica,
lung by Paragonimus westerman, and muscle in case of cysticercosisTiagnia solium, skin in
case of strongyloidiasis b$trongyloides stercoralis, lymph byWuchereria bancrofti, eye by

Oncercus volvulus, brain byParagonimus spp and other tissues.

1.3.2 Aetiology and prevalence of helmithiasis

The majority of infection may be due to inadequsdaitation, ingestion of eggs or larvae from
contaminated food or through penetration of lartr@eugh the skin (WHO, 2013). Therefore,

the most commonly occurring helminthes in man a@eenic with high prevalence in much of

the tropical and sub-tropical world. These arertfggons where conditions of poor hygiene and
sanitation co-exist with the environmental factémsoring survival of extra-human parasitic

stage. It therefore means that improvement of secamomic conditions such as sanitation,

personal hygiene and health education are impairtdrlminth control.

The three major soil-transmitted helminths (STeyndworms, hookworms and whipworms are
amongst the most widespread parasites worldwideegtmated 4.5 billion individuals are at
risk of STH infection and more than one billion ividuals are thought to be infected, of whom
450 million people suffer morbidity from helminth#ection, with the majority being children.
An additional 44 million infected pregnant womerfsusignificant morbidity and mortality due
to hookworm-associated anemia. Approximately 13%,80aths occur per year, mainly due to
infections with hookworms and/a@. lumbricoides (WHO, 2013). Studies have also suggested

that the morbidity in children has been underegahand that moderate intensities of infection



may have important developmental consequencesicydarty for children of school age

(Bundy, 1994).

A study carried amongst school going children igéYia showed that 54.7 % of the stool
samples examined were infected by soil transmhtdchinthes (STH) (Egunyenga and Ataikiru,
2005). In western Kenya, it was realized that theam school prevalence @&chistosoma

mansoni infection was 16.3 % with study further revealirit the separate distributions of
schistosome and geohelminth infections have imporimplications for combined mass-

treatment programs (Handztlal., 2003).

The effects of helminth infections depend on tHedtive load and the virulence of the parasite
as well as the host immunological status. Loca¢aff include mechanical tissue damage by
hookworms, inflammatory response by whipworms amahihal obstruction by roundworms
especially in children. Others include malabsorptistimulation of reflex peristalsis, space
occupying lesions and malignancy. In paediatricendworms have been proved to be the major
causes of intestinal colic and roundworm bolusesthe most common cause of small bowel
obstruction (Walkeret al., 2000). Systemic effects include iron deficienagaemia by
hookworks; eosinophilia and malnutrition by hookwst roundworms and tapeworms, which
lead to mental and physical growth impairment. tldiaon to physical manifestations, host
response may lead to immunopathologic lesions ascchistosome eggs granulomas (Mandell
et al.,, 1995; WHO, 2013). Malnutrition may also compreeniimmunity and facilitate
HIV/AIDS and other infections. In HIV/AIDS patientshyperinfection by parasites like
strongyloides andoxocara spp is frequently fatal as compared to immunocompepaients

(Miller, 1970; Ajao and Ajao, 1979; Kinoti, 1982;hGngeet al., 1985; Bukenyal987 and



Morroneet al., 2004). Of concern is that helminthiasis in cteldhas been proved to cause poor
growth, reduced physical activity, impaired cogratfunction and learning ability (Nokesal.,

1992, Egwunyenga and Ataikiru, 2005). Proper mamege of helmintiasis is therefore crucial.

1.3.3 Anthelmintics

Treatment remains the main option in reduction eirbidity and mortality caused by worms
(Pamba, 1980). Drugs for treatment of intestinatms are few as compared to other human
ailments. The major classes of these drugs avail@mbKenyan market include benzimidazoles
such as mebendazole, albendazole and thiabendanaazothiazoles which are represented by
levamisole hydrochloride and heterocyclics like gpgzines. Other classes available locally
include prazinoisoquinolin like praziquantel andicsdanilides like niclosamide (Figure 1.1).
Each class of helminths is sensitive to a particalass of anthelmintic. Nematodes are more
sensitive to benzimidazoles and imidazothiazolesematodes and cestodes to
prazinoisoquinolins. Salicylanilides are generdtiyoad-spectrum anthelmintics (Martindale,
2000). These anthelmintic agents destroy or expesitic intestinal worms from the body, by
either stunning or by killing by vermicides. Howeymost of these drugs are expensive and the
emergences of drug resistant and extra-drug resistaains of parasites now pose a major

challenge in their anthelmintic effectiveness.
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A World Health Organization-World Bank meeting dmonitoring of drug efficacy in large

scale treatment programs for human helminthiadi€ld in Washington DC at the end of 2007,
highlighted the need to closely monitor anthelntintirug efficacy and to develop standard
operating procedures for this purpose. It is tleeefimportant to seek alternative remedies

through exploration.

1.3.4 Anthelmintic drugs of herbal origin

A number of anthelmintic drugs of herbal origin Bdeen used for centuries and are recognized
in various pharmacopoeias. These include alantmactareca, chenopodium oil, cucurbita and
desaspidin (Martindale, 2000). The pumpk@ycurbita maxima (Cucurbitaceae), a common
vegetable in Kenya is reported to possess anthetmactivity. Its seeds are reputed in
Ayurvedic medicine as anthelmintic especially agaitapeworms. They act by reducing the

motility of the helminthes leading to temporaryadgsis (Anita and Ravindra, 2007).

In Kenya, some more plants have been reportecate been used for treatment of intestinal
worms in man and domestic animals with some of thewestigated for phytochemical and
biological activity. Steroids, triterpenoids, arguinones, such as emodin, 2-
hydroxychrysophanol, nepodine and 5-methoxy-7-hygthalide are some of secondary
metabolites isolated from one of the most freqyeansed plantMyrsine africana (Manguroet

al., 1997). The phytochemical essential oil constitteigenol has been found in plants such as
Ocimum sanctum (Laminaceae), also known as Sacred Basil. Thientisé oil has been
suggested as the anthelmintic principle (Bundy,419%he anthelmintic potential of aqueous
extract of Carica papaya (Caricaceae) has also been evaluated ussogris lumbricoides

(Nematode). The phyto-principle benzyl isothiocyienaas isolated from the extract and is said



to be responsible for the anthelmintic activity (tdnand Ravindra, 2007). The essensial oils
from Piper longum (Piperaceae) was found to cause paralytic actiorthe nerve mascular
preparation ofAscaris lumbricoides and that its activity was greater than the pipemaitrate

used as a standard in the study (Anita and Ravi29a@y).

1.4 Toxicity studies

Toxicity is the degree to which a substance camharmans or animal$. can be measured by
its effects on the target organism, organ, tissueetls. The toxic effects of a substance on
animal physiology can range from minor changes sashreduced weight gain, small
physiological alteration or change in the levelscotulating hormones, to severe effects in
organ functional loss leading to death. Intermedikvels of toxicity may cause pain and
suffering (Home office, 2004). During toxicity sied, five major aspects are put into
consideration. These include organs affected bycligeical, relevance of quantification effect,
concentration of chemical to be testeéd,vitro markers of toxicity that are relevant to the
chemical and how to use the data fromvitro test for risk assessment. Toxicological studies in
the pharmaceutical field have been growing expoaknt These developments have been
prompted by discovery of teratogenic effects of gdruisuch as thalidomide, exposure of
chemicals to the environment and employees andbgurt and assessment of toxicity studies

as part of good manufacturing practice (Traina,6300

In the study of herbal remedies, it has been fotnad toxicity may result from inadvertent
substitution of one plant species another. For gk@mmapidly progressive renal failure resulting
in end-stage renal disease has been reported irewavho have taken weight-reducing pills

containing the Chinese herl&ephania tetrandra and Magnolia officinalis. This so called



Chinese—herb nephropathy is characterized by arpadf interstitial fibrosis. The cause of the
disease was later noted to be due to inadvertehision of Sephania fangchi containing the
nephrotoxic and carcinogenic aristolochic aciddead ofS tetrandra that contains weight

reducing tetrandrine (Nortier, 2000; Rotblatt anch&t, 2002).

Another reported case on herbal toxicity involvedignts using a dietary supplement containing
herbal constituents yohimbine in addition to noepirine, sodium usiniate and 3,5-
diiodothyronine. All patients developed hepatotdyic within 3 months, recovering
spontaneously on withdrawal of the supplement (elawet al., 2002). Another study carried
out in Zimbabwe confirmed an increase in incidermggoisoning by herbal remedy since 1971

(Nyanzema, 1986). These facts support the nebdue toxicity profiling of all herbal remedies.

Qualitative toxicity assessment of a chemical sartxst in laboratory animals or vitro toxicity
testing gives information on its potential to catsec effects in humans or animals (Descote,
1996). To succeed in this exercise, an appropdhtéce of control group must be selected,
sufficient number of laboratory animals used anadyselection of rigorous experimental
protocols. Furthermore, the severity of the efféescribed on major organs and the relevance of
the mechanisms involved including the variationgliffierent species assist in extrapolation of
toxicological findings from laboratory animals toam (Descote, 1996). During the study, the
target organ of toxicity in laboratory animals &lentified, the mechanism of induced changes

are noted and compared to the properties of tigettaite in man.

Determination of the toxic potential of new compdsinconstitutes a major part in drug
development and it involves both vivo andin vitro toxicological tests. These tests are very

critical in the assessment of the safety of allrpteceutical products before they are released for
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general use. Animal models are usednwivo studies asndicators of human toxicity (Magna

and Alan, 2007).

Toxicity testing on herbal extracts is carried aut the same principles as the conventional
medicine.ln vitro toxicity testing employs the use of models suchhasbrine shrimp lethality
test (BST) whereas im vivo methods, animals such as mice or rats are usedadVantage of
the brine shrimp in toxicity testing is that therisfp has a lot of homogeneity in eggs and in
newly born nauplii which are highly sensitive toeaficals. The eggs are easily available and
hatch with ease within 16-24 hours to the naupliie nauplii are utilized within 24-48 hours
post hatching. At the $4hours post exposure of nauplii to the test cheiniha concentration

causing 50 % lethality (L&g) is determined.

The BST method is used to screen for bioacthatyticancer, cytotoxicity, toxicity, pesticidal
activity or gastroprotective action among otherrptecological effects of plant extracts. Brine
shrimp lethality is a rapid method that is reliahleexpensive and convenient as an in-house
general bio-assay tool (Meyetral., 1982). This method is basically used to predictdibxand

the results obtained are compared with oral aceity in rodents (Amenya, 2011)n vivo
toxicity testing mainly employs the use of rathailigh other rodents may be used. Dogs and

monkeys are restricted to advanced stages of ge@timenya, 2011).

Organization for Economic Cooperation and Developm{®ECD) guidelines are used during
acute and sub-acute oral toxicity testing (Dieeteal., 1995). It is important to optimize the
information obtained by using the smallest numlfearomals to comply with animal welfare
regulations. Further, it is important to avoid essige pain or tissue damage in the animals,

pharmaceuticals with irritant or corrosive chardstees should not be administered in
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concentrations that produce severe toxicity afthmiaistration. During toxicity studies, all the
animals must be checked for morbidity, mortalityl apecific signs of toxicological relevance.
For example, neurofunctional and neurobehavionathamological observation, body-weight
and food/water intake. The key haematological patars investigated are mean corpuscular
volume (MCV), mean corpuscular haemoglobin conegimin (MCHC), haemoglobin levels,
haematocrit levels, packed cell volume (PCV) tatad differential leukocytes, erythrocytes and

platelet counts.

Clinical biochemistry is crucial to investigate miajoxic effects on organs especially the kidney
and the liver. Some of the parameters include totatein, albumin, major electrolytes, total
cholesterol, alanine aminotransferase, arspatateo#&mansferase, creatinine and alkaline
phosphatase that aid in hepatocellular evaluatMinong term studies such as chronic toxicity
must include urinalysis (urine output, color, pmtand osmalarity). Pathological studies and
gross necropsy are done by examining the bodyicesif abdominal cavity, body weight and
organ weight changes among others. In additionpp@ghological studies are done on adrenals,
lung, liver, kidney, testis, ovaries among oth@&CD 407, 2008). These organs are considered
to be the most important during toxicity studiesodents and non-rodents (Michaehl. 2007).
Taking the weights of organs is necessary becatgsndo body weight ratios or organ weight
index (OWI) are commonly calculated and are considlenore useful when body weights are
affected ( Michaekt al. 2007). By carrying out toxicity tests, the effectf increase in dose on
the mortality and other effects of the lethal ddsat kills are determined. Estimating different
levels of toxicity by use of LE) for instance can help in estimating the probabditof an
outcome for a given individual in a population. THetermination of acute, sub-acute, sub-

chronic and chronic toxic effects of the test coomnuts is therefore crucial (Traina, 2006).
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1.4.1. Acute toxicity

Acute toxicity is caused by an agent when it is edstered in one or more doses over a period
not exceeding 24 hour and involves harmful efféotshe organism through a single or short-
term exposureAcute toxicity studies have also been used dutliegselection of starting doses
for phase-I human and animal studies, and proviftamation relevant to acute overdosing in
humans and animals. The testing is based on the ofisubstance administration to the animal
and therefore it is classified from Class-1 to €l&sfor oral, dermal, gas inhalation,
vapor/dust/mist inhalation and injection. Dosing te& repeated during the administration of test
material by a variety of routes of exposure, ingclgdgavaging which involves stomach
intubation or forced feeding, injection, skin, gaig and inhalation. The acute toxic class
method, a step-wise procedure, involves the uséhrgfe animals of a single sex per step.
Depending on the mortality and/or moribund statuge animals, on average 2 to 4 steps may
be necessary to allow judgment on the acute tgxadithe substance. The OECD Guideline 423

(2001) provides a reproducible method that usesaf@wals as per appendices 2, 3 and 4.

1.4.2. Sub-acute toxicity

The sub-acute toxicity test in the study was base®ECD guideline 407 (2008), repeated dose
28-day oral toxicity study in rodents. In this foohtoxicity, adverse effects occur as a result of
repeated daily dosing of a chemical or exposurénéochemical, for part of an organism's life-

span usually not exceeding 10 % of the animalespan. With experimental animals, the period
of exposure may range from a few days to 6 moriEkposure for 28 days provides a first-hand

indicator of potential sub acute toxicity. The téstintended to investigate effects on a very
broad variety of potential targets of toxicity. ptovides information on the possible health

hazards likely to arise from repeated exposure awetdatively limited period of time, including
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effects on nervous, immune and endocrine systeins.dlration of exposure is normally 28

days in rodents where results are used for hazhedtification and risk assessment (OECD,
2008). All the knowledge gathered from the studsessed in selecting doses for repeat-dose
studies as a source of preliminary identificatidrianget organs of toxicity, and may also reveal
delayed toxicity. Sub-acute toxicity studies inmaals are essential for any pharmaceutical

products especially those intended for human use.

1.4.3. Sub-chronic toxicity

This is the ability of a toxic substance to caueces for more than one year but less than the
lifetime of the exposed organism. This form of toi is studied for at least 90 days in animal
models notably rodents. The test is carried owdrajetting initial information on toxicity from
acute or 28 day sub-acute toxicity studies. It mles information on possible hazards likely to
arise from repeated exposures over a prolongedgefitime covering post-weaning maturation
and growth well into adulthood. The study providefrmation on the major toxic effects,
indicates target organs and the possibility of aadation. It can also provide an estimate of a
non-observed-adverse effects level (NOAEL) of expesvhich can be used in selecting dose

levels for chronic studies and to establish satetgria for human studies (OECD 408, 1998).

1.4.4. Chronic Toxicity

This is the ability of a substance or mixture obstances to cause harmful effects over an
extended period, usually upon repeated or contisgyposure, sometimes lasting for the entire
life of the exposed organism. The three main rot@eshronic study include oral, dermal and
inhalation depending on the characteristic of #& substance and the predominant route of

exposure in human. The objectives of chronic téxigtudies include; identification of the
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hazard properties of a chemical, identificationtarjet organs, characteristic of dose-response
relationship and identification of NOAEL or point departure of Benchmark Dose (BMD). It
also helps in identification of chronic toxic effedn human exposure levels and provision of

data to test hypotheses regarding mode of acti®&C{@®452, 2008).

1.5. Literature review

1.5.1. Plants under study

1.5.1.1. Albizia gummifera

Albizia gummifera (Fabaceae), (locally known as Mukurue amongst thi&kuyu, ‘Seyet’ by
Nandi, ‘Omgonjoro by Kisii and ‘Mukhonzuli’ in Kakaega among others), is a large
deciduous plant that grows up to about 30 metewitli large-spreading flat topped crown and a
smooth grey bole that grows wildly in most Africaauntries including Kenya. Its leaves are
bipinnate with leaflets with a diagonal midrib. Th&wers are white and at the head. Their pods
are flat in shape. The species is widely distridwaed its inner bark produces lather like soap.
Leaves are used for covering mature banana to rhagiening (Gachathi, 1989). A bark
decoction is used for malarial properties whichehbeen validated im-vitro tests (Kokwaro,
1976). The Embu and the Mbeere communities of Bagtevince in Kenya have traditionally
been usingA. gummifera barks in treatment of malaria (Kareetial, 2007). An extract of
crushed up pods is taken for stomach pain anddhel@red roots extract put in water bath used
to cure skin diseases (Kokwaro, 1976). Other sgeni¢his genus with medicinal values include
Albizia anthelmintica which is used as anthelmintidlbizia petersiana bark for treating

rheumatic pain andlbizia zimmermannii roots boiled to treat sore eyes (Kokwaro, 1976).
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Lipophilic extracts ofA. gummifera have revealed very promising antitrypanosomalveagti
Four new macrocyclic spermine alkaloids have bselated and were active against two Gram-
positive bacteriaRacillus subtilis and Saphylococcus aureus) and two Gram-negative bacteria

Escherichia coli andPseudomonas aeruginosa (Rukungeet al. 2000).

In East Africa, extracts from the crushed podstaken for stomach pains and the bark decoction
for malaria. A study carried out in Kenya concludkdt the aqueous and chloroformic extracts
of A. gummifera are slightly and moderately toxic, respectively #mat the target organs for the
chloroformic extract were mainly the lungs, braimdaliver (Mwihia, 2013). This could be
related to a study carried out earlier that foumel presence of cytotoxic triterpenoid saponins
called gummiferaosides A, B and C (Shugehgl, 2007). Earlier recorded phytochemical study
(Asfaw et al. 1999) confirmed tha#. gummifera contains triterpenoid saponins, saponin,
lactones and triterponin sapogenin in their stearkbThese chemicals are believed to be the
ones associated with antitrypanosomal activity iffergaus et al. 1996). The triterpenoid
saponins and macrocyclic alkaloids have also bealated from other species Albizia such as

A. amara (Mar et al. 1991).

1.5.1.2. Crotalaria axillaris

Crotalaria axillaris (Engl.) Aiton, is a shrub that grows to a height rangirggrfrl to 4 m high. It

is widely distributed in Kenya and Ethiopia espbgie farmlands and grazing field€lotalaria
species are widely found in the tropical countmesuding Africa.Crotalaria axillarisis known

as ‘Muchingiri’ amongst the Agikuyu of KenyaCrotalaria axillaris leaf infusion is applied to
the eyes to treat opthalmia while a poultice madmfcrushed up seeds is applied to the back for

kidney troubles (Kokwaro, 1976)A different species of this genuSrtotalaria juncea which is
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mostly found in Asian countries has been founddghbarmacologically active in treatment of
ulcers and inflammation. The anti-inflammatory etée compares to that of indomethacin
(Ashok et al., 2006). Phytochemical toxicity studies on the plarg of importance. First, in
Ethiopia someCrotalaria species are used either alone or in combinatioim @her plants in the
traditional medical practices, and due to recurgnoiught, grazing animals are often tend to
consume these plants which are known to thriverynadd arid climates leading to ailments and

even death.

Clotalaria species have been found to confaynrolizidine alkaloids which are considered to be
important secondary metabolites largely on accaditheir biological activities, which include
acute-hepatotoxic, carcinogenic, teratogenic, anter and neuroactive properties. The
cytotoxicity of the pyrrolizidine alkaloids is dut their pyrrolic metabolites formed by
microsomal bioactivation. Herbal preparations fronese species may thus cause acute or
chronic toxicity although the extent of damage eaiuly consuming such preparations has not
been assessed. It has been reported that a spigtale of pyrrolizidine alkaloids toxicity and

possibly a long term low level exposure may leaditdosis of the liver (Kalea&t al., 2004).

1.5.1.3. Manilkara discolor

Manilkara discolor belongs to the genus of trees in the family Sapatadhat are collectively
known as Manilkara trees and occurs throughoutrth@cs. Manilkara discolor is also known
asForest Milkberry and ‘Nchogis’ among the Dorobdglgama’ by the Shambaa of Tanzania
whereas the the Agikuyu call the tree ‘MugambwH’is a big tree measuring up to 28 metres
tall with rough dark grey bark and milky latex. Tleaves are dark-green on top and silvery grey

on bottom and are crowded at the end of a bradolndfs are yellow, appearing as clusters of 4
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to 6 (Gachathi, 1989). In other parts of Africasitmainly distributed in Natal in South Africa, in
Malawi, Zimbabwe and Tanzania. It grows well in land mixed evergreen forest and mountain
rainforest usually with good drainage. In Tangaayikis found in areas such as West Usambara
mountains, Kwai, Iringa and Sao Hills. In Kenyag tplant is mainly found in Nairobi
Arboretum, Machakos, Kiambu and Ngong For&#nilkara discolor’'s medicinal uses include
bark infusion which is drunk for stomachache andaafingent. The roots are also used
medicinally for backache. The plant has been studoe its antiplasmodial activity against
Plasmodium falciparum (Kigondu, 2011). From literature searches, anofipeciesManilkara
zapota, was found to have antioxidant activity due tohtgh content of phenolic compounds

(Shanmugapriyat al., 2011).

1.5.1.4 Zanthoxylum usambarense

Zanthoxylum usambarense (Engl.) is a short tree with scattered prickles amgbaripinnate
aromatic leaves with transluscent gland dots. Téeug Zanthoxylum belongs to the family
Rutaceae, which is represented by 28 species getéra in Kenya. They are common trees of
the dry lands with this Zanthoxylum genus refert@as ‘prickly ashes’ because of the shape of
the leaves. Their flowers are small and white segmall clusters.Zanthoxylum usambarense
(also known ag$agara usambarensis) have world-wide importance as natural medicirzes] a
few of these are used in Kenya. This particularcig®eis known as ‘Mugucua’ among the
Agikuyu tribe of Kenya (Gachathi, 1989) ‘Loisukiyldhe Dorobo and ‘Mhamba-muungu’ by
the Shambaa of Tanzania. The bark and leav&s ugambarense and Z. chalybeum have been
used in the treatment of malaria, fever, severdscahd to alleviate stomachache and toothache.
A decoction made from its bark is drunk for reliedm rheumatism (Gachathi, 1989) while an
infusion made from its fruits is mixed together wihilk and the mixture drunk for relief from
fevers, sore throats, tonsillitis and chest paiothBits bark and root extracts exhibit fungicidal
and insecticidal properties. Thganthoxylum usambarense species also been used in the
highlands of central Kenya as a folk remedy by khilkeuyu and Kamba tribes.as well as the

Maasai, Digo, and Shimbaa tribes in the hills &f Bast Coast District of Kenya. Studies carried
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out in the University of Nairobi ( Hest al. 2002) confirmed that the crude extract of
Zanthoxylum usambarense have larvicidal activity against the second andhfanstar larvae of
Aedes aegypti, the vector for malaria, with Epvalues of 1.27 and 7.17 pg/ml, respectively.
Another study that was conducted Warburgia ugandensis and Zanthoxylum usambarense
confirmed that the two plants possess bioactivepmmds against malaria parasites and could
be exploited for further development into malafeerapy (Wereet al. 2010). Much of the
pharmacological activity of these species may Ilebated to their alkaloidal constituents as
many pharmacologically active quaternary alkaldidse previously been isolated from various
Zanthoxylum species (Atsushet al. 1996). Phytochemical studies carried out in Kenya led t
isolation of eleven compounds. The isolated purapmunds as elucidated using NMR, EIMS,
and UV spectroscopy included benzophenanthridindal@bs; dihydrochelerythrine,
chelerythrine, angoline and 6-oxynitidine; anthlianacid derived alkaloid (canthin-6-one)
triterpine stigmasterol, bis-epoxy lignan®;prenylpruviatilol and yangamin (Ayoo, 2001).
Another earlier study had isolated usambanolinalai# (Atsushiet al. 1996). Studies carried
out on the essential oils danthoxylum alatum and Zanthoxylum limonella found better
antihelmitic activity than piperazine phosphateiagfaroundworms, tapeworms and hookworms

(Akhtaret al. 2000).

1.5.1.5Teclea trichocarpa

Teclea trichocarpaVepris trichocarpa (Engl.) Mziray] common name is the furry-fruited
Teclea. Its local name is Munderendu wa ikKueamong the Kikuyu of Kenya, ‘Mulela by the
Akamba, ‘Olerai by the Maasai and ‘Mndizi by theaBtbaa of Tanzania. Its synonymvigpris
trichocarpa. It is a shrub mostly found in coastal, upland $tseand grasslands especially near
rivers. The trees are usually 8 m tall with trikaéd leaves which have flattened petiole and
dotted with numerous lenticels (Figure 1.2). THaiits are hairy and wrinkled when dry. It is

common in the dry forest. It is commonly used foolthandles and walking sticks (Gachathi,
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1989). Teclea trichocarpa is used by traditional healers of the Akamba tolbdast Africa for
malaria treatment, as an anthelmintic and as aurajphalant for treatment of fever. Another
species,Teclea nobilis has been used by the Maasai of Kenya as a traditiverbal remedy
against malaria (Bussmamhal. 2006) Other species dfeclea are used medicinally in various
parts of Africa. For exampld,. nobilis bark and leaves are used as analgesics in Etraoplias
anthelmintic by the Kipsigis of Kenya (Kokwaro, B)7while Teclea ouabanguiensisis used as
a remedy for coughs and asthma in Cameroon. Funtnevious biological studies dfeclea
ouabanguiensis revealed potent insect antifeedant activity adathe African armyworm,

Soodoptera exempta, as well as antifungal, antibacterial activity amdvitro antiplasmodial

activities.

Figure 1. 2: Specimens ofleclea trichocarpa plant parts. (A) Unripe fruits , (B) Trifoliate
leaves (C) Ripening fruits (D) Srouting flowers (Pbto by Denis Kirubi)
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Phytochemical studies have been don&@ahea trichocarpa. The studies indicated presence of
several alkaloids including melicopicine, normepowe, arborinine, skimmianine, diatamnine,
tecleanthine and 6-methyltecleanithine, some otilaire illustrated in Figure 1.3. The structure

of normelicopine was determined by means of X-mggtography (Mureithi et al., 2002).

0 R,

! : R>
| -
CHs Ry

M elicopicine (R1, Rs, R3, R4 = OCHyj)
Normelicopicine (R; = OH; Ry, R3, R4 = OCHgs

Arborinine (R;= OH; Ry, R3= OCHj3; R4 =H)

O CHs,

N
,\|, 0
O CHs,

Skimmianine

Figure 1.3: Examples of some of the phytochemicals isolateuh ffeclea trichocar pa.

In another studyn-hexane, dichloromethane and methanol crude estrddfeclea trichocarpa
were investigatedor anti-trypanosomal, anti-leishmanial and cytatty activities. The total

methanol extract of the leaves of this plant amdisblated compounds were screemedtro for
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cytotoxicity and against parasitic protozoBlasmodium falciparum, Trypanosoma brucei

rhodesiense, Trypanosoma cruzi andLeishmania donovani. Among the compounds a-amyrin had
the best anti-plasmodial activity, normelicopicirad skimmianine had the best anti-
trypanosomal activity against b. rhodesiense andT. cruzi. Normelicopicine also exhibited best

anti-leishmanial activity (Mwanggt al., 2010).

1.6. Problem statement and justification

The most important aspects during the usage ofsdinogn all sources are their quality, efficacy
and safety. Assumptions have been made that thefuserbal drugs in treatment of parasitic
diseases in humans is going on without any notleetxic effects (Sushmet al., 2012). The
assumption is not based on scientific evidenceohuhe fact that herbs are often believed to be
safe because they are ‘natural’ (Glesler, 1992usTthey are often used indiscriminately and in
unstandardized manner. However, many dangerougeorlethal side effects have been reported
including direct toxic effects, allergic reactiomgfects from contaminants, and interactions with
drugs and other herbs (Ernst, 1998). It is notdwothat toxicity related to drugs is common in
both conventional and herbal therapeutic agents. dxample, a study carried out on 548
compounds marketed between 1975 t01999 showed.@hat% were withdrawn or acquired a
black box warning due to toxicity (Booret al., 2005). This emphasizes the need to carry out

toxicity testing on all drugs intended for humar @mimal consumption.

Less than 10 % of herbal products in the world ao¢ standardized to known active
components, and therefore no strict quality contnoéasures are followed. The active
constituents of most herbs or the toxicants ardyd&nown. Herbs contain complicated mixtures

of organic chemicals, the level of which may vampstantially depending upon many factors
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related to the growth, production, and processihthe herbal product (Stephen and Richard,
2004). Most of the toxic constituents in herbs sgeondary metabolites produced by plants as
their natural defense to adverse conditions but eray up poisoning the human (Obidike and
Salawy, 2013). Deaths have been reported on ingisdwho have consumed drugs that have
been empirically identifiedia trial and error methods (Pamedaal., 2001). It is very important
to put more effort in the study of herbal medicaral especially in the areas of standardization.
It is documented that herbs as medicine have nimedaenough momentum in the scientific
community due to lack of specific standards beiregsgribed for herbal medicines (Sardtal .,
2006). The challenges faced by herbal formulatiarise because of their lack of complete
evaluation since evaluation is necessary to erqpuaibty and purity of the herbal product (Gupta
and Amartya2012). Besides studies on quality and efficacherbal medicines, it is necessary

to ensure the safety of a product and this eniaxigity testing.

The empirical process of identifying medicinal aigeby trial and error is not efficient and
countless individual have died following treatmemtsh plant products that were poisonous
and/or ineffective. Thus, the scientific medicing 20" century should depend on rational
codified principles, providing an understandingadfy some treatments are effective and others
are not. It is very important to ensure that eaclydlerived from plant products be evaluated for
safety and efficacy by methods identical to thosedufor novel synthetic entities (Rotblatt and

Zimet, 2002).

Toxicity testing of herbal drugs has also been tbt;mhave a lot of benefits. Notably, it is easy

to identify the toxic effects and thus determine limit of exposure levels especially to sensitive
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population. Once these toxicants are known they tmaydiscarded or modifiedia dosage

adjustment, chemical group or structural adjustsédbidike and Salawy, 2013).

From the literature review, there is no prior doemted scientific research especially on sub-
acute toxicity testing on the root bark extractsTeflea trichocarpa. Teclea trichocarpa has
been used in herbal medicine and preliminary studi@ve shown that it has antihelmintic
activity. The possibility of any potential lethatls effects justifies the necessity for this work.
There are reports on the cytotoxicity of the leafra&ct on protozoa (Mwangit al., 2010).
Although photochemical investigation has been edraut, there are no reports on the safety of

its root bark extract and hence the need to cartyhos study.

1.7. Objectives

1.7.1. Broad Objective
To investigate the toxicity of dichloromethane-ngetbl (1:1) extracts from different plant parts
of Teclea trichocarpa, Albizia gummifera, Crotalaria axillaris, Manilkara discolor, and

Zanthoxylum usambar ense.

1.7.2. Specific Objectives
1. To investigate the brine shrimp lethality test loé fplant parts fronTeclea trichocarpa,
Albizia gummifera, Crotalaria axillaris, Manilkara discolor, and Zanthoxylum
usambarense.
2. To investigate the acute and sub-acute toxicityichloromethane-methanol (1:1) extract
of Teclea trichocarpa root bark on rats with reference to clinical, hatotwgical,

pathological/histopathological and clinical biochsiry investigation parameters.
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CHAPTER TWO: PRELIMINARY TOXICITY SCREENING OF FIVE

PLANTS

2.1.Introduction

Toxicity testing on herbal extracts is carried ouat the same principles as the conventional
medicine.ln vitro toxicity testing employs the use of models suchhasbrine shrimp lethality
test (BST) whereas im vivo methods, animals such as mice or rats are usedadvantage of
the brine shrimp in toxicity testing is that therisfp has a lot of homogeneity in eggs and in
newly born nauplii which are highly sensitive toeaficals. The eggs are easily available and
hatch with ease within 16-24 hours to the nauplie nauplii are utilized within 24-48 hours
post hatching. At the #4hours post exposure of nauplii to the test cheiniha concentration

causing 50 % lethality (L&g) is determined.

The BST method is used to screen for bioacthatyticancer, cytotoxicity, toxicity, pesticidal
activity or gastroprotective action among otherrphacological effects of plant extracts. Brine
shrimp lethality is a rapid method that is reliabl®expensive and convenient as an in-house
general bio-assay tool (Meyetral., 1982). This method is basically used to predictdibxand

the results obtained are compared with oral acateity in rodents (Amenya, 2011)n vivo
toxicity testing mainly employs the use of ratdhaiigh other rodents may be used. Dogs and

monkeys are restricted to advanced stages of ge@timenya, 2011).

Preliminary work was carried out at the UniversfyNairobi in 2010 using ‘Screen-to Nature’
(STN™) technology to screen plants for anthelmintic\atsti Screen-to-Nature technology is an

innovation of Global Institute for Bio-explorati¢GIBEX), that uses effective and portable drug
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discovery tools and technique to screen bioactnpgrties in plants directly in the field by

using local resources (GIBEX, 2008).

The study plants were selected based on previadgitmal knowledge on Kenyan medicinal
plants gathered at the Mitishamba Drug Researchr€ehthe School of Pharmacy, University
of Nairobi for more than twenty years. The informnatwas from herbalists and literature on
their use for common ailments like malaria, diaahekin infections, coughs, abdominal
ailments and intestinal worms. A study carried onit Albizia gummifera, Crotalaria axillaris,
Manilkara discolour, Teclea trichocarpa and Zanthoxylum usambarense found them to have
high activity against the roundworRanagrellus redivivus. This is a free living nematode that
serves as a model organism to determine the Igthadliplant extracts to roundworms (GIBEX,

2008).

2.2. Objectives

2.2.1. Main Objective

To carry out pleliminary toxicity sreening of fiygants

2.2.2. Specific objectives

1. To carry out plant identification, correctiondgpreparation

2. To determine L& of the plants extracts using brine shrimp lethakist
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2.3. Materials and reagents

2.3.1. Plant materials
The 5 plants used during this study were obtaimeh fNgong Hills Forest which is known for
its richness in biodiversity. Specimens of the plgarts and the voucher numbers were

preserved at the School of Biological Science haurbain Chiromo, University of Nairobi.

2.3.2. Brine shrimps eggs
The shrimp eggs for use in lethality test were pased locally from an aquarium shop

(Aquapet Ltd, Westgate Mall, Nairobi, Kenya).

2.3.3. Apparatus and equipments

2.3.4. Equipment for plant material preparation

Tools used at the site of plant material collectiociuded “pangas”, knives and a hand-saw. A
ginding mill was used during powdering of the drj@ent materials and various glassware and
laboratory equipment were used during extractioauze, Whatmann's filter papers and a rotor

evaporator (Heidoph VV2000, Schwabach, Germarere used during the extraction process.

2.3.5. Apparatus for BSL test
The BST was carried out in a small tank or hatclshgmber with a dividing tank that was

locally fabricated. The other essential was ovedtiamp.

2.3.6. Reagents for BST

The reagents used included sea salt from Aquapeigstgate mall, Nairobi.
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2.3.7. Solvent for BST

The solvents used at this stage included dichlotioame, methanol and dimethylsulphoxide
(DMSO) all of which were of analytical grade in ¢jtia These reagents were obtained from

Lobachemie, Mumbai, India.

2.4. Procedures

2.4.1. Plant collection, identification and extradgbn

The site for plant collection is stated in secti@.1. Different plant parts were collected as
indicated in appendix 1. The roots were washedimming water to remove soil matter and the
root bark peeled-off when the sample was stillHreBhe plant parts were then air dried with
regular turning, ground to powder and the powdeighed. The powders were then packed in
well labeled air-tight polythene bags to avoid murie and growth of fungi. Cold extractions
were done on several batches, each using dichldhame-methanol (1:1). About 1500 ml of
solvent mixture was added to 1000 g of powderedhtphaaterials and thoroughly mixed.
Periodical stirring of the mixture was performed tbe next 48 h before filtering. A golden-
yellow coloured liquid extract was obtained. FurtB®0ml of the solvent mixture was added to
the plant material and the procedure repeatedrfothar 48 hour. This was repeated three times
until the disappearance of the colour of the extmadicated that exhaustive extraction. The
extracts were then each filtered through gauzetritgged at 5000 r.p.m. and then filtered
through a double layer filter paper. Each extraa$ \@riedin vacuo using a rotor evaporator and
then in the oven at a temperature of°@) The percentage yield were calculated and redorde

The extracts were kept at@ until use.
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2.4.2. Brine shrimp lethality assay

2.4.2.1. Shrimp’s eggs/cysts viability test

The viability test on the shrimp eggs/cysts wasdoated to confirm their hatchability. A high

volume beaker was filled up to approximately twods full with sea water. About a teaspoon of
brine shrimp eggs/cysts was added and the beallereggs put into a cultivator for 48 hours.
The ability of the eggs to hatch was assessed fyally checking for the swimmingrtemia

naupliis.

2.4.2.2. Hatching the shrimps

The Artemia salina eggs were incubated in natwalvgater (33 g / L) at room temperature

under constant aeration for 48 hours, the photatnog@uplii were then ready for use in assays.

2.4.2.3. Brine shrimp lethality assay

Different concentrations of the dichloromethanetmabl extracts from the 5 different plants
were prepared in dimethyl sulphoxide (DMSO) to abtach of the three concentrations at 10,
200 and 100Qug/ml. Ten of thenapuliis were collected by a pipette from the leghgide of the
hatching chamber and were put in vials containiriy @l of sea water each with different
concentration of extracts for the tests. Ten ofrthepliis were put in 4.5 ml sea water with 0.2 %
of DMSO for the control set up. After 24 hours,\8uing shrimps in each vial were viewed with

a magnifying glass, counted and the survival datanded.
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2.5. Data Analysis

Data collected was entered into Microsoft Excekapsheets (Microsoft Inc, Washington, USA)
before exporting to the relevant statistical paelsagThe data obtained from brine shrimp
lethality test was exported to Graphpad Prism 4i{/&y 2003) computer program for analysis to

determine the 1§ values at p< 0.05, 95 % confidence interval.

2.6. Results

2.6.1. Extract description

The driedTeclea trichocarpa extract was obtained as a tar-like semi-solid sz with dark to
golden brown colour. Further, tAeclea trichocarpa turned filter paper transluscent confirming

that the extract contained oils.

2.6.2. Yields of extracts

The yields of dried solid extract from the dichlorethane-methanol extracts of the 14 plant
parts ranged from as low as 0.2 % to 9.9Cketalaria axillaris twigs had the lowest yield (0.2
%), Teclea trichocarpa root bark had 7.9 % arlbizia gummifera pods had the highest yield of

9.9 % (Appendix 1).

2.6.3. Results from brine shrimp lethality tests

The dichloromethane-methanol (1:1) extracts Adbizia gummifera, Crotalaria auxillaris,
Manilkara discolour, Teclea trichocarpa and Zanthoxylum usambarense brine shrimp lethality
test results are as shown in Table 2.1. The resbttmned from the study indicated ti#dbizia

gummifera pods andClotaralia axillaris twigs extracts had L& >1000 pug/ml while that of
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Teclea trichocarpa root wood was >50Qug /ml. Albizia gummifera root bark, Manilkara

discolor root bark and stem barks aiffidclea trichocarpa stem bark, root and twigs had iC

>100 < 500ug /ml. The LG, for Teclea trichocarpa root bark andZzanthoxyllum usambarense

stem bark extracts were between 30 and (@dml.

Extracts fromAlbizia gummifera root &

stem bark an@anthoxyllum usambarense root barks were the least, below 3§ml.

Table 2.1:The LCs values in pg/ml of various extracts under study ofrine shrimps.

Plant parts

LCsoValues (png/ml)

Level of toxicity *

Albizia gummifera pods
Albizia gummifera root
Albizia gummifera root bark
Albizia gummifera stem bark
Crotalaria axillaris twigs
Manilkara discolor root bark
Manilkara discolor stem bark
Teclea trichocar pa twigs
Teclea trichocarpa root wood
Teclea trichocarpa stem bark
Teclea trichocarpa root

Teclea trichocarpa root bark

Zanthoxylum usambarense root bark

Zanthoxylum usambarense stem bark

>1000

12.97

385.7

28.67

>1000

183.2

190.8

196.5

768.7

446.4

454.4

41.64

12.99

31.14

Practically non-toxic
Moderately toxic
Very low toxicity

Moderately toxic
Practically non-toxic
Very low toxicity
Very low toxicity
Very low toxicity
Non-toxic

Very low toxicity
Very low toxicity
Mildly toxic
Moderately toxic

Mildly toxic

*Reference: (Meyer et al., 1982 and Moshi et al., 2010)
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2.7. Major findings

The results obtained from the study indicated tAHtizia gummifera pods andClotaralia
axillaris twigs extracts were practically non-toxic or nanivge (with LGso >1000ug/ml). Teclea
trichocarpa root wood (LGo >500 pg /ml) was non-toxic whilélbizia gummifera root bark,
Manilkara discolor root bark and stem barks afdclea trichocarpa stem bark, root and twigs
(LCs0>100 < 50Qug /ml) had very low toxicityTeclea trichocarpa root bark andanthoxyllum
usambarense stem bark extracts (g results between 30 and 1Q6/ml) were mildly toxic to
the shrimps. Extracts fromlbizia gummifera root & stem bark and@anthoxyllum usambarense

root barks were moderately toxic with ¢ 30ug/ml.

2.8. Conclusion

From the results obtained from the brine shrimphdbty test, 5 extracts namelyeclea
trichocarpa root bark,Zanthoxyllum usambarense stem barkAlbizia gummifera root and stem
bark andZanthoxyllum usambarense root barks were comparatively the most cytotoxithw
LCsp < 100 ug/ml. These findings corroborates with earlier sgadthat that guide on the best

herbal extracts to be selected for further worleads in development of novel drugs.

Further, from the literature survey, much work basn done o#anthoxyllum usambarense and
Albizia gummifera. It is on this basis that the acute and sub acutieitp tests were focused
basically onTeclea trichocarpa root bark whose toxicity profile had not been doemted

despite its appreciable anthelmintic activity.
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CHAPTER THREE: ACUTE AND SUB-ACUTE TOXICITY STUDIES ON

TECLEA TRICHOCARPA ROOT BARK EXTRACT ON RATS

3.1. Introduction

Teclea trichocarpa has been used as herbal medicine in the treatofehelminthiasis and
preliminary studies have shown that it has antil@imactivity. As noted earlier in this report at
1.5.1.5,Teclea trichocarpa is used by traditional healers of the Akamba tob&ast Africa for
malaria treatment, as an anthelmintic and as awapbalant for treatment of fever.However,
there are no reports on the safety of its root leatikact and hence the need to carry out this

toxicity studies.

The potential of chemical substances to cause tei&cts can be assessed qualitatively in
laboratory animals. This is an vivo toxicity test that gives information on the podgip of a
conventional drug or herbal extract to cause tefiects in humans or animals (Descote, 1996).
To succeed in this exercise, an appropriate choiic@ntrol group must be selected, sufficient
number of laboratory animals used and good seleabio rigorous experimental protocols.
Furthermore, the severity of the effect describednmajor organs and the relevance of the
mechanisms involved including the variations infatént species assist in extrapolation of
toxicological findings from laboratory animals toam (Descote, 1996). During the study, the
target organ of toxicity in laboratory animals &lentified, the mechanism of induced changes

are noted and compared to the properties of tigettaite in man.

The findings on toxic potential of new compoundsstdute a major part in drug development

and it involvein vivo toxicological test, which is very critical in thesessment of the safety of
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all pharmaceutical products before they are retb&segeneral use. Animal models are used in

in vivo studies asdicators of human toxicity (Magna and Alan, 2Q07)

Organization for Economic Cooperation and Developn{®ECD) guidelines are used during
acute and sub-acute oral toxicity testing (Dieeteal., 1995). It is important to optimize the
information obtained by using the smallest numkiearomals to comply with animal welfare
regulations. Further, it is important to avoid essige pain or tissue damage in the animals,
pharmaceuticals with irritant or corrosive charastes should not be administered in
concentrations that produce severe toxicity afthmiaistration. During toxicity studies, all the
animals must be checked for morbidity, mortalityl @pecific signs of toxicological relevance.
For example, neurofunctional and neurobehavionathamological observation, body-weight
and food/water intake. The key haematological patars investigated are mean corpuscular
volume (MCV), mean corpuscular haemoglobin conegimin (MCHC), haemoglobin levels,
haematocrit levels, packed cell volume (PCV) tatad differential leukocytes, erythrocytes and

platelet counts.

Clinical biochemistry is crucial to investigate miajoxic effects on organs especially the kidney
and the liver. Some of the parameters include totatein, albumin, major electrolytes, total
cholesterol, alanine aminotransferase, arspatateno&ransferase, creatinine and alkaline
phosphatase that aid in hepatocellular evaluatdinong term studies such as chronic toxicity
must include urinalysis (urine output, color, pimtand osmalarity). Pathological studies and
gross necropsy are done by examining the bodyicesif abdominal cavity, body weight and
organ weight changes among others. In additionpéhological studies are done on adrenals,

lung, liver, kidney, testis, ovaries among oth@&CD 407, 2008). These organs are considered
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to be the most important during toxicity studiesodents and non-rodents (Michaehl. 2007).
Taking the weights of organs is necessary becatgsndo body weight ratios or organ weight
index (OWI) are commonly calculated and are considlenore useful when body weights are
affected ( Michaekt al. 2007). By carrying out toxicity tests, the effectf increase in dose on
the mortality and other effects of the lethal ddsat kills are determined. Estimating different
levels of toxicity by use of LE for instance can help in estimating the probabditof an
outcome for a given individual in a population. THetermination of acute, sub-acute, sub-

chronic and chronic toxic effects of the test coomnuts is therefore crucial (Traina, 2006).

3.2. Objectives

3.2.1. Main objective

To investigate acute and sub-acute toxicity studied:1 dichloromethane-methanol extract of

Teclea trachocarpa root bark in rats.

3.2.2. Specific objectives

1. To investigate acute toxicity study Tdclea trachocarpa root bark extract in rats

2. To investigate intraperitoneal acute toxicityTe€lea trachocarpa root bark extract in rats

3. To investigate sub-acute toxicity Béclea trachocarpa root bark extract in rats
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3.3. Methods
3.3.1. Materials and reagents for toxicity tests

3.3.2. Laboratory animals
The experimental animals consisting of Wister @aged 6-8 weeks, were obtained from the

animal house at School of Pharmacy, University aifdbi.

3.3.3. Reagents

The clinical chemistry kits for total protein, ctieee kinase and creatinine were from Diagnostic
Systems International, Holzheim, Germany and forTAIAST and Albumin from Thermo
Electron, Scoresby Vic, Australia and Fisher Diagjins, Massanchusetts, USA). Eosin and

haematoxylin dyes were sourced from Kobian Kenyaitad.

3.4. Solvents

The solvent used in this work included diethyletfiemn Lobachemie, Mumbai India and

phosphate buffered normal saline.

3.5. Equipment for toxicity testing

The equipments used during toxicity testing inctideVisual spectrophotometer (Biomerieux,
Paris, France) for clinical chemistry analysis, &roscope (Leica, Wetzlar, Germany) for
histopathological work, MS4 V&thaematology blood counter (Melet Schloesing Lalooies,

Cergy-Pontoise Cedex, France) and a locally fatattanaesthetizing chamber.
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3.6. Experimental animals

The study was carried out as per the OECD 407, 200&lines. Wister rats were bred at the
School of Pharmacy, University of Nairofihey were randomly allocated and housed in clear
polycarbonate cages with stainless mesh lids, eawitaining 5 rats, male and females
separately. Wood shaving bedding was changed twgakly to maintain hygiene. The animal
room was well ventilated, with functional windowsat were either opened or shut depending on
the weather conditions to ensure that temperatoréhe experimental animal room was
maintained at 22°C (x 3°C). Lighting was artificighe sequence being 12 hours light and 12
hours darkness. The rats were fed with mice pe(dilga Farmcare (EA) Ltd, Nairobi, Kenya)
and waterad libitum. All the experiments were conducted as per thel&tor the Care and Use
of Laboratory Animals as adopted and promulgatedhiyNational Institutes of Animal Health

(NACLAR, 2004).

3.7. Procedures for toxicity tests

3.7.1. Acute toxicity after oral administration

The experimental animals, Wister rats, aged 6-8kaje@ere randomly allocated and housed in
cages, each containing 3 rats; males and femabesagely with bedding changed twice a week
to maintain hygiene. Feed and water were gachbitum. The animals were randomly selected,
marked with picric acid to permit individual idefintation, and observed for at least 7 days prior
to dosing to allow for acclimatization to the labdtmry conditions. Animals were fasted
overnight prior to dosing but water was not witltheFollowing the period of fasting, the
animals were weighed and the test substance adergulson the basis of individual animal

weight. The extract was suspended in 2.5 % Tweeim8Wrmal saline with volume of the
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agueous suspension not allowed to exceed 1 mL/100 lgpdy weight. The test dose was
administered in a single dose by gavage usingldaifatubation canula. Food was withheld for

a further 3-4 hours after dosing.

For each dose used, the volume administered Wwaslai@d using the equation; V = (DxP) / C,
Where; D = Dose used (g/kg body weight), P = Bodirgivt of rat (g), C = Concentration of

extract in g/ml and V = Volume (m(endongget al. 2007).

The Globally Harmonized Classification System (GHS Acute toxicity category (ATC)
method of the OECD was used to determine thgoltBnge (OECD Guidelines, 2001) as per
appendix 2. Since there was no prior informatiantaxicity of Teclea trichocarpa extract, for
animal welfare reasons, the starting dose wastseléo be 300 mg/kg body weight (Appendix
3). Since no death occurred at this dosage ldveh the next higher dose, 2000 mg/kg was used.
In 2000 mg/kg category, all the three rats weraté@ with 2000 mg of extract per kg body
weight of the rat. The volume of the extract giveas calculated according to the weight of each

rat, ensuring that the volume fed to the rat didexzeed 2 mL.

Mortality and other clinical signs were recordetieTiest was designed in such a way that if one
or no animal died after 24 hour, the procedure repsated by using three rats at the same dose
level. Absence of death or death of only one anithiaing the repeat dose implied that thes§.D
range is more than 2000 mg/kg but lies between 200&kg and 5000 mg/kg. Moribund rats,
those obviously in pain or showing signs of seward enduring distress were humanely killed
and considered in the interpretation of the testlts in the same way as animals that died on

test.
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The rats were observed individually after dosindgeast once within the first 30 minutes, then
periodically during the first 24 hour. The paramstef interest were changes in skin and fur,
eyes and mucous membranes, respiratory, circulaatgnomic and central nervous systems for
signs of toxicity that may include; tremors, corsrahs, salivation, diarrhea, lethargy,

somnolence, or coma or death. The mortality rasesdch dose group were recorded for the first
24 hours. Standard pathology procedures were fellbwo examine the dead or sacrificed
animals and the pathological changes recorded.dgkopic examinations were done for those
organs showing gross pathology and in organs fribminanals at the highest dose group and in
the control groups. Pertinent lesions were recorae@ll dosage levels. Lesions were then

followed through in animals at other lower doseugras was necessary.

3.7.2. Acute toxicity after intraperitoneal adminidration

The procedure used conformed to the OECD guiddlia¢ is used in acute toxicity testing
(OECD 423 guidelines, 2001) and as per Appendicds 2. The extract was dissolved in
phosphate buffered saline with 3 % DMSO. The extveas first filtered through filter paper,
and then through 0.2 um Millipore filters to ensuterility of the solution for intraperitoneal
administration. The concentration of the solutioaswadjusted to ensure that the volume
delivered per animal based on individual body weighs between 1 ml and 2 ml, the volume
recommended for rats. The solution was then injegta intraperitoneal route starting with the

2000 mg/kg body weight dosage level.

The GHS/ATC method was then used to estimate thg tdhge. For example, for a starting
dose of 2000 mg/kg body weight (Appendix 2), thaeémals were injected with 2000 mg/kg

each. If 0-1 death occurred within 24 hours, thgeexment was repeated with 3 more animals. If
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during the repeat exercise 0-1 death occurred,ag woncluded that the kPrange for the
extract falls between 2000 and 5000 mg/kg body kteigOn the other hand, if 2-3 deaths
occurred during the first or repeat exercise it wasumed that the lsprange was below 2000
mg/kg and therefore the experiment was shiftedesd procedure with a starting dose of 300

mg/kg body weight (Appendix 3).

3.7.3. Sub-acute toxicity

Feed and water were providedtl libitum and the Wistar rats were allowed 7 days for
acclimatization. The rats aged 6-8 weeks, werdaamry allocated and housed in cages, each
containing 5 rats; males and females separately widod shaving bedding changed twice a
week to maintain hygiene. The animals were assigne@dndom to three treatment groups of 5
animals per sex and a control group. A total ofaédmals were used. Each treatment group
received a different concentration of the plantaottby gavage as described in the acute toxicity
study. The dosage levels were logarithmically sdaas follows; 100 mg/kg, 300 mg/kg and
1000 mg/kg body weight daily. Controls were adntgred with untreated vehicle comprising
2.5 % Tween 80 in normal saline. Animals were dafaty for 28 days with the test material on
the basis of weekly mean group weight in accordamite OECD guideline 407 (2008). All

animals were weighed weekly.

3.7.3.1. Clinical observations

Animals were observed individually for clinical sg twice daily after dosing. Clinical
observations were recorded daily. The parametenstefest were changes in skin and fur, eyes
and mucous membranes, respiratory, circulatorypremmic and central nervous systems for

signs of toxicity. Signs of toxicity included tremso convulsions, salivation, diarrhea, lethargy,
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somnolence, or coma or death. The mortality raseedch dose group were recorded for the first
24 hours. Animals found moribund or showing clihisigns of pain or distress were euthanized

using diethylether.

3.7.3.2. Haematological tests

For haematological studies, 2-3 ml of blood wasectéd using a capillary tube from the orbital
sinus of the lightly ether-anaesthetized Wisterin&d a test tube containing ethylenediamine
tetraacetic acid (EDTA). Haematological parametefs interest included; haemoglobin
concentration (Hb), mean corpuscular haemoglobirfCKly} mean corpuscular haemoglobin
concentration (MCHC), mean corpuscular volume (MCYotal erythrocyte count (RBC),
haematocrit (PCV). Also collected was total whitedadl cell (WBC) and differential leucocyte

count. Blood was collected before treatment and thereafter fortnightly for 28 days.

3.7.3.3. Clinical chemistry tests

About 2-3 ml of blood samples per animal were @#d in heparinized tubes. Plasma was
obtained by centrifuging heparinized blood at 19,80m for 5 min. Plasma was separated and
stored at -20C until use. Clinical chemistry parameters includedcentration of total proteins,
albumin, creatinine and the activities of aspartaeinotransferase (AST), alanine
aminotranferase (ALT), and creatine kinase (CK)edghparameters were measured using the
liquid-chemistry photometric methods. The plasmatgin concentration was determined
colorimetrically at 540 nm using the biuret methekiile total plasma albumin was determined
by the bromocresol green method at 630 nm. Themeeazyctivity was determined as per the

guidelines from the International Federation ofn@al Chemistry and Laboratory Medicine
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(IFCC) (Walter, 2002). The plasma ALT and AST aityiwas determined by a photometric

method with absorbance read at 340 nm while theigcof CK was determined at 492 nm.

3.7.3.4. Necropsy and histopathologic evaluation
A complete necropsy was performed on all treatetl @mtrol animals that either died or were
sacrificedin extremis. The weight of the liver, kidney, spleen, adren#itymus, testicles and

ovaries was taken using electronic weighing balance

Samples of major organs including liver, kidneyynsach, intestines, lungs, heart, brain and
spinal cord were preserved in 10 % buffered formé&r histopathological evaluation. These
organs were processed for histopathology throughdstrd protocols. They were trimmed,
embedded in paraffin wax, sectioned at 5 pm anthestawith haematoxylin and eosin and
observed under the microscope. The severity of sg@sd histopathologic morphological
changes were graded as minimal (1), mild (2), matée(3) and marked (4) according to a
standard criteria (Sharkleforet, al. 2002). Frequency of each lesion category wasméated in
two sections per organ at randomly selected sitted@ x100 and x400 objective magnification
under the microscope, and scored according to ébegory of severity. Pertinent lesions and
their frequency of occurrence were followed alofigdasage levels and benchmarked against

their occurrence in the highest dose group

3.8. Data Analysis
Data collected was entered into Microsoft Excebapsheets (Microsoft Inc, Washington, USA)
before exporting to the relevant statistical paelsagThe data obtained from brine shrimp

lethality test was exported to Graphpad Prism 4i{/&) 2003) computer program for analysis to
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determine the 163 values at p< 0.05, 95 % confidence interval. Gardus data such as organ

weight indices, weight changes, biochemistry arnehtetological mean values were analyzed by
descriptive statistics and two way analysis of amace to compare values in the control and the
treated rats carried out. The categorical data sgcpathological lesion frequency and severity
and differential leucocytes counts were analyzeddajparison of dose level proportions and by
use of a logistic regression model. The SPSS Pmogramber 17, USA, was used for data

analysis.

3.9. Results

3.9.1. Acute oral toxicity ofTeclea trichocarpa root bark extract

3.9.1.1. Clinical effects.

There was no death during acute oral toxicity tesbtf Teclea trichocarpa root bark extract at
2000 mg/kg. All the animals showed clinical signgts as piroerectile, rubbing of nose and
mouth and avoided feeds for the first 10 min pasimy. All the animals rubbed their mouth and
nose with their front pawns and against the wafldhe cage soon after dosing. All these
symptoms disappeared completely after 30 min posind. The extract did not cause diarrhoea

but the droppings in all test animals were wet aoidwell formed like pellets (Figure 3.1).
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Figure 3.1: A specimen showing faecal droppings from the taisbiatory rats (T) and control
rats (C) gavaged orally with 2000 mg/kg of rootko@xtract.

3.9.1.2. Gross pathology

Body weight changes during the 5 treatment daysHerthree animals dosed at 2000 mg/kg
were not significantly different from the controtogip. All extracts treated animals showed a
stable increase in body weights after 5 days (T8¢ There was no evidence of exudates in

the peritoneal cavity during autopsy.

Table 3.1: Effects ofTeclea trichocarpa root bark extract on weight of rats (n = 3)

Rat's Weight at day 0 () Weight at day 5 after treatmen(g) Weight gain (g)

group
1 118 130 +12
2 116 130 +14
3 152 162 +10
Control 178 180 +12
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3.9.1.3. Histopathological changes

An oral dose of 2000 mg/kg did not cause any patfiodl changes in the main organs of
toxicity. The sections of the heart, spleen, imbest, adrenal, lungs, stomach, liver and kidney
appeared normal under the microscope. The micraspagiure of the liver (Figure 3.2) and the

intestine (Figure 3.2) showed well-formed and dstied hepatocytes and villi, respectively.

The cells around the central vein, that is contirsuwith the hepatic veins, and which suffers the

heaviest burden of gut derived toxins, had no sggrexicity.

Figure 3.2 A photomicrograph of a liver 24 hour after oral dose of 2000 mg/kg body
weight of Teclea trichocarpa extract. Note the normal architecture and intact cells even
those contiguous to the central hepatic vein (CV)x@00, Haematoxylin &Eosin).
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Figure 3.3: A photomicrograph of rat’s intestine 24 hour aftesl dose of 2000 mg/kg dkclea
trichocarpa extract. Note the normal architecture, well-fornaedl intact villi (VL) (x40
Haematoxylin & Eosin).

3.9.2. Intraperitoneal acute toxicity.

3.9.2.1. Clinical effects.

All the rats dosed at 2000 mg/kg body weight intrétpneally died within two to three minutes.

Immediately after dosing, the animals became &Estledeveloped uncoordinated, jerky
movements, then convulsed with their tails stradched raised upward. The death mimicked
that of strychnine toxicity. In the 300 mg/kg pevdy weight category, one rat died after 45
minutes, the second one died after 4 hours andhih@ after 48 hours. The symptoms were
similar to 2000 mg/kg category but milder. The ngodup of 3 rats was dosed at 50 mg/kg body
weight survived without any observable symptomstii@r next 24 hours. Dosing was continued

for the next 5 days till the cumulative dose wasado the next toxic dose of 300 mg/kg body
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weight but the rats survived. The only observatdadient signs that occurred within 30 minutes

post extract administration included raised fur arauth rubbing.

3.9.2.2. Histopathological changes

The histopathological pictures of the main orgaits ribt portray any abnormal features. The
liver and the kidney cells and the general architecof the organs were normal. The extract
acted fast in those animals that were dosed at 2i§)lRg body weight by affecting the central

nervous system and thus the convulsions but there mo histological changes of toxicity in the

organs, that is, the liver and kidney examined{f@g3.4 and 3.5 respectively).

Figure 3.4: A photomicrograph of the liveof a rat injected intraperitoneally with 2000 mg/kg
body weight extract. Note the normal histoarchuestand columnar layers of hepatic cells (A)
can be seen radiating from the central portal (8)(x100, H & E).
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Figure 3.5: A photomicrograph of the kidney of a rat injectatraperitoneally with 2000 mg/kg
body weight of extract. Note the normal histoamttiire; the Bowman’s capsule (C) and the
renal tubules (D) are intact (x400, H&E).

3.9.3. Sub-acute toxicity

3.9.3.1. Clinical signs

All the animals in 100 mg/kg, 300 mg/kg and 1000/kggdose categories did not exhibit any
abnormality throughout the 28 days oral adminigirabf Teclea trichocarpa root bark extract.
The only transient clinical signs that were mostnmunced at 1000 mg/kg and lasted for about
30 minutes included raised fur, fast rates of masjpin and rubbing at the oral cavity indicating
irritation. The animals looked dull and inactive nmadiately after dosing but this signs
disappeared after a few minutes. The motor funstisrere normal with no signs of gait
abnormality. Before the animals were sacrificedytieere placed on examination table for
proper observation. The mucous membranes were hamal animals and there were no

noticeable changes to the color of the eyes. Allghimals except the control groups defaecated
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semi-formed wet droppings/pellet that could notHie description of outright diarrhoea. All the
treatment groups gained weight progressively aspeoed to the control. There was thus a
significant weight difference from week 0 to weekwieek 1 to week 2, week 2 to week 3 and
week 3 to week 4. Although there was a moderatee@se in weight in all groups, the weight
changes in the treatment groups 100 to 1000 mgtkgat differ significantly. Weight changes
between the test groups and control were signifigagiifferent, the control group gaining
significantly more weight than any of the test grewat each time point. The animals in 100
mg/kg category showed a mean drop in weight dutivegfirst week of treatment and this is
corrroborated by a negative percentage body weallghhge. However, this phenomenon could
not be explained to be dose-related since the waighigh dosage levels was not affected at this
time point (Table 3.2 and Figure 3.6). The constodwed a higher increase in weight compared
to all the test groups indicating that the extizad some effects either on the feeding patterns or

on absorption of nutrients from the gut.

The organ weight indices for various organs renthiabnost at a constant across the four
treatment categories, that is, 1000, 300, 100 mddy weight and in the control group
implying that the oral doses tested had little orimpact on the weighed organs. For example,
the OWI for the liver ranged between 2.98 to 3.6fbss all the treatment groups, a difference of
1.23 units. The OWI for the adrenal glands lay leetv0.20 to 0.30 across all the treatment
groups, a difference of 0.10 units reflecting asmgnificant increase (p = 0.0701) in all the

organs weighed (Table 3.3 and Figure 3.7).
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Table 3.2: Effects of theTeclea trichocarpa root bark extract on mean body weight (g) of rats.

Mean weights at

Dosage mg/kg b.wt.  Week 0 Week 1 Week 2 Week 3 Wekk
1000 184 +10.7 186.6 £ 10.9 196.3 £ 10.2 202.5+11.2 209.9+10.7
300 177.1+£6.9 189+7.6 187.6+9.4 199.7+9 212+ 7.7
100 190.4+9 186+ 11.4 208.1+9.9 2119+10 221.3+8.8
Control 1743+7 190.5 + 10.2 203.3+7.9 225.5%+4.2 235.7+33

The values are expressed as mean + standard értbe onean (SEM), one way analysis of

variance (ANOVA), n = 10. Significant differencenfn pre-treatment means and control mean
(p<0.05).

—e—1000mg/kg —m—300mg/kg —=—100mg/kg

Control

N ,// / .//
: e
. - =

Percentage body weight changes (%)

Time (Weeks)

Figure 3.6: Percentage Body weight changes in rats treated Weitlea trichocarpa root bark
extract in respect to weight at week\Weight gain noted as from week 1 onward)
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Table 3.3:Effects of Teclea trichocarpa root bark extract on actual weights and organ
weight indices of rats.

Dosage 1000 mg/kg 300 mg/kg 100 mg/kg Control
Actual Actual Actual Actual
Organ mean owiI mean owiI mean owiI mean owil
weight (mg) weight (mg) weight weight
(mg) (mg)
Liver

7600 + 710 3.62 7130 +540  3.36 7800 +670 3.67 7040 +280 2.98

Kidney

1290 09 0.61 1.22 +90 0.57 1.24 +80 0.58 1.40+540 0.59
Adrenals

5010 0.02 60 £10 0.03 60 0 0.03 60 £10 0.03
Heart

630 +20 0.30 570 +40 0.28 590 +20 0.26 490 20 0.21
Spleen

740 +240 0.35 780 +90 0.37 800 +40 0.36 770 30 0.33
Thymus

240 £30 0.11 240 £30 0.11 290 £30 0.13 180 £10 0.08
Testis

1680 +280 0.80 2000 +260  0.90 1690 +760 0.78 2090 +120 0.89
Ovaries

100 +20 0.04 110 +10 0.05 120 +10 0.05 70 £10 0.03

OWI = Organ Weight Index. These values are exptessemean * standard error of the
mean (SEM).
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Figure 3.7 The effects of théleclea trichocarpa root bark extract on rat's organ weight
index (OWI)

3.9.3.2. Gross pathological changes

The Teclea trichocarpa root bark extract did not induce any notable patyigial changes in
rats at the highest dosage level tested. The griotsres of the internal organs such as the
liver, lungs, kidney, adrenal glands and the gastiestinal track were normal in both colour
and architectural appearances. One animal in tifte m§/kg per body weight category
however had an abscess in the one half of therspldee animal did not look sick and this

was considered as incidental findings.

3.9.3.3. Histopathological changes

The gross histopathology of all organs was notdaetaormal.
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3.9.3.4. Haematological effects

The haematological variations during the 4 weeksubfacute testing in rats are summarized
in the table on Table 3.4. The extract caused aestadcrease in RBC count at dosages 100,
300 and 1000 mg/kg compared to the control. Howeves increase was neither dose nor
time related. There was a slight significant diéfere in RBC values (p<0.0001.) at dose
1000 mg/kg and the control in the fourth week aiclwhpoint RBC dropped significantly
below the control values dropped. All the treatmgnoups and the control had a gradual rise
in haemoglobin, then a slight fall during week 24tdut the levels remained higher than
those taken before treatment. The variations betweatment groups were not significant in
all time points. Red blood cell levels (Figure 3&)d haemoglobin levels (Figure 3.9)
showed an almost common trend. PCV levels did hotvsany significance difference
between all the treatment groups and the contfidis. values for immature RBC in doses
100, 300 and 1000 mg/kg were below a digit whetbasfor control was zero (Table 3.4).
There was dose unrelated fluctuations in the leeEMICH in all treatment groups with that
of control experiencing a moderate fall from weeto veek 4. In 1000 mg/kg category, the

MCH level fell during week 1 to 2 then rose steadiliring week 3 to 4.
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Table 3.4:The overall cumulative effect of thi@clea trichocarpa root bark on haematological values in rats.

Dosage | WBC | RBC | PCV | Haemoglobin | MCV | MCHC | Thrombocytes | Total Mature MCH Lymphocyte | Immature | Eosinophil | Monocyte | Basophil | Nucleated
level (/uL) (x108 | % (g/dL) (fL) (g/dl) (x103/pl) Neutrophils | Neutrophils | (pictogram) | (%) Neutrophil | (%) (%) (%) RBC
/L) (%) (%) (%)

1000 24057 | 6.63 | 40.16 | 15.84 60.9 | 39.95 | 4333 227 226 233442 77123 0.1 0 0 0 0.8

mg/kg +3170 | £04 | ¥22 | 04 1.1 | £26 +46.1 4.7 4.7

300 24122 | 6.9 422 | 156 614 | 371 448.5 288 288 284 47 70 £2.1 0 0 0 0 0.1

mg/kg 3553 | £0.2 | 1 10.2 +0.8 | £0.9 155.5 155 4.3

100 12112 | 6.6 396 | 155 60.3 | 395 415.6 252 25 238438 744 £24 0.2 0 0 0 0.3

mg/kg 5410 | £0.3 | ¥2.1 | 0.7 +1 1.3 554 4.3 4.3

Control | 28092 | 6.7 414 | 16 616 | 386 430 25 25 23.7433 73.3£20 0 0 0 0 0
+4016 | £0.2 | 1 0.3 +1.2 | 209 +30.9 42 42

Significant difference from the control mean (p.83), one way ANOVA followed by Student t test
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Figure 3.8: Mean RBC count level in rats treated with différ@oncentrations offeclea
trichocarpa root bark extract.
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Figure 3.9 Mean haemoglobin concentration levels in ratatée with different concentrations
of Teclea trichocarpa root bark extract.
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Figure 3.10: Mean corpuscular haemoglobin (MCH) level in ragmted with different
concentrations ofeclea trichocarpa root bark extract.

The MCHC values fluctuated slightly around 40 gidLall dosage levels and the control and
then showed a non-dose related variation (ris&080 mg/kg and a fall at dose 300 mg/kg but

remained steady at doses 100 mg/kg and controésddatween week 2 and 4 (Figure 3.11).
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Figure 3.11: Mean corpuscular haemoglobin concentration levelgais treated with different
concentrations ofeclea trichocarpa root bark extact

Thrombocyte levels experienced a gradual increasd the treatment groups together with their
controls but these trends were not significantffedent from the control and between treatment
and at different times (Figure 3.12). There wagyaiicant difference (p<0.001) in the levels of
thrombocyte at 1000 mg/kg treatment group and énekiels of WBC in the 300 and 100 mg/kg

categories.
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Figure 3.12: Mean thrombocytes count levels in rats treated different concentrations of

Teclea trichocarpa root bark extract.

The WBC values at dosage levels of 300 and 100kgnggmained steady around 25,000
cell/uL between week 2 and 4 (Figure 3.13). Theedase in WBC values at 100 mg/kg
compared closely with that of the control groupwesn week 2 and 4 with the control group
showing a slight increase above those values ag#o$300 mg/kg. WBC levels experienced a
drop in week 0 to week 2 and then a small risd waek 4 (Figure 3.13). The high WBC levels
for dosage 100 and 300 mg/kg at the beginning ef dkperiment could have been due to

laboratory errors or individual animal factors snthey could not be related to extract

administration.
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Figure 3.13: Mean white cell (WBC) count levels in rats dosedhwdifferent concentrations of
Teclea trichocarpa root bark extract.

In general, the lymphocyte levels remained almastrastant in all treament groups, fluctuating
between 65 and 75%. The was no noticable chandymphocyte level in control group, but
there was a slight increase in 300 and 1000 mgdkegories. The levels in 100 mg/kg group fell

slightly from week 1 to 2 then rose from week 3itfigure 3.14).
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Figure 3.14: Mean lymphocyte level in rats treated with diff@reconcentrations offeclea
trichocarpa root bark extract.

There was a non-dose related slight MCV increasalitreatment groups between week 2 to 4
with control almost remaining as a constant. Howgetbe level in 100 mg/kg category

experienced a drop from week 1 to 2 followed bisa during week 3 and 4 (Figure 3.15).
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Figure 3.15: Mean corpuscular volume (MCV) level in rats doseth different concentrations
of Teclea trichocarpa root bark extract.

Total neutrophils and mature neutrophils levels da exhibit any appreciable differences
amongst all the groups. Their values fluctuatedvben 22.5 and 34% in all treatment groups.
The percentage of both total and mature neutrophitee control remained a constant (Figure
3.16 and 3.17 respectively). The values were ataohgluring week 1 to 2 in 100 mg/kg
category but there was a slight reduction duringknv@ to 4. In 300 mg/kg group the values fell
steadily throughout the treatment period. In 10Q0kggategory, there was a small increase
followed by a decrease during week 1 to 2 and w&d& 4 respectively. The percentage of
immature neutrophil levels was negligible, zerbatih 300 mg/kg and control categories and 0.2

and 0.1% in 100 and 1000 mg/kg respectively.
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Figure 3.16: Mean total neutrophil level in rats treated wiiffedent concentrations ofeclea
trichocarpa root bark extract.
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Figure 3.17: Mean mature neutrophil level in rats treated wiififerent concentrations dfeclea
trichocarpa root bark extract.
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3.9.4. Clinical chemistry parameters

The effects of theTeclea trichocarpa root bark extract on clinical chemistry parametars

summarized in Table 3.5a, 3.5b and 3.6 below.

Table 3.5a: Effects of dichloromethane-methanol (1:1) extraicTeclea trichocarpa root bark

on the clinical chemistry in rats.

Dosage(mg/kg Total protein level Mean Albumin levels Mean AST levels IU/L
body wt) (g/dL) (mg/dl)
Wk0O Wk2 Wk4 WkO Wk2 Wk4 WKO Wk2 Wk 4
1000 6.8 7.2 7.2 3.1 2.9 3.9 23.6 14.2 7.5
+0.8 +1 +1 +0.2 +02 +02 +12.%31 £55
300 7.3 7.1 7.2 3.5 3.2 4.1 16.2 9.8 4
+12 +06 +11 +02 +01 +02 +73 +33+1.2
100 7.5 7.4 7.2 3.4 2.7 4 9.2 5.6 2
+15 09 +11 +02 +02 +01 +36 +19 1%
Control 6.9 7.2 7.4 3.4 2.7 3.8 13.8 6 12.6
+05 04 07 +01 +03 +02 +35 +27 $65

Table 3.5b: Effects of dichloromethane-methanol (1:1) extraicTeclea trichocarpa root bark

on the clinical chemistry in rats.

Dosage(mg/kg Mean ALT levels ( IU/L) Mean CPK levels ( IU/L) Catnine (g/dl)
body wt)
Wk 0 Wk 2 Wk 4 Wk 0 Wk 2 Wk 4 Wk 0 Wk 2 Wk 4
1000 11.8 4.2 4.8 89.7 23.6 77.4 0.5 0.4 0.5
+6.9 +0.6 +1.0 +17.3 +3.6 +27.6 +0.07 +0.03 +0.08
300 12 9.6 8.5 75.7 22.6 55.4 0.4 0.4 0.4
+4.1 £2.9 +3.1 +135 +7.6 +8.2 +0.03 +0.04 +0.03
100 8.4 6.2 6.5 88.5 19.5 72.3 0.4 0 0.2
+2.7 +1.0 +12.6 +125 +43 7.1 +0.04 +0.04 +0.04
Control 18 6.7 12.6 93 23.4 71.6 0.4 0.4 0.5
+3.4 £27 +3.8 +10 +3.9 +14.7 +0.03 +0.03 043
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Table 3.6: Overall cumulative effect of dichloromethane-meatbla(1:1) extract ofTeclea

trichocarpa root bark on clinical chemistry parameters in rats.

Dosage of

Clinical chemistryrpmeter

extract mg/kg Total protein Albumin AST (iu/L) ALT ()iu/L CPK Creatinine
g/dL g/dL (iu/L) g/dL
1000 7.2 3.4 10.1 4.4 50.5 0.5
300 7.2 3.7 6.9 9.1 78 0.4
100 7.5 3.7 6.9 9.1 78 0.4
Control 7.3 3.3 9.3 9.7 47.5 0.5

During the treatment of laboratory rats with théraet, there was a small dose un-related change

in protein levels during week 0 to week 2. The gitevels for dosage 1000 mg/kg and the

control increased by less than half a unit whetbase for dosage 100 and 300 mg/kg reduced

the same margin. From week 2 to week 4, the ledfefgotein in all treatment groups increase

by a minute value. Overall, the changes in prolevels in all treatment groups and the control

did not change significantly from week to week anaongst the groups (Figure 3.18).
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Figure 3.18: Protein level in rats dosed with different concatibns ofTeclea trichocarpa root
bark extract.

All the dosage levels of the extract and the cdnslbowed similar trends in albumin

concentration that was closely similar to thoseantrol group with values in all groups and the
control fluctuating around 3.5 g/dL from weeks 24tdFigure 3.19). There was therefore no
significant difference in albumin levels betweehthke treatment groups and the control. This
corroborates effects of the extract to the trendheftotal protein levels during the 4 weeks of

treatment.
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Figure 3.19: Albumin level in rats dosed with different concextions of Teclea trichocarpa
root bark extract.

Aspartate aminotranferase (AST) levels droppedddierom week 1 to week 4 but levels in
control group rose again moderately between weeksd24. The drop in AST was dose related,
highest in 1000 mg/kg and lowest in 100 mg/kg baeyght. . There was therefore a significant
difference (p<0.0021) in all treatment groups amgared to the control. The decreasing trend in
AST levels predicted that any continued dosing hef &nimals beyond week 4 could cause

further decrease in the levels of AST (Figure 3.20)
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Figure 3.20: Aspartate aminotransferase level in rats dosel aviferent concentrations of

Teclea trichocarpa root bark extract.

Alanine aminotransferase (ALT) levels also showedeareasing trend as compared to AST
levels. The level of ALT in the control group dezsed in week 1 and 2 then rose gradually
between weeks 2 to 4 similar to AST. ALT levels sk decreasing rate as compared to AST

levels, and unlike in AST, ALT the almost leveledrh week 2 to 4 (Figure 3.21).
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Figure 3.21: Alanine aminotranferase level in rats dosed wiffexent concentrations dfeclea
trichocarpa root bark extract.

The levels of creatinine phosphokinase (CPK) experd a rapid drop from the pre-treatment
level to the levels in week 2, and then a rise @ek?2 to 4. The trend in CPK for all the 3 test
groups was very close at all dose levels and tiralo(Figure 3.22). The drop and rise in the
levels of CPK was quite significant though withimetnormal range which is wide for this

parameter.
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Figure 3.22: Creatine phosphokinase level in rats dosed witlerént concentrations of Teclea
trichocarpa root bark extract

The values of creatinine for the rats in 100 add 81g/kg and categories and in the control were
the same during the first two weeks and remainedanstant but during week 2 to 4, those for
control started rising steadily matching the valteeghe 400 mg/kg during the same period. The
levels for 100 mg/kg dropped steadily whereas tlios@00 mg/kg continued to be in constant
state during the same period. There was an imt@b in the levels of creatinine during the first
two weeks followed by a steady rise up to week #ea@nine levels remained almost constant

throughout the treatment period (Figure 3.23) withi2 to 0.5 g/dl levels.
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Figure 3.23: Creatinine level in rats dosed with different cemitations ofTeclea trichocarpa
root bark extract.

3.9.3.5. Major findings from toxocoty studies

The oral dose of 2000 mg/kg body weight did natseadeath to laboratory rats and there was
an increase in body weight during treatment athiigh oral dose. The data collected on organ
weight was used to calculate the organ weight in@@XVI) for each organ harvested. According

to Society of Toxicologic Pathology (STN), the me&d organs include the liver, heart, kidney,

brain, adrenal glands and the testis. The orgaght/@dices for various organs remained almost
a constant across the various dosage levels atite inontrol groups. The pathological picture

observed during toxicity studies is the best indicaf the harm done to a particular organ by the
chemical. The liver is usually the first casualtyridg oral dosing because all chemicals pass
through it once absorbed from the gut and undenrgt fpass metabolism (Frank and Robert,

2005). The liver enzymes especially the ALT and A&lues were actually declining and no

increases in these parameters were noted. The h@egieal parameters tested did not show

any significant variations associated with toxidiyhaemopoietic organs. The modest variations
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noted in any parameter were well within the norbialogical range since none of the parameter
increased or decreased significantly in relatiothwhe control values at all dosage levels. There
was a small non-dose related increase in the maamdglobin levels and thrombocytes count
with time in all treatment levels and the control.a situation whereby the the haemopoietic
organs are affected by the toxic agents, the bfdodshows an elevated levels of immature
neutrophils and nucleated RBC.

3.9.3.6. Conclusion and recommendation

The results showed that no death in laboratoryaedsirred at an oral dose of 2000 mg/kg body
weight suggesting that the dichloromethane-metharthct ofTeclea trichocarpa root bark is
practically non-toxic after oral dose exposure pneisig that its components were absorbed. The
extract can then be concluded to be safe for osal as a traditional herbal remedy for the
treatment of helminthiasis. This safety margin aom$ the reason why most communities in

Kenya use it as a traditional herbal remedy wittayt harmful effects.

The increase in body weight observed during treatrae the high oral dose confirms the non-
toxicity of the extract. Organ weight is one of tinest sensitive drug toxicity indicators, and it
changes often precede morphological changes. Tga@noweight indices for various organs
remained almost a constant across the various ddseagls and in the control groups. This
implies that the presence of the extract in thenahiand the various oral concentrations used
during the test had little or no impact on the igatar organs. For example, the OWI for the liver
(4.34, 3.75, 3.81 and 3.35) and the adrenal gl@@g, 0.03, 0.03 and 0.03) at the dosage levels
1000, 300, 100 mg/kg and the control group respelgtiremained almost at constant. This fact
suggests that there could not have been any datodbge organAny alterations in liver weight

may suggest treatment-related changes includingatbegllular hypertrophy either due to
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enzyme induction or peroxisome proliferation (Ge\2000). Liver weights may be elevated in
studies of less than 7 days duration for potenategnzyme-inducing compounds. Elevated
heart weight may be the only evidence of myocaradyglertrophy that is often macroscopically
and microscopically difficult to recognize. Changekidney weight may reflect renal toxicity,
tubular hypertrophy or chronic progressive nephttopé&Greaves, 2000). It has been noted that 7
% of nephrotoxic conditions are related to medaratioxicities because kidneys are routinely
exposed to high concentrations of medications diahwdites because their intrinsic function is
to metabolize, concentrate and excrete compounde &Bd Nzerue, 2002). The OWI values of
the kidney in this study (0.57 to 0.61) are tocseldo warrant any fear of nephrotoxicity. The
histopathology of the kidney during acute testimgl ahe gross pathology at all dosage levels
during sub-acute toxicity testing showed no sightricity. Variations in adrenal gland weight
which may indicate hypertrophy, hyperplasia, oojpltty of the organ associated with stress,

endocrinopathies, or test article effects (Grea2860), did not occur in this study.

Histopathological studies showed that the extrad ho harmful effects on the wall of the
gastrointestinal tract. Herbal remedies taken wpralve been associated with gastrointestinal
disturbances. The 1:1 mixture of methanol and drdrhethane extract dffeclea trichocarpa

did not induce any notable side effects during battute and sub-acute toxicity testing.
Pathological picture observed during toxicity sagdis the best indicator of the harm done to a
particular organ by the chemical. The liver is dlsuhe first casualty during oral dosing because
all chemicals pass through it once absorbed froengit and undergo first pass metabolism
(Frank and Robert, 2005). The importance of ingesitng the effects of new drugs in the liver
cannot be over-emphasized because majority of dtigfs cause hepatic injury during pre-

clinical studies do not progress to clinical triads are developed with substantial patient
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monitoring (Boone et al., 2005). Alanine aminotransferase (ALT) and Asgar
aminotranferase (AST) are the markers of liver fiomcand are only released from cytosol and
sub-cellular organelles during cell injury. Alanirsminotransferase is more hepatocellular
specific whereas creatinine is an indicator of neusgasting. Alanine aminotransferase is a
critical parameter for identification of potentidtug-induced injury in both pre-clinical studies
and human patients (Booreal., 2005 and Salawet al., 2010). It is apparent from the results
that the ALT and AST values were actually declinargl no increases in these parameters were
noted. The decrease in enzymatic parameter wagpaoed. It is traced to the fact that during
the assays, freeze thawing of the sample was aeeasiby workload exigencies. Notably, the

non-enzymatic parameters, proteins, albumin aratioiee remained unchanged.

All organs that were sectioned and prepared shomeedesions when observed under the
microscope. The 28 days oral toxicity test of tkeraet therefore had no effects on the cellular
integrity of these organs. The fact that the nonyare parameters analyzed namely creatinine,
protein and albumin was within normal limits corooltes the absence of pathological lesions
observed grossly and microscopically. The haemgicdd parameters tested did not show any
significant variations associated with toxicity h@aemopoietic organs. The modest variations
noted in any parameter were well within the norbialogical range since none of the parameter
increased or decreased significantly in relatiothwhe control values at all dosage levels. There
was a small non-dose related increase in the maamdglobin levels and thrombocytes count
with time in all treatment levels and the contrdol.a situation whereby the the haemopoietic
organs are affected by the toxic agents, the bfdodshows an elevated levels of immature

neutrophils and nucleated RBC. Absence of suchemghenal corroborates the fact that the

extract was not toxic the rats.
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CHAPTER FOUR: GENERAL DISCUSSION AND CONCLUSIONS

Lack of Pharmacological and toxicological knowledweherbal medicine has direct limitation
on the usage of these products. Man in his eftorfintd an alternative remedy has turned to
indiscriminate use of herbs without paying attemtio their possible toxicity levels. This is
usually encouraged by the belief that ‘naturaBysonymous to ‘harmlessness’ (Bandaranayake,
2006). The World Health Assembly in resolution WA 33 of 1978, WHA 40.33 of 1987 and
WHA 42.43 of 1989 has emphasized the need to ertbarguality of medicinal plant product
and in their resolutions they describe a serietests for assessing the quality of such products

(Bandaranayake, 2006).

Prudent use of rodents in toxicity studies is newended in various guidelines (OECD, 1998,
2001 & 2008). A study carried out on the concord@ant the effects of pharmaceuticals in
human and experimental animals showed the trugiy®$iuman toxicity concordance rate of 71
% for rodent and non-rodent species. With non-rtsl@ione, concordance rate was predictive
for 63 % of human toxicities and rodents alone 48r %. The highest incidence of overall
concordance was seen in hematological, gastroimésand cardiovascular human toxicities,
and the least was seen in cutaneous human toXx@Iisonet al., 2000). The parameters from

these body systems were targeted during this study.

Brine shrimp lethality test is highly recommendetduse it is a convenient preliminary toxicity
test since brine shrimp is highly sensitive to savehemical substances. Hence timsvitro
assay method is considered a useful tool for preéiny toxicity assessment of plant extracts

(Lachumyet al., 2010). Compounds that are bioactive are ofteiictto Artemia salina, the
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shrimp larvae, and therefore brine shrimp lethakst is used to monitor lethality of different
chemicals to shrimp larvae. It has also been nittatArtemia salina toxicity test results have a
correlation with rodent and human acute toxicityad@Arslanyolu and Erdemgil, 2006). The
dichloromethane-methanol (1:1) extracts of 5 pldotsstituting of 14 plant parts) that are used
as traditional medicines in Kenya were evaluatedofine shrimp lethality. Literature indicates
that extracts showingLC 5o < 1000 pg/ml during BSL test are considered biaally active
(Meyer et al., 1982). Therefore, 12 out of the l@nppart extracts that were used during this
study cytotoxic. The results obtained from the gtudlicated tha®lbizia gummifera pods and
Clotaralia axillaris twig extracts were practically non-toxic (with §£>1000 pug/ml). Teclea
trichocarpa root wood (LGo >500 pug /ml) was non-toxic whiléAlbizia gummifera root bark,
Manilkara discolor root bark and stem bark afi@clea trichocarpa stem bark, root and twigs
(LCsp >100 < 50Qug /ml) had very low toxicityTeclea trichocarpa root bark andzanthoxylum
usambarense stem bark extracts (Lsg results between 30 and 106/ml) were mildly toxic to
the shrimps. Extracts frolbizia gummifera root & stem bark an@anthoxylum usambarense

root bark were moderately toxic with k&< 30 ug/ml.

The incorporation of BSL test during this study giified the work in that it was possible to zero
on the most active extracts and the carry out gangive work on it and thus aided in saving

resources.

The fact that an oral dose of 2000 mg/kg body wedjd not cause death to laboratory rat
suggest that the dichloromethane-methanol extfacedea trichocarpa root bark is practically
non-toxic after oral dose exposure presuming tisatomponents were absorbed. The extract can

then be concluded to be safe for oral use as d#@itnaal herbal remedy for the treatment of
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helminthiasis. This safety margin confirms the ogag/hy most communities in Kenya use it as

a traditional herbal remedy without any harmfukets.

The increase in body weight observed during treatrae the high oral dose confirms the non-
toxicity of the extract. Organ weight is one of tmest sensitive drug toxicity indicators, and it
changes often precede morphological changes. Ttaecd#lected on organ weight was used to
calculate the OWI for each organ harvested. Acogrdo Society of Toxicologic Pathology

(STN), the preferred organs include the liver, hddadney, brain, adrenal glands and the testis.
The organ weight indices for various organs renthiabnost a constant across the various

dosage levels and in the control groups.

This implies that the presence of the extract i dhimal and the various oral concentrations
used during the test had little or no impact ongdicular organs. For example, the OWI for the
liver (4.34, 3.75, 3.81 and 3.35) and the adretaids (0.04, 0.03, 0.03 and 0.03) at the dosage
levels 1000, 300, 100 mg/kg and the control groegpectively remained almost at constant.
This fact suggests that there could not have begndamage to the orgaAny alterations in
liver weight may suggest treatment-related chamgelsding hepatocellular hypertrophy either
due to enzyme induction or peroxisome proliferat{@reaves, 2000). Liver weights may be
elevated in studies of less than 7 days duratiopdtent hepatic enzyme-inducing compounds.
Elevated heart weight may be the only evidence gbaardial hypertrophy that is often
macroscopically and microscopically difficult tocognize. Changes in kidney weight may
reflect renal toxicity, tubular hypertrophy or chio progressive nephropathy (Greaves, 2000). It
has been noted that 7 % of nephrotoxic conditiorsrelated to medication toxicities because

kidneys are routinely exposed to high concentratiminmedications or metabolites because their

76



intrinsic function is to metabolize, concentratel @axcrete compounds (Guo and Nzerue, 2002).
The OWI values of the kidney in this study (0.570t61) are too close to warrant any fear of
nephrotoxicity. The histopathology of the kidneyidg acute testing and the gross pathology at
all dosage levels during sub-acute toxicity testsmgwed no signs of toxicity. Variations in
adrenal gland weight which may indicate hypertrophyperplasia, or atrophy of the organ
associated with stress, endocrinopathies, or tésteaeffects (Greaves, 2000), did not occur in

this study.

The histopathological studies showed that the ektrad no harmful effects on the wall of the
gastrointestinal tract. Herbal remedies taken prallve been associated with gastrointestinal
disturbances. Some herbs such@Gasko biloba and Oenothera biennis (Yoganandumet al.,
2010) have been linked to adverse effects suchaasitys and diarrhea. The 1:1 mixture of
methanol and dichloromethane extractTetlea trichocarpa did not induce any notable side

effects during both acute and sub-acute toxicying.

The pathological picture observed during toxicitydses is the best indicator of the harm done to
a particular organ by the chemical. The liver isially the first casualty during oral dosing
because all chemicals pass through it once absdifoed the gut and undergo first pass
metabolism (Frank and Robert, 2005). The importarfdavestigating the effects of new drugs
in the liver cannot be over-emphasized becauserityag drugs that cause hepatic injury during
pre-clinical studies do not progress to clinicahls or are developed with substantial patient
monitoring (Boone et al., 2005). Alanine aminotransferase (ALT) and Asguar
aminotranferase (AST) are the markers of liver fiomcand are only released from cytosol and

sub-cellular organelles during cell injury. Alanireninotransferase is more hepatocellular
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specific whereas creatinine is an indicator of neusgasting. Alanine aminotransferase is a
critical parameter for identification of potentidtug-induced injury in both pre-clinical studies
and human patients (Booreal., 2005 and Salawet al., 2010). It is apparent from the results
that the ALT and AST values were actually declinargl no increases in these parameters were
noted. The decrease in enzymatic parameter wagpaoed. It is traced to the fact that during
the assays, freeze thawing of the sample was aeeasiby workload exigencies. Notably, the

non-enzymatic parameters, proteins, albumin anatioiee remained unchanged.

All organs that were sectioned and prepared shomeedesions when observed under the
microscope. The 28 days oral toxicity test of tReaet therefore had no effects on the cellular
integrity of these organs. The fact that the nonyare parameters analyzed namely creatinine,
protein and albumin was within normal limits corooltes the absence of pathological lesions
observed grossly and microscopically. The haemgicdd parameters tested did not show any
significant variations associated with toxicity h@aemopoietic organs. The modest variations
noted in any parameter were well within the norbialogical range since none of the parameter
increased or decreased significantly in relatiothwhe control values at all dosage levels. There
was a small non-dose related increase in the maamdglobin levels and thrombocytes count
with time in all treatment levels and the control.a situation whereby the the haemopoietic
organs are affected by the toxic agents, the bfdodshows an elevated levels of immature

neutrophils and nucleated RBC. Absence of suchemghenal corroborates the fact that the

extract was not toxic the rats.

The brine shrimp lethality test confirmed that théract has cytotoxic effects. During the acute

and sub-acute toxicity testing of the dichloromath@aethanol (1:1) extract oTeclea
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trichocarpa root bark on rats, it was noted that the extradtrobt affect feed and water intake
and had minimal effect on the overall body metaoliof rats as indicated by almost normal
increase in weight in all treatment groups. Theaetts acute oral dosage that can cause 50 %
death of animals is well above 2000 mg/kg per bagyght of rats and less than 5000 mg/kg
body weight as confirmed during oral acute testifige extract did not induce any pathological
changes in tissue cells during the 28 days dositig wp to 2000 mg/kg of the extract daily for
28 days. The extract may therefore be considerdd wdnen used orally, but further

investigations are required to know it's effectasked via other routes.
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RECOMMENDATION FOR FURTHER RESEARCH

Whereas death of laboratory rats that were adreiradtintraperitoneal dose of 300 and 2000
mg/kg body weight occurred within minutes, no lesiovere observed in any organ tested.
Indeed, lower dosage of 50 mg/kg repeated dailgai@s) until a dose of 300 mg was achieved
did not cause death or produce any overt lesiop.fabt that deaths occurred after high dose of
the extract (300 and 2000 mg/kg) were administargdperitoneally suggests that some of the
chemicals from the extract may not have been aksodgross the intestines and this warrants
further investigation. There is therefore need hwestigate effects via other routes of
administration. Further work is also recommended isolation and characterization of
responsible phytochemicals followed by anthelmintieoactivity profiling of isolated
compounds.There is also need to carry out the itgxiest of the individual phytochemicals

found inTeclea trichocarpa extracts. .
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APPENDICES
APPENDIX 1

The percentage yields of various plant parts etdrabtained from dichloromethane-methanol

(1:1) extract

Plants Family Plants parts % Yield
Albizia gummifera Fabiaceae Pods 9.9
Roots 0.73
Root barks 1.8
Stem barks 2.9
Crotalaria auxillaris Leguminoceae Twigs 0.2
Manilakara discolor Sapotaceae Root barks 3.8
Stem barks 11.3
Teclea Rutaceaea Roots 3.5
trichocapa Stem barks 6.9
Twigs 15
Root barks 7.9
Root wood
Zanthoxylum usambarense Rutaceae Stem barks 4.3
Root barks 7.9
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APPENDIX 2: OECD guidelines for testing of chemicad (2001) No. 423, with a starting dose of 2000 mg/kody weight.

4

2000mg/kg
3 animals

5mg/kg
3 animals

50mg/kg
3 animals

300mg/kg
3 animals

300mg/kg
3 animals

Category 5

2000-5000
v
3(at 50) other 3(at 300) other 3 2 1 0
at I step At 1% step
\ 4 \ 4 \ 4 \ 4 \ 4
5 25 30 50 200 300 500 1000 2000 2500 5000 00

Per step three animals of single sex (normally fes)are used
0,2,3:numbers of moribund or dead animals at stefh
GHS: Globally Harmonized classification Sem (ma/ka b.w.

Unclassified
Testing at 5000 mg/kg b.w
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APPENDIX 3: OECD guidelines for testing of chemicals (2001) No. 42&jth a starting dose of 300 mg/kg body weight.

5mg/kg
3 animals

50mg/kg
3 animals

300mg/kg

3 animals

300mg/kg
animals

A 4

2000mg/kg
3 animals

|
Category 4 Category 5
00-2000 000-5000
v v
3(at 50) other 3(at 300) other 3 2 0
at I step At 1% step
\ 4 \ 4 \ 4 \ 4
5 25 30 50 200 300 500 1000 2000 2500 5000 00
Per step three animals of single sex (normally feg)are used Unclassified

0,2,3:numbers of moribund or dead animals at stagh
GHS: Globally Harmonized classification System f{kgdo.w.)
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APPENDIX 4: oeCD guidelines for testing of chemicals (2001) No. 42®&jth a starting dose of 50 mg/kg body weight.

5mg/kg
3 animals

50mg/kg
3 animals

300mg/kg
3 animals

2000mg/kg
3 animals

A 4

3 animals

5mg/kg 50mg/kg 300mg/kg
animals 3 animals animals

v g v v
3(at 50) other N Y 1 0
at I step 3(at 2000) 2(at 2000)
at I step at ' step
\ 4 \ 4 l \ 4 \ 4 \ 4
30C 50( 100( 200( 250( 500( (0]0
Per step three animals of single sex (normally feg)are used —
0,2,3:numbers of moribund or dead animals at stegh Unclassified

GHS: Globally Harmonized classification System (kagh.w.) Testing at 5000 mg/kg b.w
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