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Abstract 
Seeds of Glinus lotoides, Linne (Molluginocea) and flowers of Hagenia abyssinica Gmel, 

(Rosaceae) are used traditionally in the treatement of tapeworm infestion in Ethiopia. Previous 

studies on anthelmintic activities of both plants have confirmed their traditional claims. However, 

their detailed toxicities were not yet conducted.  In these studies, single and repeated dose oral 

toxicity studies in rats were conducted using methanolic extracts of seeds of Glinus lotoides and 

aqueous extracts flowers of Hagenia abyssinica.  

 

Doses of 0, 1000 and 5000 mg/kg of crude extract of Glinus lotoides were employed in single 

dose toxicity study while doses of 0. 250, 500, and 1000 mg/kg were used in repeated dose 

toxicity studies. In the single dose toxicity test, oral administration of 5000 mg/kg of Glinus 

lotoides produced mortality in two females and one male on day 4. No significant differences in 

body and organ weight between controls and treated animals were observed in survived animals 

at both dose levels. Therefore LD50 of the extract might be greater than or equal to 5000 mg/kg. 

Moreover, both gross and microscopic examinations of organs did not show detectable 

differences between controls and treated animals of both sexes. In repeated dose toxicity studies, 

no mortality was observed when these varying doses of the extracts were administered per day for 

a period of 28 days. There were no significant differences in the body weight, absolute and 

relative organ weights between controls and treated animals of both sexes. Hematological 

analysis showed no differences in most parameters examined. In the clinical chemistry analysis, 

no significant change occurred. Pathologically, neither gross abnormalities nor 

histopathological changes were observed. Therefore, the NOEL could be greater than or equal to 

1000 mg/kg in rats and none of the organs are considered target during both single and repeated 

studies.  

    

The aqueous flower extracts of Hagenia abyssinica was tested for its single and repeated dose 

toxic effect on rats of both sex. Studies at 5000 mg/kg (limit test) and at three dose levels (500, 

1000, and 2000 mg/kg) for the main study were conducted orally on 5 rats per sex per dose with 

concurrent control receiving distilled water in single dose study. No toxic sings were noted at all 

dose levels and there were no significant differences in mean body weights of the treated group 

compared to control. Therefore, LD50 of the extract is greater than 5000 mg/kg. In repeated dose 

studies, three doses of the extract (350, 750, and 1500 mg/kg) were administered orally to 5 rats 

per dose per sex for 28 days and various toxicologic indices tested.  Cage side observation, body 

weight, biochemical and morphologic pathology observation did not show significant differences 

across the group. Therefore, none of the organs have shown to be the target; Hagenia abyssinica 

is safe in rats at all doses studied and the NOEL could be greater than or equal to 1500 mg/kg in 

rats.  

 

Keywords: Glinus lotoides, Hagenia abyssinica, Mettere, Kosso, LD50, NOEL, single dose 

                   toxicity, repeated dose toxicity  
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1. Introduction  

1.1. Traditional Herbal Medicine 

1.1.1. Historical Overview 

Plants have played a central role in the prevention and treatment of disease since prehistoric 

times. Medicinal herbs were found in the personal effects of an “ice man,” whose body was 

frozen in the Swiss Alps for more than 5000 years. Since these herbs appear to have treated the 

parasites found in his intestine, “the desire to take medicines” may signify a timeless quest for 

cure that flavors today in the form of widely acclaimed new drugs (Goldman, 2001). 

 

In all countries of the world there exists traditional knowledge related to the health of humans and 

animals. The Traditional Medicine Programme of World health Organization (WHO) on its 

Primary Health Care Declaration of Alma Ata (1978) defined traditional medicine as: “the sum 

total of all the knowledge and practices, whether explicable or not, used in diagnosis, prevention 

and elimination of physical, mental or social imbalance and relying exclusively on practical 

experience and observation handed down from generation to generation, whether verbally or in 

writing.” Every region has had, at one time in its history, a form of traditional medicine. We can 

therefore talk of Chinese traditional medicine, Arabic traditional medicine, or African traditional 

medicine, etc. This medicine is traditional because it is deeply rooted in a specific socio-cultural 

context, which varies from one community to another. 

 

Traditional medicinal techniques in China uniquely involve herbal medicine, acupuncture, and 

moxa counterirritants. According to a legend, Shen Nong, lived about 2000 B.C., and considered 

by many as the father of Chinese medicine, was responsible for compiling the first 365 great 

herbal drugs and their properties. Today, traditional Chinese medicine (TCM) is being integrated 

to varying degree with conventional medicine, each playing an important role in the Chinese 

health care system (Zhou and Baker, 2002). There has been a recent resurgence in the use of 

Kampo traditional medicine in Japan, a system long based on tradition of TCM (Okada, 1996). 

 

 In India, ancient practices known as Ayurvedic (Hindus) and Unani (Muslim) medicines do not 

receive the same treatment in relation to conventional medicine as they do in China. By and large, 
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conventionally trained physicians ignore the practices and teaching of those in traditional 

medicines, which are nevertheless preferred by the population as a whole (Sivarajan and 

Balachandran, 1994). 

Although Egyptian medicine dates from at least 3000 B.C., the best known and most important 

pharmaceutical record is the Papyrus Ebers of 1550 B.C. Papyrus Ebers consists of recipes 

against various diseases and symptoms, and of those medicines used, an imposing quantity 

mentioned were taken from plants, animals, and minerals. Ricinus communis (castor oil) seeds, 

Euphorbiaceae, Citrullus cococynthis (colocynth, bitter apple), Cucurbitaceae, and Senna 

alexandrina (senna), Fabaceae were used as cathartics; Punica granatum (pomegranate) roots, 

Punicaceae were taken against intestinal worms, and tannin-containing plants were used as 

astringents. The best evidence of the quality of ancient Egyptian remedies is that many have 

survived for millennia-directly to the writings of the great first-century A.D. Greek physician and 

pharmacologist, Dioscorides, and from him to the twenty-first century. Writers of Greeks, such as 

Hippocrates (460-377 B.C.) and Galen (A.D. 131-200) are also reminiscent of parts of the 

Papyrus Ebers. Thus, we see that Greek medicine is by no means original, but has taken over 

very much from Egyptian medicine and can only be looked upon as a further development of the 

latter. Egyptian-Greecian medicine was kept alive by Avicenna (Ibn Sina), a tenth- to eleventh-

century Persian pharmacist and physician. He wrote in Arabic, his definitive medical work, 

Canon Medicinae, regarded as the final codification of all Egyptian-Greecian-Arabic medicine 

(Bender and Thom, 1966; Talalay, 2001).    

 

In Africa, traditional medicine practice is also as old as their history. Still African traditional 

healers and remedies made from plants play an important role in the health care of millions of 

people. In Ethiopia, the antiquity of traditional medicine could not be established with certainty 

due to lack of adequate historical sources. However, it is mentioned that traditional medicine has 

long been practiced in Ethiopia (Pankhurst, 1965). It is not unusual for Ethiopians to treat some 

common ailments using plants available around them (e.g. Hagenia abyssinica (Bruce) JF Gmel 

to expel tapeworm) (Mirutse, 2001). Fresh and dried leaves, flowers, roots, bark, seeds, etc of 

traditional plants are displayed in most markets in Ethiopia along with spices such as pepper, 

cardamon, ginger, etc. Some of the common usages of the medicinal plants sold in markets 

include fumigation, vermifuge, pain relief, treating skin infection etc (Dagne, 1996). The wide 
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use of traditional drugs by the Ethiopian population can be appreciated from the fact that an 

estimated six million people take the local Kosso (Hagenia abyssinica) three times a year 

(Pankhurst, 1968 and 1979) in the treatment of taeniasis (one of the helminthic infestation and the 

most common disease in Ethiopia) (Pankhurst, 1965; Tesfa-Yohannes, 1983; and Tesfa-Yohannes 

and Ayele, 1983; Tedla 1985). 

 

Natural products and their derivatives have historically been invaluable as a source of therapeutic 

agents. Drugs such as aspirin, digitalis, morphine, and quinine were all originally isolated or 

synthesized from material derived from plants. Thus, knowledge gained from the use of medicinal 

herbs and their active ingredients serves as the foundation for much of modern pharmaceuticals 

(Matthews et al, 1999). Despite this success, pharmaceutical research into natural products has 

experienced a slow decline during the past two decades. The decreased emphasis in the 

pharmaceutical industry on the discovery of natural products can be attributed to several factors, 

including: 

• The introduction of high-throughput screening against defined molecular targets, which 

            prompted many companies to move from natural-product extract  libraries towards ‘screen  

            friendly’ synthetic chemical libraries;     

• The development of combinatory chemistry, which at first offered the prospect of  

            simpler, more drug-like screening libraries of wide chemical diversity; and 

• Advances in molecular biology, cellular biology and genomics, which increased the 

number of molecular targets and prompted shorter drug discovery timelines.  

 

Even though relegated for a long time to marginal place in health planning, especially of 

developing countries, traditional medicine has undergone a major revival recently. Emerging 

trends, coupled with unrealized expectations from current research and development strategies, 

are prompting a renewed interest in natural products as a source of chemical diversity and lead 

generation. Technological advances, in particular, crucial breakthrough in separation and 

structural-determination technologies, answered the factors addressed above that leads to 

decreased interest of pharmaceutical research in to natural products in the past two decades. Of 

the 877 small-molecule New Chemical Entities (NCEs) introduced between 1981 and 2002, 
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approximately 49% were natural products, semi-synthetic natural product analogues or synthetic 

compound based on natural product pharmacophores (Koehn and Carter, 2005).  

 1.1.2. Advantages of Traditional Medicine 

Nature has been a source of medicinal agents for thousands of years, and an impressive number of 

drugs have been isolated from natural sources, many based on their use in traditional medicine 

(Cragg and Newman, 2001). In the current practice of drug discovery, an herb or herbal 

prescription is targeted from folk or clinical experiences. A major portion of the world’s 

population depends almost exclusively on herbal products and other alternative methods as the 

primary defense against or treatment for disease and various organic disorders (Fransworth et al, 

1985). Further many botanical products continue to be used today in a manner very similar to that 

used for thousands of years.  

In 1978, WHO officially launched an international program to promote traditional medicines, 

which included the promotion and development of basic and applied research in traditional 

medicine (WHO, 1978). Hence, over the past decades, herbal medicine has become a topic of 

increasing global importance, having repercussions on both world health and international trade. 

Recognition of the medical and economic benefits of plant-based medicines is growing in both 

developing and industrialized countries, although it varies from country to country (WHO, 1998). 

 

In terms of world health, herbal medicines continue to play a central role in the health care 

systems of large proportions of world’s population (Akerele, 1988). This is particularly true in 

developing countries, where traditional systems of medicine have a long history of use and part of 

indigenous culture. These countries rely on traditional medicine, not only because of economics, 

but also because of the time-tested and age-old benefits that the people derive from it. Ethiopia is, 

of course, no exception to this situation (Abebe, 1996). In western world, the use of herbal 

medicines is steadily growing with approximately 40% of population reporting use of herbs to 

treat medical illness within the past year (Bent and Ko, 2004). Public, academic and government 

interest in traditional medicines is growing exponentially due to the increased incidence of the 

adverse drug reactions and economic burden of the modern system of medicine (Dubey, 2004).     

In general, the following can be considered as advantages of traditional medicine: (1) it is cheaper 

than modern medicine, (2) it is more accessible to most of the population, (3) it has a wider 

acceptability among the population, and (4) it is a potential source of new drugs. 
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1.1.3. Limitation of Traditional Medicine 

The perception that botanical products used as folk remedies are inherently safe is based on 

traditional use rather than on systemic studies designed to detect adverse effects. Contrary to 

popular belief, the use of herbal remedies can pose serious health risks. Plants produce secondary 

metabolites as defense against animals, parasites, bacteria, and viruses, and so rely on these 

chemical for their survival. They do indeed produce them ‘for their own purpose and not for ours’ 

(Robber and Huxtable, 1992). Thus, such plant products may be harmful to humans.  Besides the 

direct risks of adverse effect (Table 1), there is an indirect risk that a herbal remedy without 

demonstrated efficacy may compromise, delay, or replace an effective form of conventional 

treatment and interaction with conventional drugs. Thus, the historical role of medicinal herbs in 

the treatment and prevention of disease and their role as catalyst in the development of 

pharmacology do not assure their safety for uncontrolled use by an uninformed public (Matthews 

et al., 1999). To date, one of the most severe examples of the potential for harm associated with 

herbal medications is that of the development of renal failure and urothelial carcinoma in 

individuals who used the Chinese herb Aristolochia fangchi (Nortier et al, 2000; Lord et al, 

2001). There are numerous examples of potential side effects associated with the more commonly 

used herbal and other types of complementary and alternative medicine (CAM) medications. In 

addition, new toxic effects of a variety of herbal preparations continue to be reported. For 

example, kava, a widely touted natural sleep medication, has been associated with severe hepatic 

dysfunction, leading to at least one case to hepatic failure and the requirement for a liver 

transplant (Grossman, 2002). 

 

Moreover, medicinal herbs are not without therapeutic effect, like other pharmaceuticals they will 

be toxic at some dose. This is not surprising, since botanicals are complex mixtures of chemicals, 

described by Robbers and Tyler (1999) as “crude drugs of vegetable origin,” many of which are 

potentially toxic. Advocates of herbal remedies often present longstanding experience in 

traditional medicine as evidence of their safety, but this type of evidence has considerable 

limitations. It is easy to determine which botanicals contain substances that are so toxic that they 

have acute adverse effects in a large fraction of users. It is more difficult, however, to recognize 
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adverse effects that develop over time (e.g., hypokalemia from anthranoid laxatives), occur 

infrequently, or are readily ascribed to an underlying disease (e.g., hepatitis from the bile-duct 

remedy celandine (Benninger et al., 1999)).  If an herb caused an adverse reaction in 1 in 1000 

users, a traditional healer would have to treat 4800 patients with the herb (i.e., 1 new patient every 

single working day for more than 18 years) to have a 95% chance of observing the reaction in 

more than 1 user (De Smet, 1995); showing how obscure to observe the risk on acutely taking 

large number of population.  

Table 1 Potential Adverse Effects of Herbal Remedies and Their Major Constituents 

(De Smet, 2002)  

Cardiotoxic Neurotoxic or convulsants 

Aconite root tuber Aconite root tuber 

Herbs reach in cardiotonic glycosides Alocasia macrorrhiza root tuber 

Herbs reach in colchicines Artemsia speicies rich in santonin 

Leigongteng Essential oils rich in ascaridole 

Licoric root Essential oil rich in thujone 

Mahuang Ginkgo seed or leaf 

Pokeweed leaf or root Herbs rich in colchicinee 

Scotch broom Herbs rich in podophyllotoxin 

Squirting cucumber Indian tobacco herb 

Hepatotoxic  Kava rhizome 

Certain herbs rich in anthranoids Mahuang 

Certain herbs rich in protoberberine alkaloids  Nux vomica 

Chaparral leaf or stem Pennyloya oill 

Germander species Star fruit 

Green-tea leaf Yellow Jessamine rhizome 

Herbs rich in coumarin Nephrotoxic 

Herbs rich in podophyllotoxin β- Aescin (saponin mixture from horse-

chestnut seed 

Herbs rich in toxic pyrrolizidine alkaloids Cape aloes 

Impila root Cat’s claw 

Kava rhizome Certain essential oils 

Kombucha Chaparral leaf or stem 

Mahuang Chinese yew 

Pennyroyal Herbs rich in aristolochic acids 
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Skullcap Impila root 

Soy phytoestrogens Jering fruit 

 Pennyloyal oil 

Embryotoxic, fetotoxic, and carcinogenic effects of herbal remedies are also likely to remain 

unrecognized in traditional settings. For example, although aristolochia plants have been used for 

centuries, their capacity to induce urothelial carcinoma by DNA-adduct formation has only 

recently become clear (Nortier et al., 2000). Moreover, herbs that are apparently safe under 

normal conditions may be more hazardious in specific patients, under special circumstance (e.g., 

during the perioperative period) or when combined with conventional drugs (Ang-Lee et al, 

2001). 

Some of the factors that influence efforts to ensure safety of botanical products are (Marcus and 

Grollman, 2002):  

• Lack of standardization: since consistency in composition and biologic activity are 

essential requirements for the safe and effective use of therapeutic agents. However, 

botanical preparations rarely meet this standard, as a result of problems in identifying 

plants, genetic variability, variable growing conditions, differences in harvesting 

procedures and processing of extracts, and above all the lack of information about active 

pharmacologic principles.  

• Adulterations of botanical preparation, i.e., many of herbal products contain undisclosed 

prescription or over-the-counter drugs and heavy metals.  

• Lack of reporting of adverse events: although some adverse reactions to botanical 

medicines are acute and symptomatic, others, such as renal failure and cancer, have a 

delayed and gradual onset. Furthermore, the relation of the prior consumption and an 

herbal remedy to a medical problem with delayed onset may not be readily apparent.  

 

Until recently, the safety of herbal preparation was considered in medical journals only when 

toxicity was detected from a contaminated herbal product, usually because of careless or 

unscrupulous manufacturing practice. True herbal toxicity, on the other hand, is almost certainly 

underreported. Users of herbal remedies are generally convinced of their safety and are therefore 

biased against reporting an adverse clinical event of possible herbal origin. The safety of herbal 

medicinal products is of particular importance as the majorities of these products are self-

prescribed and are used to treat minor and often chronic conditions. Recent research highlights 
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the fact that patients are reluctant to tell their doctors that they are taking herbal products and thus 

it is probably that adverse reactions to herbal products are under-reported (Barnes et al., 1998).  

Furthermore, physicians are often unaware of the herbs their patients are taking, either because 

they do not ask about them or the patient does not tell them (Eisenberg, 1998). Foster (2000) 

reported that more than half of the herbs taken by the patients in USA are not disclosed to their 

physicians.  

Hence, as with all form of self-treatment, the use of herbal medicinal products presents a potential 

risk to human health (De Smet, 2002). Uncovering adverse reactions to herbs, however, is more 

challenging than uncovering adverse reactions to drugs. First, for herbs, there is no equivalent to 

prescription records, which document exposure to drugs and therefore permit associations to be 

made with late clinical events (Jick et al., 1998). In addition, such associations become directly 

meaningful because standardization of drugs by the United State Pharmacopoeia (USP) and US 

Food and Drug Administration (FDA) links the drugs by names to its pharmacologic effects but 

comparable associations for herbs are hampered by product variations such as those just described 

above. 

In general, the safety concerns of herbal medicines fall into 5 main categories: 

1. Self-administration of any therapy in preference to conventional treatment may delay a 

patient seeking qualified advice, or cause a patient to abandon conventional treatment 

without first seeking appropriate advice, 

2. The patient may be exposed to potentially toxic substances present naturally in the herbal 

ingredients (i.e. intrinsically toxic constituents); 

3. The patient may be at risk of toxicity as a result of exposure to contaminants present in the 

herbal product (i.e. quality related safety issues); 

4. Herbal medicinal products may in some cases compromise the efficiency of conventional 

medicines for example through herbal-drug interaction; 

5. Specific patient groups may be at risk e.g. pregnant or nursing mothers, children, and the 

elderly etc 
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1.2. Nonclinical Toxicity Studies 

The need for careful testing of new drugs in animal models before study in humans has been 

recognized by the physicians since the First World War and then widely accepted by physicians 

in the year between the First and Second World War. However, it was not until at least 76 people 

died from poisoning with an elixir of sulphanilamide containing 72% diethylene glycol that this 

need was legislated in the United States (Greaves et al, 2004). 

  

Toxicology is a critical part of both early- and late-phase drug developments. The development of 

a pharmaceutical is a stepwise process involving an evaluation of both the animal and human 

safety information. The goals of the nonclinical safety evaluation include a characterization of 

toxic effects with respect to target organs, dose dependence, relationship to exposure, and 

potential reversibility. This information is important for the estimation of an initial safe starting 

dose for the human trails and the identification of parameters for clinical monitoring for potential 

adverse effects (Graham-Smith, 1982).  The nonclinical safety studies, although limited at the 

beginning of clinical development, should be adequate to characterize potential toxic effects 

under the conditions of the supposed clinical trial (Dayan, 1981). A general approach to 

developing a toxicity profile for a pharmaceutical agent is given in Figure 1 and 2.  

    

Provided the efficacy pharmacology and initial toxicology profiles are acceptable, clinical safety, 

pharmacokinetics, and pharmacodynamic studies are initiated. A well thought out preclinical 

pharmacology/toxicology program is critical for the long-term effectiveness of a drug 

development effort. Because it helps drug developers avoid clinical trails that are destined to fail, 

it can be a major tool for reducing drug development costs (International conference on 

harmaonization guidance (ICH): M3, 1997).   

Regulators throughout the world have recognized that resources could be used more efficiently, 

and efficacious and safe drugs could be made available more rapidly, if guidelines for nonclinical 

testing and registration were comparable across countries. ICH has developed a comprehensive 

set of safety guidelines to harmonize the regulatory requirement of the European Union (EU), 

United States, and Japan. The ICH Expert Working Groups (EWGs) have considered appropriate 



 10 

 

guidelines for all of various types of toxicity tests, including acute and subchronic testing, chronic 

and carcinogenicity testing, reproduction and developmental toxicity studies, and mutagenicity 

testing (Michael, 2001). 

 

 
 

 

 

Fig. 1 A prototypical pharmaceutical testing funnels 
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Fig. 2 General approach to developing a toxicity profile for pharmaceutical agents 

 

1.2.1. Types of toxicological Studies 

The nonclinical safety study recommendations for the marketing approval of a pharmaceutical 

usually include single and repeated dose toxicity studies, reproduction toxicity studies, 

genotoxicity studies, local tolerance studies and for drugs that have special cause for concern or 

intended for a long duration of use, an assessment of carcinogenic potential. Other nonclinical 

studies include pharmacology studies for safety assessment (safety pharmacology) and 

pharmacokinetic (ADME) studies (Jackobson-Kram, 2003). Preclinical studies can be performed 

in laboratory cell cultures (in vitro) or in animal systems (in vivo). The preclinical testing for 

biologics (higher molecular therapy) is essentially the same as for drugs (small molecular 

therapy) (ICH: S6, 1997).   

 

 



 12 

 

 

1. 2.1.1. Single dose toxicity Studies 

The objectives of single dose (acute) toxicity testing are to define the intrinsic toxicity of the 

chemical, predict hazard to nontarget species, or toxicity to target species, determine the most 

susceptible species, identify target organs, provide information for the design and relation of the 

dose levels for prolonged studies, and most important and practical of all provide valuable 

information for clinicians to predict, diagnoses and prescribe treatment for acute overexposure 

(poisoning to chemicals). Acute studies often are called the “first line of defense” in the absence 

of data from long-term studies. From regulatory standpoint, acute toxicity data are essential in the 

classification, labeling, and transportation of a chemical. From an academic standpoint, a 

carefully designed acute toxicity study can often provide important clues on the mechanism of 

toxicity and the structural-activity relationship for a particular class of chemicals (David, 1995).  

The single dose (acute) toxicity for a pharmaceutical should be evaluated in two mammalian 

species prior to the first human exposure. A dose escalation study is considered an acceptable 

alternative to the single dose design. 

 

Since the end of the 1970´s the LD50 test has been widely criticised for both scientific and animal 

welfare reasons (Zbinden and Flury-Roversi, 1981; Balls, 1991), and the test procedure has been 

modified by Organization for Economic Cooperation and Development (OECD) in various ways 

to reduce the number of animals required, and to reduce the suffering caused to any animal used 

(Balls and Fentem, 1993). This modification to the classical LD50 test includes the fixed-dose 

procedure, (OECD technical group (TG) 420, 2001a), the acute-toxic-class method, (OECD TG 

423, 2001b), and the up-and-down procedure, (OECD TG 425, 2001c). In 2002 the original LD50 

test, (OECD 401, 1987), has been deleted from the OECD guidelines for animal welfare reasons. 

 

1.2.1.2. Repeated dose toxicity Studies   

It is performed to (1) define toxic effects based on long-term exposure to the compound and/or its 

metabolites, (2) identify target organs and toxicological end points in relation to dose and/or 

duration of exposure, (3) possibility of accumulation, (4) determine dosage associated with toxic 

and biological responses or characterize dose-response relationships following repeated dose, and 

(5) establish a no observable effect level (NOEL). The recommended duration of the repeated 
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dose toxicity studies is usually related to the duration, therapeutic indication, and scale of the 

proposed clinical trial. In principle, the duration of the animal toxicity studies conducted in two 

mammalian species (one nonrodent) should be equal to or exceed the duration of the human 

clinical trials up to the maximum recommended duration of the repeated dose toxicity studies. In 

certain circumstances, where significant therapeutic gain has been shown, trials may be extended 

beyond the duration of supportive repeated dose toxicity studies on a case-by-case basis (David et 

al, 1995) 

 

A repeated dose toxicity study in two species (one nonrodent) for a minimum duration of 2-4 

weeks would support Phase I (Human Pharmacology) and Phase II (Therapeutic Exploratory) 

studies up to 2 weeks in duration. Beyond this, 1-, 3-, or 6- month toxicity studies would support 

these types of human clinical trials for up to 1, 3, or 6 months, respectively. Six-month rodent and 

chronic nonrodent studies (David et al, 1995; OECD, 2001d) would support clinical trials of 

longer duration than 6 months. 

 

For the Phase III (Therapeutic Confirmatory) studies, the recommendations for the United States 

and Japan are the same as above. In the EU, a 1-month toxicity study in two species (one 

nonrodent) would support clinical trials of up to 2 weeks duration. Three-month toxicity studies 

would support clinical trials for up to 1-month duration, while 6-month toxicity studies in rodents 

and 3-month studies in nonrodents would support clinical trials of duration up to 3 months. For 

longer-term clinical trials, a 6-month study in rodents and a chronic study in nonrodents are 

recommended (OECD, 2001d). 

 

1.2.1.3. Local Tolerance Studies   

The evaluation of local tolerance should be performed in laboratory experiments prior to human 

exposure to that product. The purpose of these studies is to ascertain whether medicinal products 

are tolerated at sites in the body, which may come into contact with the product as a result of its 

administration in clinical use. Local tolerance should be studied in animals using routes relevant 

to the proposed clinical administration. The evaluation of local tolerance should be performed 
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prior to human exposure. The assessment of local tolerance may be part of other toxicity studies 

(OECD, 2001d; EMEA, 2001). 

1.2.1.4. Genotoxicity Studies 

The objective of genotoxicity (mutagenicity) studies is to assess the potential of a test material to 

induce genetic damage. Hence, prior to first human exposure, in vitro and in vivo tests for the 

evaluation of mutations and chromosomal damage are generally needed. If an equivocal or 

positive finding occurs, additional testing should be performed (OECD, 2001a). The standard 

battery of tests for genotoxicity (OECD, 2001b) should be completed prior to the initiation of 

Phase II studies. The standard battery for genotoxicity testing of pharmaceuticals recommended 

by the ICH consists of the following assays:  

• a bacterial reverse mutation test  

• an in vitro chromosome aberration test or a mouse lymphoma thymidine kinase assay  

• an in vivo test for chromosomal damage  

 

1.2.1.5. Reproductive and developmental Toxicity Studies  

The ultimate goal of reproductive and developmental toxicity studies is to assess reproductive risk 

to adults as well as to the developing individual at all stages from conception to sexual maturity. 

Traditionally, animal studies have been conducted in three “segments”- in adults, treatment pre-

mating through mating in male, and pre-mating through either implantation or lactation in the 

female (Segment I); in pregnant animals, treatment during organogenesis (segment II or 

teratology studies); and in pregnant/ lactating animals, treatment from completion of 

organogenesis through lactation (Segment III- perinatal and postnatal study (Michael, 2001; 

Klassen and Doull, 1980; Neubert et al., 1999). 

 

Parameters considered in the classical segment I, II, and III studies include development and 

maturation of gametes, mating behavior, fertilization, implantation, parturition, and lactation. In 

the developing organism, where the maternal animal may be exposed to the drug candidate from 

prior to mating through lactation, assessments of early embryonic development, major organ 

formation, fetal development and growth, postnatal development and growth, including 

behavioral assessments, and attainment of full reproductive function are required. 
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1.2.1.6. Carcinogenicity Studies  

Completed carcinogenicity studies are not usually needed in advance of the conduct of clinical 

trials unless there is cause for concern. Conditions relevant for carcinogenicity testing are 

discussed in the ICH document (OECD, 2001c). For pharmaceuticals developed to treat certain 

serious diseases, carcinogenicity testing, if needed, may be concluded post approval. 

 

1.2.1.7. Toxicokinetic and Pharmacokinetic Studies         

Exposure data in animals should be evaluated prior to human clinical trials (Balls, 1991). Further 

information on ADME in animals should be made available to compare human and animal 

metabolic pathways. Appropriate information should usually be available by the time the Phase I 

(Human Pharmacology) studies have been completed. 

                 

1.2.1.8. Safety Pharmacology 

Safety pharmacology screens are by definition meant to identify gross physiologic changes in 

response to doses well above the expected therapeutic levels. The objective of safety 

pharmacology is to define expected and unexpected pharmacological effects of the test material, 

especially on parameters associated with desired clinical activity. It includes the assessment of 

effects on vital functions, such as cardiovascular, central nervous, and respiratory systems, and 

these should be evaluated prior to human exposure. These evaluations may be conducted as 

additions to toxicity studies or as separate studies. Safety pharmacology screens generally employ 

Irwin tests. (Mortin et al., 1997).  

 

While it is important to identify the histopathological consequences in animals following single- 

and repeated-dose administration of a novel compound prior to similar administration in people, 

there may be a number of physiological response that do not manifest themselves as gross 

morphological changes. The purpose of the safety pharmacology core battery is, therefore, to 

investigate the effects of the test substance on vital functions. In this regard, the cardiovascular 

(blood pressure, heart rate, and the electrocardiogram), respiratory (tidal volume or hemoglobin 

oxygen saturation), and central nervous (Motor activity, behavioral changes, coordination, 
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sensory/motor reflex responses and body temperature) systems are usually considered the vital 

organ systems that should be studied in the core battery. 

 

1.2.2. Pathological tests in nonclinical toxicity studies 

Pathologic testing in nonclinical toxicity and safety studies is an important part of safety 

assessment for food additive, drugs, and chemicals. Parameters routinely implemented during 

nonclinical assessment of toxicity include clinical pathology (i.e., clinical chemistry, hematology 

and urinalysis); morphologic pathology (i.e., histopathology, gross pathology and organ weights); 

and in-life findings in animals (i.e., clinical observations of signs and symptoms of toxicity, and 

evaluation of body weight and food consumption). Clinical and morphologic pathology 

evaluations are the “gold standard” for identification of toxicity in animals, each complimentary 

to the other and each with its advantages (Palm, 2001). Nonclinical assessments typically include 

administration of drugs to two laboratory animal species (1 rodent and 1 nonrodent-usually 

dog/monkey) for multiple durations and doses exceeding those used in clinical trials (Hall, 2001).  

 

1.2.2.1. Clinical Pathology  

Clinical pathology tests often provide information not detected by direct examination of organs 

and tissues, e.g. evaluation of hepatic and renal function, oxygen carrying capacity of blood, 

circulating cells of the immune system, hemostatic function, and systemic mineral and electrolyte 

homestasis. This information is useful for determining the biological significance of findings in 

toxicity and safety studies conducted with laboratory animals and safety testing to be conducted 

in clinical trials for development of new drugs and food additives (Stitzel and Waner, 1992; Palm, 

2001). 

For repeated-dose studies, predose clinical pathology testing is useful for general health screening 

of nonrodent species considered for placement in toxicity and safety studies (Leissing et al, 

1985). Predose clinical pathology testing of rodents is not necessary because of the large number 

of animals per group in rodent studies and the homogeneity of the laboratory animal population. 

Additionally, predose blood sampling of young rodents is limited by small blood volume and may 

have adverse effects on animal health (Hall, 2001). 
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In the ICH guidelines for repeated-dose toxicity, it is stated that hematology parameters, clinical 

chemistry and urinalysis should be determined at relevant time points and in addition to final 

observations with a frequency that allows assessment of changes overtime. For repeated-dose 

studies in rodent species, these clinical pathology testing are necessary at study termination. 

Interim study testing may not be necessary in long-duration studies provided that it has been done 

in short-duration studies using dose level not substantially lower than those used in the long-

duration studies. For repeated-dose studies in nonrodent species, clinical pathology testing is 

recommended at study termination and at least once at an earlier interval because of the small 

number of animals per groups and interanimal variability (Davies, 1992).  

 

1.2.2.2. Morphologic Pathology 

The animals used for clinical pathology testing should be examined for morphologic pathology 

findings. Use of separate subgroups of rodents for clinical pathology testing is scientifically 

acceptable, but maximal information is obtained when clinical pathology findings can be 

associated with gross and histopathologic observations from the same animal. These morphologic 

pathology studies are typically performed at the end of a study to support clinical pathology 

findings. Common histopathological finding of chemical induced organ damage include: adaptive 

response such as atrophy (decrease in cell size), hypertrophy (increase in cell size), hyperplasia 

(increase in the number of cells in an organ or tissue) and metaplasia (replacement of one cell 

types by another); cell death (necrosis and apoptosis); inflammation; and neoplasm (FDA 

Working Group, 2000).  

Injury to the plasma membrane is important in the pathogenesis of necrosis and it is characterized 

by cellular swelling, protein denaturation, and organellar breakdown. Apoptotic histological 

tissue section has characteristic morphological changes which include condensation and 

aggregation of chromatine against the nuclear membrane and nuclear fragmentation (Mitchell and 

Cortan, 2004a).  Morphologically tissue samples containing only inflammatory cells or 

inflammatory cells and a few nondysplastic tissue cells indicate an inflammatory lesion, whereas 

samples containing only tissue cells indicate a neoplastic or hyperplastic process. The 

inflammatory process can be classified as: acute when > 70% of the inflammatory cells are 

neutrophils; subacute when > 50-70% of the inflammatory cells are neutrophils and 30-50% are 

macrophages; chronic when > 50% are macrophages; purulent or suppurative when > 85% of the 
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inflammatory cells are neutrophils; granulomatous if inflammatory cells giant cells and /or 

numerous epithelial macrophages are present; and eosinophilic or allergic if eosinophils are 

numerous (Mitchell and Cortan, 2004b). 

 

Nuclear criteria of malignancy are important in estimating malignant potential. These nuclear 

criteria include: macrokaryosis (increased nuclear size); increased nucleus to cytoplasm ratio 

(usually 1:3 to 1:8 depending on the tissue, but ratio >1:2 suggest malignancy); anisokaryosis 

(variation in nuclear size); multinucleation in a cell; increased mitosis; abnormal mitosis 

(improper arrangement of chromosomes); nuclear molding (deformation of nuclei by other nuclei 

within the same cell or adjacent cells); macronucleoli (nucleoli are increased in size); and angular 

nucleoli (nucleoli are fusiform or have other angular shape instead of their normal round to 

slightly oval shape). Usually recognition of more than three nuclear criteria of malignancy in a 

highly percentage of tumor cells is strong evidence that the tumor is malignant otherwise it is 

benign (Naib, 1996)       

Gross pathology and organ weight are also potential indicators of toxicity. For example, in 

standard toxicity studies indicators of immunotoxicity include unexplained changes in 

hematological parameters, serum globulin, findings on gross pathology (e.g., thymic involution), 

weight and/or histopathologic changes in lymphoid tissues, and clinical incidence of infection 

(Kunder, 2004). Some authors have demonstrated that estimation of urea and creatinine levels is 

not sensitive enough in detecting a low level of renal toxicity or damage. This may be due to the 

great functional reserve of the kidney. Others have observed the absolute kidney weight to be a 

relatively sensitive indicator of nephrotoxicity for known toxicants. Nephrotoxicity has, therefore, 

been defined as increased kidney weight (either absolute or relative) coupled with a significant 

alteration in at least one serum parameters (Hall, 2001).        

 

1.2.2.3. Clinical Chemistry 

The primary function of serum/plasma clinical chemistry testing in nonclinical safety assessment 

testing is to determine potential target organs of toxicity and associated time course of that 

damage without the need of biopsy or necropsy samples. Many biochemical parameters tend to 

have specificity for an organ and/or a limited range of pathological processes (Hall, 2001).  
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The development of clinical chemistry test as diagnostic tool in nonclinical toxicology research is 

based on their use in disease diagnosis in clinical medicine. Thus, many of the routine tests are 

virtually identical with measurements performed in human clinical laboratories. Fortunately, 

many of the diagnostic tools adopted from human medicine are appropriate for identifying organ 

system damage in animals exposed to toxic doses of drugs and other chemicals. It should be noted 

that commercial clinical chemistry reagents currently used in animal testing are for assay of 

human analytes (Weingand et al, 1996). 

 

The core clinical chemistry tests recommended for animal toxicity and safety studies are glucose, 

urea nitrogen, creatinine, total protein, albumin, calculated globulin, calcium, potassium, sodium, 

total cholesterol, and appropriate hepatocellular and hepatobiliary tests (Weingand et al, 1996). 

 

The liver is a major target organ of early screening efforts in the pharmaceutical industry and a 

major target organ in the repeated-dose nonclinical safety studies used to support clinical trials. 

Many routine clinical chemistry tests can be affected by liver toxicity because of the liver’s 

metabolic, synthetic, and excretory function and the abundant enzymatic machinery needed to 

perform these function. Conversely, significant loss of liver tissue with little or no detectable 

change in routine tests is possible because of the liver’s large functional reserve. Hence, 

monitoring for hepatotoxicity is typically done by studying serum concentrations of hepatic 

enzymes, e.g., tramsaminases (to evaluate hepatic injury) and the products of hepatic metabolism, 

e.g., serum albumin and bilirubin (to evaluate hepatic dysfunction) and morphological pathology 

of the liver (Amacher, 2002).    

 

There are a variety of clinical chemistry tests for evaluation of liver health and function 

appropriate for use with laboratory animals (Thompson et al, 1987; Corakostas et al, 1990; 

Leonard et al, 1984; Woodman, 1988). For hepatocellular evaluation, measurement of a minimum 

of two scientifically appropriate blood tests is recommended, e.g., aspartate aminotransferase 

(AST, formerly serum glutamic-oxaloacetic transaminase [SGOT]), alanine aminotransferase 

(ALT, formerly serum glutamate-pyruvate transaminase [SGPT]), sorbitol dehaydrogenase 

(SDH), glutamate dehydrogenase, or total bile acids. For hepatobiliary evaluation, measurement 

of a minimum of two scientifically appropriate blood tests is recommended, e.g.’ alkaline 
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phosphatase (ALP), gamma glutamyl transferase (GGT), 5’- nucleotidase, total bilurubin, or total 

bile acids (Weingand et al, 1996). 

 

The most commonly used markers of hepatocellular (hepatocyte) injury are ALT and AST. ALT 

is considered to be liver specific and is present in large concentrations in the cytoplasm of 

hepatocytes. AST is present in many tissues and is useful in evaluating muscle and liver damage 

in small and large animals. While ALT is cytosolic, AST has both cytosolic and mitochondrial 

forms (Johnston, 1999). Hepatocyte necrosis in acute hepatitis, toxic injury or ischemic injury 

results in the leakage of these enzymes into the circulation. Hence, elevation of serum levels of 

both ALT and AST can occur with states of altered hepatocellular membrane permeability. 

Because ALT is located only in the cytoplasm, serum levels tend to be relatively higher than 

AST, as a result of membrane leakage from the hepatocyte. Mitochondrial enzymes are less likely 

to be released with most of the conditions which result in increased membrane permeability, i.e., 

the more severe the lesion, the more likely the presence of mitochondrial leakage. Magnitude of 

both ALT and AST elevations in serum is generally related to the number of hepatocytes affected. 

Hepatocytes dying by apoptosis presumably synthesize less ALT and AST as they wither away. 

Similarly increases in ALT and AST may be relatively mild in cases of severe cirrhosis/fibrosis of 

the liver since there is no ongoing hepatocellular damage (Hall, 2001). 

 

The most commonly used markers of hepatobiliary injury (e.g., cholestasis) are ALP, GGT, 

bilirubin, bile acids and cholesterol. Of these, the most commonly measured are ALP and GGT. 

Cholestasis (lack of bile flow) results from the blockage of bile ducts or from a disease that 

impair bile formation in the liver itself. Since the bile duct is closely associated with the pancreas 

and empties into the duodenum, various disorders causing swelling or constriction of the liver, 

pancreas or duodenum can also cause increased pressure within the biliary tree and thus 

cholestasis. In cases where there is evidence of cholestasis, it is therefore necessary to determine 

if the obstruction is primarily intrahepatic (e.g., periportal abnormalities) or extrahepatic (e,g, 

pancreatits and duodenitis) (Johnston, 1999).     

ALPs are group of enzymes which catalyze the hydrolysis of a phosphate group from an organic 

molecule at an alkaline pH. ALP is an enzyme in the cells lining the biliary tract of the liver and it 

is primarily bound to cell membrane. Serums ALP originate mostly from liver and bone. Since an 
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elevated liver ALP value is usually accompanied by an elevated GGT level and other liver 

function test abnormalities, it is easy to differentiate between cholestasis and bone disease 

(Sadovsky, 2002).  

 

GGT is present in cell cytoplasm and also bound to membrane. It is a carboxypeptidase which 

cleaves glutamyl groups and transfers them to peptides. It has shown to be a sensitive marker of 

cholestasis, thus has a valuable tool in the diagnosis of hepatobiliary disorders. In rodents, serum 

GGT activity is often undetectable, and even small increases may be significant (Hall, 2001). 

  

Excessive serum cholesterol (hypercholesterolaemia) provides supportive evidence for hepatic 

disease. In obstructive biliary disease, hypercholesterolaemia may be due to retrograde flow 

through the biliary system and/or bile salt retention. As a result cholesterol remains in a soluble 

state and there is a reduction in tissue uptake. In severe hepatocellular disease with loss of hepatic 

synthetic capacity, a progressive decrease in total cholesterol occurs (Hall, 2001). 

 

Blood proteins represent a heterogeneous group with albumin constituting the major portion. 

Globulins (e.g., immunoglobilins) are also important blood proteins.  Albumin is largely 

responsible for maintaining intravascular osmotic pressure. Albumin is specifically synthesized 

by the liver and serves as an index of liver synthetic capacity and its level decrease in hepatic 

diseases such as cirrhosis (Rothschild, 1988). In toxicology studies, the most frequent reason for 

increased serum total protein concentration is reduced hydration of treated animals relative to the 

control animals. The only other relatively common causes for increased serum total protein 

concentration in toxicology studies are inflammatory conditions that stimulate the production of 

acute-phase proteins. Often with inflammatory conditions, however, there is a concurrent 

decrease in serum albumin concentration that serves to negate the globulin effect on serum total 

protein concentration. Decreased serum protein concentrations results from either decreased 

protein synthesis (e.g. hepatic dysfunction) or increased protein loss (e.g. as in hemorrhage) (Hall, 

2001).   

 

Serum glucose is a reflection of intestinal glucose absorption, hepatic glucose production, and 

tissue uptake of glucose. Elevated levels are associated with pancreatitis, disease of the adrenal, 
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pituitary and thyroid system; renal failure and liver disease. The most frequently encountered 

causes of increased serum glucose concentration in toxicology studies are failure to fast an animal 

and catecholamine release secondary to excitement or fear. In toxicology studies, test material-

related decreases in serum glucose concentration are most commonly observed in animals that fail 

to thrive and gain body weight, with or without a concurrent decrease in food consumption.  

 

In general, determination of “adverse effect” on liver is multifactorial, and is based on a 

combination of ‘parameters affected and their magnitude of change’ and mechanism of changes.’ 

Table 2 and 3 show findings in individual parameters that are considered ‘adverse’ indicator of 

hepatotoxicity and associated mechanism of changes respectively (FDA Working Group, 2000).   

 

Table 2. Findings in selected primary hepatotoxic indicator parameters that are generally 

               considered adverse    

Clinical Pathology* Histologic Pathology** 

ALT: > 3-5X increase 

AST: > 3-5X increase 

GGT: > 2X increase 

ALP: > 3-5X increase 

Bilirubin: absolute > 1mg/dl 

Hepatocellular degeneration 

Hepatocellular necrosis (including apoptosis) 

Cholestasis 

Fibrosis/cirrhosis 

Hepatocyte or Biliary proliferation 

 

 

  

* Increase in clinical pathology parameters, even in the absence of histologic changes, are  

    considered adverse, unless the pathogenesis indicates to the contrary. 

** The occurrence of any histologic pathology changes at or above the minimal to slight level is  

      considered adverse, unless the pathogenesis indicates to the contrary. 

 

Toxic agent may affect kidney and impair its physiological functions. These effects can be 

detected and/or quantified by crosschecking the normally expected functions of the kidney, for 

example in excreting waste products like BUN and creatinine, and also by determining its ability 

to filter and reabsorb the body-needed threshold substance like electrolyte. Hence, BUN and 

creatinine in conjunction with the urine specific gravity or urine osmolality are the most common 

tests used to evaluate renal function impairment (Weingand et al, 1996).  



 23 

 

 

 

 

Table 3  Some of the classification of liver changes by process  

Parameters used to detect  

 

Classification 

 

Clinical Pathology 

Morphologic 

pathology 

Degeneration/necroses       Yes (ALT, AST) 

Apoptosis                            No 

Cholestasis                         Yes (Bilirubin, ALP, GGT) 

Inflammation                      Yes (Leukocyte count, ALT, AST) 

Metabolic                           Yes (electrolyte, acid-base, ALT) 

Proliferation                        No 

Neoplastic                           No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

 

 

The majority of BUN is synthesized in the liver from ammonia and once formed it diffuses freely 

throughout all body fluids and finally excreted through the kidney whereas most creatinine 

originates from the nonenzymatic conversion of creatine in muscle and then freely filtered by the 

glomerulus. Decreased glomerular filtration increase blood concentration of both BUN and 

creatinine. Increased serum creatinine and BUN have been used as important indices for the 

evaluation of the effects of chemicals in the kidney (Hall, 2001). Simultaneous elevation of BUN 

and creatinine on a biochemical profile denote azotaemia. The cause of azotaemia can be prerenal 

(reduced glomerular filtration rate due to decreased blood flow or hypovolaemia), renal (due to 

renal damage), or postrenal (due to urinary obstruction). 

 

Renal azotaemia is accompanied by histopathological evidence of renal toxicity and the animals 

nearly always exhibit signs of poor health such as weight loss, or inactivity. Postrenal azotaemia 

result from obstruction of urinary outflow and materials that promote urinary calculi formation 

might cause this situation. The clinical differentiation of renal from prerenal azotaemia is usually 
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based on urine specific gravity since most patients with prerenal azotaemia will have highly 

concentrated urine while patients with renal azotaemia will have isosthenuric urine (Hall, 2001). 

        

Electrolytes play a vital role in many biological processes. They are responsible for the 

maintenance of body fluid pH, the maintenance of the dynamic balance of water volume between 

the two major body fluid compartements, the creation of transmembrane electrical potentials that 

results in nerve conduction and muscle contraction and they serve as cofactrors of many enzymes. 

Increase in serum sodium is seen in conditions with water loss in excess of salt loss, as in 

polyurea, hypergluco- or mineralocorticoidsm. Whereas increase in serum potassium is seen in 

states characterized by excessive destruction of cells, with redistribution of potassium from the 

intra- to extracellular compartement, as a result in massive hemolysis (Hall, 2001). Table 4 below 

shows mean control reference ranges of some of the clinical chemistry measurements in Rats 

(Levine, 1995). 

Table. 4  Mean Control Ranges of serum Clinical chemistry measurements in rats 

 

Parameter                                                          Reference Value 

ALT (IU/L)                                             10-40 

AST (IU/L)                                                                             45-90 

ALP (IU/L)                                                             140- 300 (male) 

                                                                                80-100 (female) 

GGT   (IU/L)                                                                             0-2 

BUN (mg/dl)                                                                           12-18 

Creatinine (mg/dl)                                                                 0.3-0.8 

Glucose (mg/dl)                                                                    90-175 

Total protein (g/dl)                                                    6.2-7.6 (male) 

                                                                               6.3- 8.2 (female) 

ALB (IU/L)                                                               3.4-4.2 (male) 

                                                                                3.5-4.5 (female) 

Total Cholesterol  (mg/dl)                                                      50-85 

Sodium (mEq/l)                                                                  140-153 
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Potassium (mEq/l)                                                                5.5-8.0 

Calcium (mg/dl)                                                                 9.8- 12.0 

 

  

 

1.2.2.4. Hematology 

Hematology assays give vital information regarding the status of bone marrow activity, potential 

intravascular effects, e.g., hemolysis, circulating cells of the immune system, hemostatic function, 

oxygen carrying capacity of blood etc. As for clinical chemistry tests, hematology measurements 

in nonclinical toxicology research are also based on human diagnostic procedures.  

 

The core hematology tests recommended are total leukocyte (white blood cell, or WBC) counts, 

absolute differential leukocyte count, erythrocyte (red blood cell, or RBC) count, evaluation of 

red blood cell morphology, platelet (thrombocyte) count, hemoglobin concentration, hematocrit 

(or packed cell volume), mean corpuscular volume (MCV), mean corpuscular hemoglobin 

(MCH), and corpuscular hemoglobin concentration MCHC) (Weingand et al, 1996). 

Measurement of total and differential leukocyte counts can be used as indicator of 

immunotoxicity (Kunder, 2004). Measurement of hematocrit, hemoglobin, red blood cell count 

can be used to determine anemia which could be due to blood loss, a drop in production of RBCs, 

drop in hemoglobin, or a rise in the number of RBCs destroyed. The relation between the 

hematocrit, the hemoglobin level, and the RBC are converted to red blood cell indices such as 

MCV-the average red blood size, MCH-hemoglobin amount per RBC, and MCHC-hemoglobin 

concentration per RBC. Hence, RBC indices are also measurements that are used to help in the 

differential diagnosis of anemia. 

 

1.2.2.5. Urinalysis 

Urinalysis measurements are primarily concerned with renal function and can aid in the 

identification of chemically induced nephrotoxicity. Urinalysis measurements are typically of 

limited usefulness and may only be appropriate if kidney toxicity is suspected from preliminary 

studies.  Urinalysis should be conducted at least once during a study. For routine urinalysis, an 

overnight collection (approximately 16hr) is recommended. It is recommended that the core tests 



 26 

 

should include an assessment of urine appearance (color and turbidity), volume, specific gravity 

or osmolality (reflects the concentrating ability of the kidneys), pH, and either the quantitative or 

semiquantitative determination of total protein and glucose (Simerville et al, 2005, Weingand et 

al, 1996). 

 

1.2.3. Relevance of Animal Models in Toxicological Assessment       

Human data on toxicity of chemicals are obviously more relevant to safety evaluation than those 

obtained from the exposure of experimental animals. However, controlled exposures of human to 

hazardous or potentially hazardous substances are limited by ethical considerations and 

information obtained by clinical or epidemiological methods must be relied on. Where such 

information is not available, as in the case of all new synthetic chemicals, data must be obtained 

from tests on experimental animals and other laboratory procedures (like in vitro tests).  The 

degree of confidence with which human health risks can be estimated from laboratory data 

depends on the quality of the data and the selection of appropriate laboratory testing procedures 

(Zbinden, 1991). 

 

The ultimate goals of the toxicology assessments are to characterize toxicity in animal models to 

identify potential problems in short- and long-term clinical studies, identify the circumstances 

under which toxicity occurs, evaluate the extent to which the data warrant extrapolation to 

humans, recommend safe levels of exposure, and contribute to decision whether to test the new 

drug candidate in humans (Dayan, 1981; Micheal, 2001). Thus, Regulatory agencies and 

research-based pharmaceutical companies consider laboratory animal toxicology studies a critical 

part of the assessment of a new drug candidate (Lumley and Walker, 1985). 

 

The suitability of experimental animal data for assessing risk to humans is an important 

contemporary issue in toxicology. Animals and humans have much in common anatomically, 

physiologically, and biochemically. There are two main guiding principles of experimental 

toxicology: that effects produced in animals, when properly qualified, are applicable to humans; 

and, that exposure of experimental animals to high doses of a test compound is necessary and 

valid in determining human hazard. 
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In many cases, studies with laboratory animals make it possible to predict the toxic effects of 

chemicals in man. However, it is important to realize that experimental animal models have their 

limitations, and the accuracy and reliability of a quantitative prediction of toxicity in man depend 

on a number of conditions, such as choice of animal species, design of the experiments, and 

methods of extrapolation of animal data to man. The most difficult problem in the extrapolation 

of animal data to     man is the conversion from one species to another. For most substances, the 

pathogenesis of poisoning is the same in man and other mammals, and for this reason the signs of 

intoxication are also analogous. Thus, quantitative rather than qualitative differences in toxic 

response are most common. Man may be more sensitive than certain laboratory animals but there 

are also many cases where some animal species are more sensitive than man. For example, the 

mouse is most sensitive to atropine; the cat is less sensitive, while the dog and the rabbit tolerate 

atropine in doses 100 times higher than the lethal dose for man. However, the dog is more 

sensitive to hydrocyanic acid than man (Environmental health Criteria 6 (EHC6), 1978). 

 

There are other problems in the evaluation of toxicity to man from experiments on animals, such 

as where an effect is difficult to measure or where similar conditions are difficult to obtain in 

animal models, for example, intelligence and the more esoteric behavioural changes. 

Furthermore, in animal experiments, the effects of social factors, so important to man, cannot be 

evaluated. For these reasons, when extrapolating from animals to man it is prudent to apply a 

species conversion factor which should be determined on the basis of biological considerations 

and the available information on the test species. There is no definite rule for the species 

conversion factor. If the extrapolation of data is based on the most sensitive species tested, some 

toxicologists use a factor of 1, but others recommend a factor as large as 10-100 (EHC6, 1978). 

 

It has been recognized that qualitative extrapolation of drug toxicity from animals to humans is 

more reliable than estimation of the magnitude of dose producing a similar effect in animals and 

humans; the pharmacodynamics of an agent is more predictable than its pharmacokinetics. Until 

our knowledge base expands, animal data must be extrapolated to the human situation using a 

conservative approach, that is use of relatively high doses, assumption that humans are more 

sensitive than the most sensitive species, and so on (Michael, 2001). 
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1.2.4. Toxicological Considerations on Botanical Drug product Development 

Botanical products have a long history of use among different ethnic groups, both as a means of 

alternative therapies and as food supplementation. Based on U.S. regulations, when a botanical is 

claimed to cure, treat or prevent human disease, it will be classified as a drug. Because of the 

unique characteristics and status involved, the FDA has published a draft guidance on botanicals 

that provides special waiver on requirements of animal toxicology studies in support of an initial 

clinical trial. In regard to the role of toxicity studies in support of advanced clinical trials, the 

waiver conditions for respective study depend on the availability and quality of the existing data 

and the issue will be evaluated on a case-by-case basis (Wu et al, 2004; Kroes and Walkes, 2004). 

i. Acute Toxicology Studies: Because many botanical products are usually granted a waiver for 

toxicology studies before an initial clinical trial, the conduct of acute single-dose toxicity studies 

in animals can be waived (Wu et al, 2004). 

ii. Repeated dose Toxicology Studies: The length of chronic animal toxicology studies would 

depend on the indication of the botanical and the duration of the proposed clinical trial. In 

general, for a botanical indicated for 14 consecutive days or less of treatment duration, data from 

two 2-week toxicity studies are the minimum expected, one carried out in a rodent and the other a 

nonrodent mammalian species, by the route(s) of administration intended for clinical use. 

For botanicals indicated for more than 14 and equal to or less than 90 consecutive days of 

treatment duration, data from two three-month chronic toxicity studies are expected, with again, a 

rodent and a non-rodent species. For botanicals indicated for more than 90 consecutive days of 

treatment duration, data from two six-month chronic toxicity studies are expected, with the same 

species requirements as addressed above. This six-month study rule may apply to botanicals 

indicated for (a) chronic intermittent drug exposure such as bacterial infections, erectile 

dysfunction and herpes, and (b) life-threatening diseases such as cancer chemotherapy in 

advanced condition (Wu et al, 2004). 
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For botanicals indicated for conditions other than those mentioned above and that are proposed 

for a more than 90 consecutive days of treatment duration, or for those that have not been shown 

to produce any significant toxicity in the six-month or other rat studies, a nine-month, instead of 

the six-month, nonrodent mammalian study should be performed. This is for the purpose of 

assuring that potential target organs of toxicity are fully explored. For botanical applications 

seeking fast-track approval with clinical trials employing surrogate markers (e.g., anti-HIV, anti-

cancer [not chemoprevention]), a one-year, instead of nine-month, nonrodent mammalian chronic 

toxicity study is needed before an new drug application (NDA) is submitted, because additional 

safety information can be obtained from a more prolonged animal study to complement the small 

amount of human safety data from the fast track application (Wu et al, 2004). 

iii. Toxicokinetic Studies: Because of the complexity and diversity of chemical ingredients 

contained in the botanical product, the draft guidance document does not extensively address the 

requirements for pharmacokinetics or toxicokinetics. However, when known marker(s) are used 

for Chemistry Manufacturing and Control purposes, the sponsor should attempt to measure the 

marker whenever feasible in toxicity studies, to provide a useful indication for the systemic 

exposure of the botanical. This would help design the toxicity study and support that the animals 

are adequately exposed to the administered botanical and thereby help validate the toxicity studies 

(Wu et al, 2004). 

iv. Mutagenicity Studies: A battery of three tests, as described in the ICH (S2A/B, M3) guidance 

documents is useful and sufficient to assess the genotoxic potential of a botanical prior to 

advanced clinical trials and filing of an NDA, regardless of its indication. If test results are 

positive, it may suggest that the botanical has damaging effects on DNA or chromosomes, 

depending on the assay used. From the regulatory standpoint, in some FDA divisions, when one 

of the three tests shows positive findings, alternative assays, if feasible, may be requested to 

determine whether those botanicals intended to be used for non-life threatening conditions should 

be allowed for advanced clinical trails (Wu et al, 2004). 

v. Reproductive Toxicology Studies: Unless there is compelling previous human experience or 

existing good laboratory practice (GLP) data, reproductive toxicity studies are needed to support 

the proposed advanced phase trials and filing of an NDA. The requirements may be modified 
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depending on the indication and patient population exposed to the botanical. For example, for 

botanicals intended for prostate hypertrophy, teratology studies usually are not required. In 

general, the assessment procedures for reproductive toxicology should follow those described in 

the ICH guidance documents (S5A/B; M3), including assessment of the potential to affect fertility 

or early embryonic development to implantation as well as teratology in both a rodent species and 

a mammalian nonrodent species, and effects on prenatal and postnatal development, including 

maternal function. 

vi. Carcinogenicity Studies: Carcinogenicity studies should be performed for any botanical 

whose expected clinical use is continuous for more than 3 months, or 6 months intermittently. 

Thus for an antibiotic botanical which has a short proposed treatment duration, carcinogenicity 

information is not needed for NDA filing. In instances where the life-expectancy in the indicated 

population is short (for example, less than 2 to 3 years in certain cancer patients), long-term 

carcinogenicity studies are usually not necessary. Thus, 'anticancer' botanicals with 

chemotherapeutic potential for treatment of advanced systemic disease do not generally need 

carcinogenicity studies. 

However, when treatment with a chemotherapeutic botanical becomes successful and life is 

significantly prolonged, there may be later concerns regarding emergence of secondary cancers. 

Further, when a botanical is intended for adjuvant therapy (such as antioxidant, free-radical 

scavenging, or as an immune-enhancer) in cancer patients or for prolonged use in noncancer 

indications, carcinogenicity studies are usually needed. In regard to those botanicals proposed to 

be used frequently in an intermittent manner in the treatment of chronic or recurrent conditions 

(such as flu prevention, allergic rhinitis), carcinogenicity studies are generally needed (Wu et al, 

2004). 
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1.3. Glinus lotoides Linne and Hagenia abyssinica 

Glinus lotoides Linne, locally known as “mettere” is an annual or short-lived perennial prostate 

herb growing in low land dry areas. It is classified under a family Molluginocea and order 

centrosperma. The order centrosperma contains 13 families, one of which is Molluginocea. The 

family molluginocea contains about 16 genera and 100 species. The family Molluginocea was 

often included within the family Aizoaceae, but now it is generally accepted that the 16 genera of 

molluginocea are not related to the other genera of Aizoaceae. The genus Glinus contains 

different species. Glinus lotoides was known by different botanical synonyms such as Glinus 

dicatamoides, Glinus satiforous, Mollugo glinus, Mollugo hirta, and Mollugo lotoides The 

taxonomic feature of the plant (Fig. 3), shows that it is glabrous or densely short hairy. The leaves 

are opposite or clustred at nodes and apparently verticillate, narrowly elliptical to subround. The 

plant contains stipules and the flowers are bisexual and clustred in axillary (Endale, 2000). 

 

Glinus lotoides is found mostly in tropical and subtropical region such as Ethiopia, Sudan, 

Uganda, Egypt, India, Pakistan and South Africa. As it is found in different countries their 

traditional uses also differ. In India and Pakistan, for instance, the plant is used as antifungal 

agent, and for fishing (Endale, 2000). In Ethiopia, the seeds of Glinus lotoides are traditionally 

used as anthelmintic for the prevalent tapeworm infestation. The traditional mode of 

administration of Glinus lotoides is to orally consume about 20 grams of the whole powdered 

seeds as suspension in “tella”, a traditional local beer or covered with some food (e.g. banana) to 

make it palatable. This amount is believed to remove the tapeworms completely from the intestine 

of the patient (Djote, 1978; Endale et al, 1997 and 1998).  

 

The in vitro taenicidal activity of Glinus lotoides on Taenia saginata worms (Djote, 1978) and the 

in vitro and in vivo taenicidal activity on Hymenolopis nana worms have been reported (Endale et 

al, 1997; Endale et al, 1998). The ethanolic extract of the seeds of the plant has been shown to be 

highly active in vitro against Hymenolopis nana worms. With approximate 50% effective dose 

(ED50) of 0.003mg/ml. It has been shown that a concentration of 1mg per ml of the extract 
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exhibited comparable in vitro taenicidal activity with 0.05 and 0.01 mg/ml of niclosamide and 

praziquantal respectively (Endale et al, 1997). The LD50 of hydroalcoholic extract was also found 

to be 4.5 g/kg in mice (Endale et al, 1998). 
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Fig. 3  Pictorial representation of Glinus lotoides. [1. habit;  2. Hairs from leaf; 3. Flower; 4.  

             Staminode; 5. stamen; 6. ovary; 7. Seed] (see, Endale, 2000). 

 

 

 

In vivo anthelimentic activity of the methanolic extract of Glinus lotoides in albino mice infested 

with Hymenolopis nana has been found to be active against this worm in both single and multiple 

dosing. But it has been found that the extract was more effective when administred as multiple 

doses than as single dose. In single dose treatment, higher concentration of the extract (as much 

as 3.3g/kg) was required to expel all worms in mice. Whereas the total multiple dose that cured 

the mice compleletly amounted to only 0.6g/kg (Arragie et al, 1977). 

 

 

The seeds of Glinus lotoides contain 10% crude saponin (Endale et al, 1998) and 14% oil (Biftu 

et al, 1979). The etherail composition of the plant contains fatty acids, glycosides of sitosterols, 

stigmasterol, flavonoids and waxes (Biftu et al, 1979). Abegaz et al (1980) isolated biologically 

active triterpene glycoside from the seeds of the plant. Acid hydrolysis of the saponin with 8% 

methanolic HCl yielded oleanolic acid, D- glucose and L-arabinose and the ratio of glucose to 

arabinose was found to be 2:1. Five triterpenoidal saponines (Glinusides A, B, C, D and E) have 

been isolated from the n-butanol fraction of Glinus lotoides var. dicatamnoides (Hamed and El-

Elmary, 1999). The taenicidal activity of Glinus lotoides has been attributed to saponins present 

in it (Endale et al, 1997 and 1998). Indeed, the cestoicidal activities of saponins obtained from 

various plants have been documented (Takahashi and Chjyo, 1984).   

 

Hagenia abyssinica (Bruce) Gmel., also commonly known as kosso, is a dioecious tree, in which 

the male and female flowers existing separately on different trees (Pankhurst, 1975). It is 

classified under family Rocaceae. The tree is named after Dr. K. G. Hagen of K”nigsberg, a 

German botanist (d. 1829), and also after A. Brayera, a French physician in Constantinople, who 

wrote a monograph on the tree in 1823. It is a beautiful tree growing about 20 feet high, at an 

elevation of 3,000 to 8,000 feet. The flowers are unisexual, small, of a greenish colors, becoming 

purple. The dried flowers have a slight balsamic odor, and the taste is bitter and acrid. The female 

flowers are chiefly collected, although not exclusively so, for the treatment of tapeworm 
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infestation.  ‘Loose kosso’, i.e. flowers stripped from their panicles, sometimes come into market, 

often with some staminate flowers among it (Pankhurst, 1975). 

 

Although kosso have been used as a taenicide by Ethiopians for many centuries, its taenicidal 

value was first reported to the rest of the world in the eighteenth century by the Portugese Jesuit 

Almedia and by the Scottish traveler James Bruce. In 1870 Merck of Germany produced the first 

crystalline substance, called kosin from the female flowers of this dioecious plant. Kosso soon 

became incorporated in European Pharmacopoeia. Most scientific papers were published by 

Fluckiger and Buri in 1874, who isolated a toxic substance, which they named it as kossotoxin 

(Abegaz et al 1980) Scientific interest on kossotoxin, protokosin, and the kosins (α- , β-) 

continued slowly over the years with eminent scientists like Sir A. Todd and A.J. Birch getting 

close to but not quite to the currently accepted structure of these elusive substances which were 

published in 1974 by Finish workers. Thus, the ether extract of kosso has been found to contain 4 

active principles, namely kossotoxin, protokossin, kossidin, and α-and β-kossins, all 

phloroglucinol derivatives (Abegaz et al 1999). Arragie (1983) also found the same ingredients 

from the water extract. 

 

Volatile oil, a bitter acrid resin, and tannic acid are other constituents of kosso. The bitter 

principle called α kosin and β kosin, which are found in kosso, are thought to be decomposition 

products. Kosotoxin, a yellow amorphous powder possibly related to filicia acid and Rottlerin, is 

the principal constituent of kosso whereas protokosin and kosidin are inactive colorless bodies 

found in the extract of kosso (Yahannes and Dagne, 1983). 
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2. Objectives  

It is estimated that some 1.3 to 2.0 billion people in the world suffer from helminth infections. 

Although direct mortality is low, intestinal helminth infections are believed to contribute to 

“general morbidity.” They have been associated with anemia, stunted growth, poor nutritional 

status, and reduced physical and intellectual abilities (Bundy, 1992). In developing countries, like 

Ethiopia, helminthiases pose a large threat to public health, and contribute to the prevalence of 

malnutrition, anemia, eosinophilia and pneumonia. These infestations can affect the majority of 

populations in endemic areas with major economic and social consequences (Rang, 1995; 

Martindale, 1996).  

Taeniasis (tapeworm infestation) is one of the most common helminthic infestations in Ethiopia. 

The long-standing tradition of eating raw meat (beef) in Ethiopia has established in majority of 

the people a craving for raw beef. This custom is so rampant and the tapeworm infestation 

(taeniasis) so extensive that over 80% of the adult population have to take a tapeworm expellant 

(taenicidal medication) every three months or so. The finding of a crawling proglottid on one’s 

person is also taboo and is associated with a great deal of shame so much so that the 

administration of taenicidal herbal drugs to brides and expectant mothers is an important aspect of 

pre-nuptial and pre-child birth rites for fear of seeing the proglottid (Desta, 1995).  

 

About six million people take the local Kosso (Hagenia abyssinica) three times a year in the 

treatment of taeniasis. Numerous other plants have long been used in Ethiopia for the treatment of 

taeniasis (Desta, 1995). Some of these include Glinus lotoides, Embelia schimperi, Cucurbita 

pepo etc. The taenicdal activity and chemical constituents of some of these plants have already 

been investigated (Endale et al., 1997; Arragie and Cnernishov, 1977; Chernishov et al., 1978). In 

addition to their taenicidal activity mettere and kosso are claimed to have antidiabetic and 

antihypertensive activity respectively (Desta, 1995). Kosins from Hagenia abyssinica and 

extracts of Glinus lotoides are also found to have antitumor activity (Woldemariam et al., 1992; 

Kavimani et al, 1999). 
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Though many traditional therapies have promising potential, and are increasingly used, many of 

them are untested for their safety and their use not monitored. If traditional medicine is to be 

promoted as a source of   healthcare, efforts must be made to promote its rational use and 

identification of the safe and most effective therapies will be crucial. Therefore, careful scientific 

evaluation of safety and efficacy is essential before herbal medicines can be officially 

incorporated into primary health care system and before there can be global acceptance of there 

health benefits (Mahaday, 2001). A systematic approach through experimental and clinical 

validation of efficacy and safety is required for a plant identified for traditional medicine, as is 

done in modern medicine; animal toxicity studies are also required to establish the potential 

adverse effects (Commentary, 2004). 

 

Despite their widespread use, no systematic nonclinical toxicity studies had been performed on 

Glinus lotoides and Hagenia abyssinica. Previous work on kosso was mainly concerned with the 

identification of the principal compounds in the plant (Lounsamaa et al., 1973; Lounasmaa and 

Varenne, 1978, Birch and Todd, 1952, Yohannes and Dagnr, 1983). There are scanty information 

on the hepatotoxicity and neurotoxicity of kosso (Lounsamaa et al., 1973; Low et al., 1985). 

There are also very few clinical reports on Hagenia abyssinica toxicity (Klitina, 1965). Some of 

the above researchers have recommended that a detailed and comprehensive study to be 

conducted on the effect of kosso using different species of laboratory animals, and have suggested 

that methods should be devised for studying the effect of systemic absorption of kosso (Low et 

al., 1985; Rokos, 1969). The purpose of this study was therefore to determine toxicity of extracts 

of Glinus lotoides and Hagenia abyssinica locally used by our community for the treatment of 

taenisais.  
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2.1. General Objectives 

� To conduct single and repeated dose toxicity studies on Glinus lotoides and Hagenia 

abyssinica, traditionally used for the treatment of taenisais, in rats 

2.2. Specific Objectives 

� To observe general toxicological signs and symptoms after administration of the 

extracts. 

� To determine the effect of the extracts on hematology and clinical chemistry 

parameters 

� To see the effect of the extracts on body and organ weight of the experimental animals  

� To conduct gross and microscopic pathologic examinations on selected organs of 

experimental animals. 
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3. Material and methods 

3.1 Collection and Extraction of plant materials 

Glinus lotoides was bought from ‘Markato’ Addis Ababa. The cover pods of Glinus lotoides were 

separated from the dried fruits and the seeds were dried. 5 grams of dried seeds were macerated 

for 72hrs with 50ml of 60% methanol. The methanolic extracts were vacuum filtered and the 

filtrate was dried in hot oven at   around 25-30
0
c. Finally the dried plant extract was powdered to 

make aqueous solution ready for administration to test animals. Likewise, Hagenia abyssinica 

was bought from ‘Markato’ and the dried female flowers of kosso were coarsely ground and a 6% 

water suspension (6 grams of powdered plant material in 100ml distilled water) was prepared for 

maceration, allowed to stand for 18hrs. Then the suspension was filtered with sieve (mesh N0. 

72) in accordance with traditional methods (Arragie, 1983). Filtrate was dried using lyophilizer 

and the dried extract was powdered to make aqueous solution ready for administration to test 

animals.  

 

3.2 Animals and Environmental condition 

In these studies, healthy male and female albino rats bred in the animal house of Addis Ababa 

University, School of Pharmacy were used. Females and males were isolated at the age of 4 

weeks to prevent reproduction between siblings and they were 6-8 weeks on the beginning of the 

experiment. The animals were housed in plastic cage according to groups and sex and fed with 

standard pellets and water ad libtum. They were randomly selected, marked to permit individual 

identification and kept in their cages for 2 days prior to dosing to accustom to each other and to 

laboratory conditions. In all cases 5 rats per dose per sex were used. Procedures used were 

according to the ethical practices that had been approved by the School of Pharmacy ethical 

committee.  In single dose toxicity studies, the animals were fasted overnight with free access to 

water prior to administration of test substances and provided with feed and water throughout the 

studies. Whereas at the end of both single and repeated dose toxicity studies, the animals were 

fasted overnight with free access to water. 
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3.3. Single dose toxicity studies 

3.3.1 Dosing of Animals 

 
A single dose toxicity study of Glinus lotoides was conducted on three groups of rats (0mg/kg-

control, 1000mg/kg-low dose, and 5000mg/kg-high dose). In case of Hagenia abyssinica, initially 

single dose toxicity study was carried out on four groups of rats (0mg/kg-control, 500mg/kg-low 

dose, 1000mg/kg-medium dose and 2000mg/kg-high dose). Since there were not any morbidity 

and toxicity in all groups, further limit toxicity study on extract of Hagenia abyssinica was 

conducted at doses of 0 and 5000 mg/kg using 5 rats/dose/sex. 

 

Both plant extracts were orally administered using gavage to test groups while distilled water was 

administered to control group. The volume (maximum volume 2ml/100gm body weight) of 

distilled water administered to the control group is equivalent to the volume of extract 

administrated to the highest dose group.  

  

 

3.3.2 Clinical observation and Body weight measurements 

 
The animals were observed prior to dosing, immediately after dosing for 30 minutes, and 

periodically throughout the study. Special attention was given for the first 4 hours and 

observation was made daily thereafter, for a total of 14 days, except where they were found dead 

or removed from the study and humanely killed for animal welfare reasons.  

 

All observations were systematically recorded, with individual records being maintained for each 

animal. Cage side observations included evaluation of skin and fur; eyes; respiratory effects; 

autonomic effects such as salivation, diarrhea, urination; and CNS effects, including tremors and 

convulsions, changes in the level of activity, gait and posture, reactivity to handling or sensory 

stimuli, altered strength and stereotyped or bizarre behavior.  
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Individual body weights was measured and recorded prior to administration of the extracts and 

weekly for two weeks. Weight changes were also calculated and recorded. At the end of the test 

(on day 15), overnight fasted surviving animals were weighed and humanely killed using 

anesthetic ether.  

 

3.3.3. Morphologic pathology evaluations 

Morphologic pathology evaluations were carried out on animals used for single dose toxicity 

studies of Glinus lotoides. Complete postmortum evaluations were immediately performed on 

animals that were found dead to avoid autolysis of the organs while necropsy on day 15 was 

performed on all survivors.        

A. Gross pathologic evaluations: - Gross pathologic evaluations included examination of 

the external surfaces of the body, cranial, thoracic and abdominal cavities, and any lesions 

on organs. Organs examined included brain, heart, liver, kidney, lung, spleen, testes, 

stomach, small and large intestine. All gross pathological changes were systematically 

recorded for each animal. 

B. Organ weight measurement: - Weights of brain, heart, liver, kidney, testes, and spleen 

were measured and recorded immediately after gross pathology evaluation. Relative organ 

weights (organ to body weight ratio) were also calculated and recorded for the organs.  

C. Histopathologic evaluation: - histopathological examination were performed on 

routinely prepared sections of the heart, spleen, liver, kidney, testes, esophagus, lung, 

stomach, small and large intestine of all animals used in single toxicity studies of Glinus 

lotoides. These selected tissues were fixed in 10% formalin immediately after removal 

from the animal and weighing to avoid decomposition.  Embedding in paraffin wax was 

then carried out by removal of water using alcohol dehydration and infiltration of xylene 

for clearing the tissues. Thin sections of the tissue were cut using a microtome after the 

solidification of paraffin wax and stained with hematoxylene-eosin. The tissue sections 

were subjected to rehydration by exposure to decreasing concentrations of alcohol from 

100% to 30% and then stained with hematoxylene, which has an aqueous base. The 

sections were then dehydrated using increasing concentrations of alcohol followed by 

staining with eosin. They were then treated with xylene and observed under microscope. 
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3.4. Repeated toxicity studies 

 

3.4.1. Dosing of Animals 
 

Methanolic extract of Glinus lotoides and aqueous extract of Hagenia abyssinica were 

administered orally to three groups of rats (250mg/kg-low dose, 500mg/kg-medium dose and 

1000mg/kg-high dose of Glinus lotoides; 350mg/kg-low dose, 750mg/kg-medium dose and 

1500mg/kg-high dose of Hagenia abyssinica) for 28 days while distilled water was administered 

to respective concurrent control group. The volume of distilled water administered to the control 

group is equivalent to the volume of extract administrated to the highest dose group. 

 

3.4.2 Clinical observation and Body weight measurements  
 

Detailed physical examinations, including the nature, onset and duration of all gross or visible 

toxicological effects were recorded daily for 28 days. Cage side observations of animals after 

administration of both extracts were carried out as single dose toxicity studies. Body weight was 

measured prior to dosing, weekly during the study and prior to necropsy and weekly weight gains 

were also calculated and recorded for all animals. At the end of the test, overnight fasted animals 

were weighed and humanely killed using ether anesthetics.  

 

3.4.3 Clinical Pathology parameter determination  

Immediately prior to terminal sacrifice all animals were anesthetized using ether and bled via 

cardiac puncture. Blood samples were partly used for the determination of hematology parameters 

using potassium EDTA as anticoagulant. After centrifugation at 3000 rpm (revolution per minute) 

for 5 minutes, the remaining blood was used for the determination of clinical chemistry 

parameters.  

A. Hematology: - the hematology parameter determinations were conducted on automated 

Beckman coulter counter (Act diff, South Africa).  Evaluations consisted of erythrocyte, 
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leukocyte, and platelet counts, hemoglobin concentration, hematocrit, mean corpuscular 

hemoglobin (MCH), and mean corpuscular hemoglobin concentration.  

B. Clinical chemistry: - in conjunction with each hematological examination, blood serum 

was evaluated for ALP, ALT, AST, GGT activities; and concentration of BUN, total 

serum protein, albumin, creatinine, cholesterol, glucose, calcium, sodium, and potassium. 

Standard clinical laboratory kits were used (Teco Diagnostics, CA, USA). Measurements 

of clinical chemistry parameters, except for electrolyte, were made using automated AMS 

clinical chemistry analyzer (SABA PM 4000, Rome, Italy). Measurements of sodium and 

potassium were made by Easylyte method using ion-selective Beckman coulter Na
+
-K

+
-

Cl
-
 analyzer (South Africa) while that of Ca

2+
 was made by colorimetric method using 

Human 99 plus analyzer (Human, Wiesbaden, Germany).  

 

3.4.3 Morphologic Pathology 

Morphologic pathology tests (organ weight measurements, gross and histopathologic 

evaluations) were performed in a similar way as shown under section 3.3.3 of single dose 

toxicity studies. 

 

3.5.  Statistical Analysis 

Data were expressed as mean ± Standard deviations (S.Ds). The distribution of the data (weight, 

clinical chemistry, hematology, and, absolute and relative organ weight) was assessed using the 

Bartlett test (when n = 5) and Levine’s test (when n < 5) for homogeneity of variance. Then 

subsequent statistical evaluations were performed using one-way analysis of variance (ANOVA) 

followed by Tukey test to compare the means of each dose group with the control group. The 

level of statistical significance was set at P < 0.05. Statistical analysis was done using graphpad 

Instat 
→

 and Origin 7
→

 software.  
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4. Results 

4.1. Yields of the plants 

Maceration of dried seeds of Glinus lotoides using 60% methanol for three consecutive days 

yielded approximately 10% crude extract similar to that obtained by Endale et al (1998). Upon 

macerating 120 grams of powdered flowers of Hagenia abyssinica in 2 litters of distilled water 

for 18 hours, one would obtain a yellowish suspension. However, it was difficult to filter this 

suspension using standard filter paper by vacuum filter. Therefore, the extract was filtered using 

sieve (mesh No.72) which is in accordance to traditional methods of extraction (Arragie, 1983). 

Upon freeze-drying, the filtrate yielded around 9.25 gram of dried amorphous solid. 

 

4.2. Single dose toxicity studies  

4.2.1. Clinical observation and Body weight measurements  

There were no overt signs and symptoms of toxicity in all Glinus lotoides dosed groups on the 

first day except weakness. On the subsequent days, there were distended abdomen, miosis, soft 

stool, urination, gasping sound in the abdomen and severe piloerrection in both males and females 

of high dose group while the remaining group animals became normal. Three rats (one male and 

two females) of high dose group were found dead on the 4
th

 day. Over the following days, these 

anomalies disappeared and all surviving animals became normal until termination of the study.  

As shown in Figure 4 and 5, the extract had no effect on body growth patterns of test groups as 

compared to the control animals although there was significant difference (P < 0.01) in body 

weight gain between the control and the test groups at the termination of the study (data not 

shown).  
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Fig.  4  Growth curve for Male rats administered single dose of G. lotoides extract   
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Fig. 5  Growth curve for Female rats administered single dose of G. lotoides extract 
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In single dose oral toxicity study of crude extract of Hagenia abyssinica using doses of 500, 

1000, and 2000 mg/kg, there were not any signs and symptoms of toxicity and no death 

throughout the study period. Comparison of body growth patterns (Fig. 6 and 7) and body weight 

gains (Table 5) of the test groups and the control showed no notable differences during the course 

of the study nor at the termination of the study. Therefore, instead of sacrificing these animals at 

termination of the study additional group at the higher possible dose (5000mg/kg) was tested with 

concurrent control group and monitored for any signs and symptoms of toxicity and body weight 

changes. Even at this higher dose, there was no death, none of the animals exhibited any 

behavioral changes, and no toxic signs and symptoms were observed. Thus, no morphological 

pathology examinations were conducted in all animals in single dose toxicity study of Hagenia 

abyssinica. 

 

Fig. 6 Growth curve for Male rats administered single dose of Hagenia abyssinica extract   
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Table 5. Rats’ weekly body weight gain after single dose administration of Hagenia  

                      abyssinica 

Male (n=5) Female (n=5) Dose 

Week1 Week2 Week1 Week2 

0 34.8 ± 2.68 38.8 ± 3.03 23.8 ± 2.77 23.4 ± 3.05 

500 26.8 ± 3.19 43.8 ± 3.01 17.6 ± 5.50 29 ± 1.58 

1000 42.6 ± 3.12 44 ± 6.60 25.8 ± 4.76 22.4 ± 3.91 

2000 29.8 ± 9.52 40.4 ± 6.43 23.4 ± 2.88 26.4 ± 4.72 

Fig. 7 Growth curve for Female rats administered single dose of Hagenia abyssinica extract   
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4.2.2 Morphologic pathology 

A. Gross pathology 

Gross pathological observation of dead animals at autopsy showed cysts in the stomach, small 

and large intestine and hemorrhagic abdomen while no changes was observed on gross pathologic 

evaluation of organs of the survived animals. 

 

B. Organ weights 

Absolute and relative organ weights recorded on necropsy in relation to animals in the control and 

Glinus lotoides extract treated group were shown in Table 6 and 7 for males and females 

respectively. No significant change was noted in both absolute and relative organ weight in lower 

dose males whereas few organs displayed detectable change with increasing dose (P<0.05) (Table 

7). In contrast to males, females appeared to be susceptible to effect of the extract, as they showed 

change with lower and higher doses. Moreover, organs involved were more in number and both 

absolute as well as relative organs weights were affected female population (Table 7). 

 

C. Histopathology results 
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Histopathological evaluations of the tissues from treated and control groups revealed a number of 

lesions, such as vacuolation in the cortex of the kidneys, foci of hemorrhage in alveolar spaces 

and bronchus, eosinophilic reaction in the junction of stomach and esophagus, the incidence of 

which was similar among both found dead and terminally sacrificed animals and between the test 

and control groups; and are not considered extract-related (Table 8). Therefore, there were no 

significant differences in the incidences of microscopic observations of treated group when 

compared to the controls. 
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Table 6 Absolute and relative organ weights of male rats administered single dose of Glinus lotoides  

Weight (gm) Control (n=5) 1000 mg/kg (n=5) 5000 mg/kg (n=4) 

Body Weight  146 ± 14.76  137.8 ± 10.63 127 ± 13.37 

Absolute weight 0.80 ± 0.09 0.74 ± 0.10 0.69 ± 0.06 Heart 

Per body weight (%) 0.58 ± 0.08 0.57 ± 0.06 0.59 ± 0.05 

Absolute weight 0.74 ± 0.18 0.66 ± 0.10 0.69 ± 0.04 Spleen 

Per body weight (%) 0.53 ± 0.11 0.51 ± 0.06 0.58 ± 0.09 

Absolute weight 7.25 ± 0.59 7.07 ± 0.87 5.83 ± 0.58* Liver 

Per body weight (%) 5.34 ± 0.66 5.49 ± 0.32 4.99 ± 0.27 

Absolute weight 1.30 ± 0.15 1.29 ± 0.15 1.15 ±0.17 Kidneys 

Per body weight (%) 0.94 ± 0.10 1.00 ± 0.05 0.98 ± 0.02 

Absolute weight 1.14 ± 0.10  1.13 ± 0.04 0.97 ± 0.09* Brain  

Per body weight (%) 0.81 ± 0.05 0.88 ± 0.08 0.83 ± 0.09 

Absolute weight 1.94 ± 0.20 1.63 ± 0.28 1.58 ±0.20 Tests 

Per body weight (%) 1.39 ± 0.19 1.27 ± 0.24 1.36 ± 0.23 

*P < 0.05;  
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Table 7  Absolute and relative organ weights of female rats administered single dose of Glinus lotoides  

Weight (gm) Control (n=5) 1000mg/kg (n=5) 5000 mg/kg (n=3) 

Body Weight  141.6 ± 2.07 120.4 ± 4.56 111.67 ± 17.24 

Absolute weight 0.79 ± 0.06  0.63 ± 0.09* 0.67 ± 0.15 Heart 

Per body weight (%) 0.55 ± 0.04 0.63 ± 0.10 0.66 ± 0.04 

Absolute weight 0.76 ± 0.10 0.59 ±0.06 0.68 ± 0.34 Spleen 

Per body weight (%) 0.53 ± 0.07 0.57 ± 0.07 0.66 ± 0.22 

Absolute weight 6.87 ± 0.21 5.51 ± 0.51** 5.43 ± 1.05* Liver 

Per body weight (%) 4.81 ± 0.11 5.55 ± 0.35* 5.45 ± 0.74 

Absolute weight  1.26 ± 0.12 1.04 ±0.08* 1.01 ±0.21* Kidneys 

Per body weight (%) 0.89 ± 0.08 1.06 ± 0.05** 1.01 ± 0.07 

Absolute weight 1.17 ± 0.03 1.04 ± 0.05 0.74 ± 0.82 Brain  

Per body weight (%) 0.83 ± 0.04 1.05 ± 0.1** 1.05 ± 0.15** 

 

** P < 0.01; *P < 0.05;  
b
n = 3  
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Table 8 Histopathologic results of acute toxicity of Glinus lotoides 

 

 

Number of animals showing this responses (n=5 per group) 

Control 1000 mg/kg 5000 mg/kg 

 

 

 

Histopathological findings 
Male Female Male Female Male Female 

Vacuolation in kidney cortex 1 1 0 2 2 0 

Foci of fatty changes in kidney 0 0 1 0 0 0 

Large bowel inflammation with eosinophils 0 0 0 0 1 0 

Patchy small bowel  0 0 0 0 0 1 

Eosinophils in the junction of stomach and esophagus 2 1 1 1 0 1 

Reactive spleen 0 0 0 0 0 1 

Foci of inflammation in trachea with ulceration 0 0 0 0 1 0 

Fuci of inflammation in bronchus 1 1 3 2 0 0 

Extensive hemorrhage in alveolar spaces 2 1 3 3 0 3 

The numbers stand for the number of animals showing the response. 
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4.3 Repeated dose toxicity studies 

4.3.1. Clinical observations and Body weight measurement 

Oral administration of both extract at all doses studied did not show extract-related clinical signs 

and symptoms of toxicity throughout the study period in either sex. No animals were found dead, 

all of them survived until scheduled necropsy. Comparison of body growth pattern of test groups 

and the control showed no observable differences during the course of the study nor at the final 

sacrifice (Fig. 8 - 11).  

Fig. 8 Growth curve for Male rats administered Glinus lotoides extract for 4 weeks  
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Fig.9 Growth curve for Female rats administered Glinus lotoides extract for 4 weeks 
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Fig. 10  Growth curve for Male rats administered Hagenia abyssinica extract for 4 weeks  
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Fig. 11  Growth curve for Female rats administered Hagenia abyssinica extract for 4 weeks 
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4.3.2 Hematology and Clinical chemistry 

 
Slight but statistically significant changes were observed for some clinical chemistry and 

hematological parameters in repeated dose toxicity studies of crude extracts of Glinus lotoides in 

both male and female (Table 9 - 12). The significant difference in level of albumin (P< 0.01 at 

medium dose and P< 0.05 at high dose) in male might indicate the deleterious effect of the extract 

on albumin synthetic capacity of liver. This might be further corroborated with values of other 

liver function tests (ALT, ALP and GGT). Although there were significant changes in ALP and 

GGT (P< 0.05 at medium dose), these values are within the range of reference values and did not 

follow dose-response relationship. The significant difference in BUN values in both male and 

female rats was not indicative of toxicity as (i) the creatinine was not similarly affected and (ii) it 

is uncommon to see decrease in the level of BUN in toxicity. Even though the levels of 

cholesterol were significantly different in females (P< 0.01 at both low and high dose, but not at 
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medium dose), it did not show dose response relationship and moreover these values are within 

the range of reference values.  There was significant difference in MCHC (P< 0.05 at medium 

dose) in male, and leukocyte counts (P<0.05 at medium dose) and MCH (P< 0.01 at high dose) in 

female rats. But MCH alone at high dose is not indicative of hematotoxicity and decrease in 

MCHC and leukocyte counts at medium dose were not biologically significant as they did not 

show dose response relationship and are observed in single sex only.          

 No effects on most clinical chemistry parameters were observed in repeated administration crude 

extract of Hagenia abyssinica (Table 13 - 16) in either sex except for ALT (P< 0.01), AST (P< 

0.01) and BUN (P< 0.05) in males at high dose. ALT and BUN showed slight decrease as 

compared to control animals while AST showed slight increase. In hepatotoxicity, normally there 

is a parallel increase in the levels of ALT and AST. Therefore, significant changes in ALT and 

AST could not be attributed to the toxic effect of the extract. Moreover, both values are within the 

range of reference values. The decrease in level of BUN is also not common finding in toxicity 

studies.  

There was also no detectable effect on hematology parameters upon repeated administration of 

Hagenia abyssinica in either sex except MCH (P< 0.05 at medium dose) and platelet count (P< 

0.01 at low dose) in male rats and platelet count (P< 0.05 at medium dose) in females. However, 

these findings do not follow dose response pattern hence are not biologically significant. 
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Table 9  Clinical chemistry data for male rats after repeated dosing of Glinus lotoides                            

 Control (n=5) 250 mg/kg (n=5) 500 mg/kg (n=5) 1000 mg/kg (n=5) 

ALT (IU/L) 48.12 ± 16.05 36.16 ± 7.86 32.08 ± 9.97 38.28 ± 7.18 

ALP (IU/L) 243 ± 33.96 178.6 ± 56.08 155.8 ± 24.68* 202.4 ± 43.20 

GGT (IU/L) 0.125 ± 0.28
 c
 0.075 ± 0.17

 c
 1.9 ± 1.45*

 c
 0 ± 0.00 

BUN (mg/dL) 21.8 ± 2.78 22.4 ± 0.89 19 ± 2.42
c
 16 ± 1.73** 

CREAT. (mg/dL) 0.648 ± 0.29 0.774 ± 0.42 0.564 ± 0.20 0.668 ± 0.31 

Gluc. (mg/dL) 19.57 ± 17.11
 c
 26.78 ± 17.24 35.48 ± 6.55 29.967 ± 34.70

 c
 

TP (g/dL) 8 ± 1.00 8.2 ± 0.84 8 ± 0.00 6.8 ± 1.095 

ALB (g/dL) 6.8 ± 1.00 7 ± 0.00 4.75 ± 2.48*
 c
 3.4 ± 0.548** 

CHO (mg/dL) 68 ± 10.7 63.8 ± 8.07 65.75 ± 4.86
 c
 61.2 ± 14.77 

Ca (mg/dL) 10.45 ± 0.28 9.76 ± 1.72 10.96 ± 0.87 9.56 ± 1.19 

**P<0.01; *P< 0.05; 
c
n= 4, CREAT= creatinine, Gluc. = Glucose, ALB= albumin, CHO= cholesterol, TP=Total Protein 

  

 

Table 10  Clinical chemistry data for female rats after repeated dosing of Glinus lotoides                         

 Control (n=5) 250 mg/kg (n=5) 500 mg/kg (n=5) 1000 mg/kg (n=5) 

ALT (IU/L) 51.1 ± 22.90 25.6 ± 3.741*
 c
 27.8 ± 3.215*

 c
 33.6 ± 6.945 

ALP (IU/L) 156 ± 27.27 116.2 ± 29.44 114 ± 23.72
 c
 105.8 ± 46.86 

GGT (IU/L) 0.05 ± 0.112 0 0.98 ± 0.74
 c
 1.025 ± 1.38 

BUN (mg/dL) 18.8 ± 2.17 16.4 ± 0.54 17 ± 1.83
 
 14.4 ± 2.07** 

CREAT. (mg/dL) 0.743 ± 0.34 0.509 ± 0.11 0.474 ± 0.06* 0.516 ± 0.10 

Gluc. (mg/dL) 12.7 ± 9.77 22.5 ± 9.62 30.28 ± 11.72
 c
 27.98 ± 13.96 

TP (g/dL) 7 ± 0.71 7.6 ± 0.89 7.5 ± 0.64
 c
 7.4 ± 2.24 

ALB (g/dL) 3.6 ± 0.55 3.6 ± 0.55 3.75 ± 0.55
 c
 3.8 ± 0.45 

CHO (mg/dL) 61.4 ± 7.33 79.4 ± 6.54** 72 ± 7.25 76.4 ± 6.73** 

Ca (mg/dL) 10 ± 0.76 8.65 ± 2.26 10.04 ±1.58 10.4 ± 1.37 

 

**P< 0.01; *P<0.05; 
c
n= 4 
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Table 11  Hematology data for male rats after repeated dosing of Glinus lotoides                                      

 Control (n=5) 250 mg/kg (n=5) 500 mg/kg (n=5) 1000 mg/kg (n=5) 

Erythrocyte count(10
6
/mm

3
) 7.17 ± 0.44

d
 6.74 ± 1.06 7.48± 0.25

 d
 7.34 ± 0.4

 d
 

Hematocrit (%) 43.78 ± 2.73
 d

 40.56 ± 5.70 43.83± 1.67
 d

 46.35 ± 4.04
 d

 

Hemoglobin (g/dl)  16.42 ± 2.64 14.34 ± 1.95 16.78 ± 0.86 16.2 ± 1.11 

Leukocyte count (10
3
/mm

3 
)  8.5 ± 1.68 6.18 ± 1.85 11.14 ± 6.92 8.72 ± 0.77 

MCH (pg) 21.3 ± 1.16
 d

 21.32 ± 1.84 21.63 ± 1.39
 d

 21.75 ± 1.59
 d

 

MCHC(g/L) 34.93 ± 1.16
 d

 35.38 ± 0.98 36.9 ± 0.67*
 d

 34.43 ± 0.56
 d

 

MCV (fl) 61.86 ± 1.92 60.28 ± 1.26 59.24 ± 1.50 62.92 ± 1.71 

Platelet count(10
3
/mm

3 
)   845.4 ± 283.97 778.2 ± 319.97 823 ± 185.28 838.8 ± 108.33 

 

* P< 0.05, 
d
n=4 

 

 

 

Table 12  Hematology data for male rats after repeated dosing of Glinus lotoides                                 

 Control
 e
 250 mg/kg

 f
 500 mg/kg

 e
 1000 mg/kg

 e
 

Erythrocyte count(10
6
/mm

3
) 6.59 ± 0.68 7.08 ± 1.10 4.83 ± 2.90 5.49 ± 1.66 

Hematocrit (%) 41.38 ± 4.50 44.65 ± 5.48 30.15 ± 18.60 33.38 ± 9.64 

Hemoglobin (g/dl)  14.48 ± 1.30 14.85 ± 1.01 10.45 ± 6.31 11.28 ± 3.49 

Leukocyte count (10
3
/mm

3 
)  15.08 ± 8.44 14.65 ± 13.75 4.65 ± 2.89* 5.83 ± 2.64 

MCH (pg) 22.03 ± 0.57 21 ± 1.79 21.55 ± 0.47 20.55 ± 0.61* 

MCHC(g/L) 35 ± 0.98 33.25 ± 1.68 35.3 ± 1.54 33.75 ± 2.13 

MCV (fl) 62.93 ± 0.40 63.1 ± 2.01 61.13 ± 3.84 61 ± 2.17 

Platelet count(10
3
/mm

3 
)   841.75 ± 221.87 809.5 ± 197.89 585 ± 491.25 447.75 ± 280.10 

 

*P<0.05, 
e
n=4; 

e
n=3 
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Table 13  Clinical chemistry data for male rats after repeated dosing of Hagenia abysinica                       

 Control (n=5) 350 mg/kg (n=5) 750 mg/kg (n=5) 1500 mg/kg (n=5) 

ALT
a
  54.25 ± 0.91 48.56 ± 7.8 52.94 ± 4.7 37.04 ± 1.94** 

AST (IU/L) 69.70 ± 39.80 82.13 ± 23.28 116.04 ± 25.53 174.37 ± 18.58** 

ALP (IU/L) 310.07 ± 65.59
a
 261.21 ± 15.25

a
 291.1 ± 33.94 250.60 ± 26.22 

GGT (IU/L) 0 0 0 0 

BUN (mg/dL) 28.08 ± 2.32 27.28 ± 2.90 24.09 ± 5.28 21.13 ± 3.06* 

CREAT. (mg/dL) 0.84 ± 0.10 1.00 ± 0.18 0.79 ± 0.24 0.80 ± 0.09 

Gluc. (mg/dL) 74.55 ± 18.62 106.10 ± 27.25 68.55 ± 12.12 69.71 ± 31.23 

TP (g/dL) 10.89 ± 0.90 9.92 ± 1.08 9.01 ± 1.40 10.07 ± 1.17 

ALB (g/dL) 5.04 ± 0.31 5.38 ± 0.65 4.64 ± 0.81 5.1 ± 0.57 

CHO (mg/dL) 117.13± 6.02 75.34 ± 31.94 88.16 ± 26.13 79.14 ± 25.75 

Na (mEq/L) 159.18 ± 13.06 150.12 ± 7.47 140.18 ± 36.14 158.26 ± 9.91 

K (mEq/L) 10.37 ± 2.42 8.33 ± 1.44 9.17 ± 2.96 8.34  ± 0.82 

Ca (mg/dL) 9.7 ± 0.99 10.38 ± 0.44 8.46 ± 1.69 10.7 ± 1.72 

**P < 0.01, *P < 0.05, 
a 
n = 4 

 

Table 14  Clinical chemistry data for female rats after repeated dosing of Hagenia abysinica                    

 Control (n=5) 350 mg/kg (n=5) 750 mg/kg (n=5) 1500 mg/kg (n=5) 

ALT (IU/L) 56.93 ± 20.99 50.39 ± 17.86
a
 42.63 ± 6.85 44.23 ± 17.43

a
 

AST (IU/L) 107.40 ± 19.32 92.42 ± 5.53
 b
 92.74 ± 16.75 113.56 ± 20.60

a
 

ALP (IU/L) 156.14 ± 22.93
a
 137.44 ± 23.63

a
 122.39 ± 27.49 148.38 ±  37.93

a
 

GGT (IU/L) 0 0 0 0 

BUN (mg/dL) 27.91 ± 3.01 22.00 ± 1.87 23.73 ± 6.26 24.40 ± 1.48
a
 

CREAT. (mg/dL) 0.606 ± 0.112 0.658 ± 0.121 0.66 ± 0.117 0.836 ± 0.281 

Gluc. (mg/dL) 65.66 ± 13.02
 a
 83.62 ± 44.63 80.10 ± 25.29 74.01 ± 15.62 

TP (g/dL) 9.04 ± 1.12 9.93 ± 2.36 10.9 ± 0.90 11.29 ± 1.82 

ALB (g/dL) 5.3 ± 0.524 6.38 ± 1.322 5.16 ± 0.677 5.48 ± 0.15
a
 

CHO (mg/dL) 101.44 ± 8.16
 a
 112.21 ± 38.39

 a
 97.65 ± 19.03 119.59 ± 14.38

 a
 

Na (mEq/L) 151.86 ± 5.37  150.72 ± 2.91 157.24 ± 9.39 160.36 ± 11.68 

K (mEq/L) 8.88 ± 5.37 7.38 ± 1.09 9.01 ± 1.06 9.01 ± 1.60 

Ca (mg/dL) 9.52 ± 0.88 10.00 ± 1.07 10.04 ± 1.15 10.30 ± 1.27 

 
a
n=4; 

b
n=3 
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Table 15  Hematology data for male rats after repeated dosing of Hagenia abysinica                      

 

 

 

Control (n=5) 

 

350 mg/kg (n=5) 

 

750 mg/kg (n=5)  

 

1500 mg/kg (n=5) 

Erythrocyte count(10
6
/mm

3
) 6.62 ± 1.58 8.94 ± 0.76 8.92 ± 2.48 8.48 ± 1.85 

Hematocrite (%) 54.6 ± 13.92 70.6 ± 11.08 71 ± 23.67 66 ± 16.25 

Hemoglobin (g/dl)  16.18 ± 1.08 17.4 ± 3.66 15.94 ± 3.14 17.06 ± 1.70 

Leukocyte count (10
3
/mm

3 
)  7.8 ± 1.59 8.36 ± 1.52 9.66 ± 1.15 8.32 ± 1.08 

MCH (pg) 25.14 ± 3.91 19.38 ± 2.76 18.22 ± 2.53* 20.15 ± 2.53 

MCHC(g/L) 30.74 ± 5.73 24.62 ± 2.63 23.2 ±3.69 27.52 ± 8.79 

MCV (fl) 81.12 ± 4.67 78.8 ± 5.53 78.94 ± 3.47 77.28 ± 2.89 

Platelet count(10
3
/mm

3 
)   966.2 ± 125.12 1531 ± 41 ** 1138.6 ± 133.74 1146.2 ± 140.28 

 

*P < 0.05; **P< 0.01 

 

 

 

 

Table 16  Hematology data for female rats after repeated dosing of Hagenia abysinica                             

 Control (n=5) 350 mg/kg (n=5) 750 mg/kg (n=5) 1500 mg/kg (n=5) 

Erythrocyte count (10
6
/mm

3
) 5.4 ± 1.2 7.26 ± 3.65 7.26 ± 1.68 8.5 ± 4.37 

Hematocrite (%) 41 ± 5.71 64.4 ± 26.99 53.8 ± 12.48 63.2 ± 31.0 

Hemoglobin (g/dl)  12.2 ± 1.25 13.92 ± 0.64 13.76 ± 1.43 14.46 ± 2.01 

Leukocyte count (10
3
/mm

3 
)  5.92 ± 1.40 8.02 ± 0.72 6.54 ± 1.84 7.68 ± 1.40 

MCH (pg) 23.28 ± 3.69 22.54 ± 9.23 19.56 ± 3.79 20.94 ± 10.24 

MCHC (g/L) 30.1 ± 4.06 24.4 ± 7.69 26.36 ± 4.88 27.4 ± 12.48 

MCV (fl) 77.28 ± 11.03 91.84 ± 10.63 74 ± 6.05 75.38 ± 12.48 

Platelet count(10
3
/mm

3 
)   672 ± 250.20 760.2 ± 221.16 1075.2 ± 115.53* 951 ± 217.21 

 

*P < 0.05 
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4.3.3 Morphologic pathology 

For both extracts, there were no treatment-related gross pathology findings in body cavities and in 

examined organs of either sex. There were also no meaningful changes in mean absolute or 

relative organ weights of male or female rats administered both extracts (Table 17 - 20) and the 

changes in weights of some organs was not considered treatment related because no similar 

decrease was found in both sex and the changes did not show dose-response pattern.  

 

The microscopic examinations of brain, liver, kidney, heart, spleen, stomach and intestine were 

essentially similar in all samples. There was a mild eosinophilic reaction at the esophagogastric 

junction and vacuolization in the cortex of the kidney. There was no histopathological tissue 

damage observed in all samples under light microscopic examination. 
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Table 17  Absolute and relative organ weights of male rats after repeated dosing of Glinus lotoides                                                                   

Weight (gm) Control (n=5) 250 mg/kg (n=5) 500 mg/kg (n=5) 1000 mg/kg (n=5) 

Absolute weight 1.2252 ± 0.31 1.229 ± 0.26 1.1088 ± 0.12 1.1504 ± 0.23 Heart 

Per body weight (%) 0.436 ± 0.1 0.41 ± 0.07 0.418 ± 0.08 0.4576 ± 0.10 

Absolute weight 0.396 ± 0.09 0.3682 ± 0.06 0.2944 ± 0.05 0.3366 ± 0.05 Thymus 

Per body weight (%) 0.143 ± 0.04 0.1252 ± 0.02 0.109 ± 0.014 0.133 ± 0.012 

Absolute weight 0.040 ±0.008 0.034 ± 0.01 0.037 ±0.010 0.031 ± 0.008 Adrenals 

Per body weight (%) 0.0014 ± 0.002 0.0113 ± 0.03 0.014 ± 0.005 0.0122 ± 0.004 

Absolute weight 1.032 ± 0.170 1.048 ± 0.15 0.816 ± 0.080 0.895 ± 0.162  Spleen 

Per body weight (%) 0.368 ± 0.049 0.352 ± 0.034 0.307 ± 0.030 0.353 ± 0.039 

Absolute weight 10.01 ± 1.63 10.02 ± 1.101 9.03 ± 0.78 9.07 ± 0.72 Liver 

Per body weight (%) 3.54 ± 0.26 3.37 ± 0.20 3.37 ± 0.20 3.60 ± 0.29 

Absolute weight 1.85 ± 0.27 1.96 ± 0.20 1.74 ± 0.12 1.65 ± 0.07 Kidneys 

Per body weight (%) 0.66 ± 0.04 0.66 ± 0.04 0.65 ± 0.04 0.88 ± 0.04 

Absolute weight 1.76 ± 0.08 1.79 ± 0.05 1.74 ± 0.04 1.72 ± 0.07 Brain  

Per body weight (%) 0.63 ± 0.064 0.60 ± 0.03 0.65 ± 0.06 0.69 ± 0.05 

Absolute weight 2.84 ± 0.11 2.9 ± 0.11 2.69 ± 0.10 2.77 ± 0.01 Tests 

Per body weight (%) 1.02 ± 0.11 0.98 ± 0.07 1.00 ± 0.06 1.10 ± 0.08 
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Table 18  Absolute and relative organ weights of female rats after repeated dosing of Glinus lotoides                                                                

Weight (gm) Control (n=5) 250 mg/kg (n=5) 500 mg/kg (n=5) 1000 mg/kg (n=5) 

Body Weight  214.6 ± 13.39  222.6 ± 16.74 220.2 ± 13.03 233.6 ± 12.36 

Absolute weight 0.91 ± 0.11 1.15 ± 0.19 1.02 ± 0.15 1.09 ± 0.27 Heart 

Per body weight (%) 0.42 ± 0.05 0.52 ± 0.115 0.47 ± 0.08 0.46 ± 0.10 

Absolute weight 0.53 ± 0.09 0.43 ± 0.05 0.42 ± 0.06 0.46 ± 0.15 Thymus 

Per body weight (%) 0.25 ± 0.04 0.20 ± 0.02 0.21 ± 0.06 0.18 ± 0.02 

Absolute weight 0.06 ±0.01 0.06 ±0.01 0.06 ± 0.01 0.07 ± 0.01 Adrenals 

Per body weight (%) 0.03 ± 0.01 0.03 ± 0.005 0.026 ± 0.01 0.028 ± 0.005 

Absolute weight 0.80 ± 0.07 0.98 ± 0.23 0.96 ± 0.07 0.89 ± 0.17 Spleen 

Per body weight (%) 0.37 ± 0.04 0.44 ± 0.07 0.435 ± 0.02 0.38 ± 0.07 

Absolute weight 7.22 ± 0.43 7.54 ± 1.55 7.49 ± 0.61 7.36 ± 0.92 Liver 

Per body weight (%) 3.37 ± 0.19 3.36 ± 0.43 3.40 ± 0.15 3.14 ± 0.34 

Absolute weight 1.44 ± 0.08 1.38 ± 0.18 1.39 ± 0.11 1.28 ± 0.01 Kidneys 

Per body weight (%) 0.67 ± 0.061 0.62 ± 0.04 0.63 ± 0.05 0.55 ± 0.04** 

Absolute weight 1.71 ± 0.04 1.68 ± 0.06 1.54 ± 0.47 1.68 ± 0.02 Brain  

Per body weight (%) 0.80 ± 0.04 0.76 ± 0.06 0.70 ± 0.21 0.72 ± 0.03 

Absolute weight 0.13 ± 0.01 0.12 ± 0.01 0.15 ± 0.04 0.13 ± 0.02 Ovaries 

Per body weight (%) 0.06 ± 0.005 0.06 ± 0.002 0.07 ± 0.02 0.062 ± 0.01 

 

** P < 0.01 
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Table 19  Absolute and relative organ weights of male rats after repeated dosing of Hagenia abysinica                                                             

Weight (gm) Control (n=5) 350 mg/kg (n=5) 750 mg/kg (n=5) 1500 mg/kg (n=5) 

Body Weight  240 ± 18.53 258.4 ±4.72 264.8 ± 16.39 253.6 ± 14.15 

Absolute weight 1.14 ± 0.24 1.09 ± 0.22 0.98 ± 0.09 1.04 ± 0.19 Heart 

Per body weight (%) 0.47 ± 0.09 0.42 ± 0.08 0.37 ± 0.04 0.41 ± 0.09 

Absolute weight 0.23 ± 0.47 0.35 ± 0.07 0.33 ± 0.04 0.34 ± 0.05 Thymus 

Per body weight (%) 0.12 ± 0.01 0.14 ± 0.03 0.126 ± 0.01 0.134 ± 0.02 

Absolute weight 0.03 ± 0.004 0.03 ± 0.006 0.034 ± 0.006 0.034 ±0.01 Adrenals 

Per body weight (%) 0.013 ± 0.003 0.012 ± 0.003 0.013 ± 0.0024 0.013 ± 0.0048 

Absolute weight 0.82 ± 0.13 0.95 ± 0.10 0.81 ± 0.07 0.84 ± 0.09 Spleen 

Per body weight (%) 0.34 ± 0.05 0.37 ± 0.035 0.30 ± 0.015 0.33 ± 0.04 

Absolute weight 8.64 ± 1.17 8.73 ± 0.56 9.14 ± 0.83 8.58 ± 1.21 Liver 

Per body weight (%) 3.60 ± 0.33 3.38 ± 0.21 3.46 ± 0.29 3.37 ± 0.36 

Absolute weight 1.70 ± 0.27 1.88 ± 0.14 1.92 ± 0.03 1.58 ± 0.13 Kidneys 

Per body weight (%) 0.71 ± 0.07 0.73 ± 0.05 0.73 ± 0.04 0.61 ± 0.04** 

Absolute weight 1.55 ± 0.38 1.75 ± 0.07 1.87 ± 0.10 1.72 ± 0.14 Brain  

Per body weight (%) 0.65 ± 0.15 0.68 ± 0.04 0.68 ± 0.06 0.68 ± 0.044 

Absolute weight 2.72 ± 0.18 2.67 ± 0.14 2.87 ± 0.27 2.69 ± 0.21 Tests 

Per body weight (%) 1.14 ± 0.08 1.04 ± 0.05 1.09 ± 0.15 1.06 ± 0.09 

**P<0.01 
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Table 20  Absolute and relative organ weights of female rats after repeated dosing of Hagenia abysinica                                                          

Weight (gm) Control (n=5) 350 mg/kg (n=5) 750 mg/kg (n=5) 1500 mg/kg (n=5) 

Body Weight  201.8 ± 17.24 207.6 ± 6.84 208.8 ± 12.38 209 ± 16.28 

Absolute weight 1.02 ± 0.16 0.83 ± 0.07* 0.84 ± 0.09* 1.01 ± 0.16 Heart 

Per body weight (%) 0.51 ± 0.09 0.40 ± 0.03 0.40 ± 0.03 0.48 ± 0.05 

Absolute weight 0.48 ± 0.08 0.47 ± 0.06 0.40 ± 0.08 0.44 ± 0.10 Thymus 

Per body weight (%) 0.24 ± 0.033 0.23 ± 0.03 0.19 ± 0.041 0.21 ± 0.04 

Absolute weight 0.06 ±0.011 0.06 ± 0.004 0.048 ± 0.011 0.064 ± 0.034 Adrenals 

Per body weight (%) 0.029 ± 0.007 0.028 ± 0.001 0.023 ± 0.006  0.030 ± 0.015 

Absolute weight 0.848 ± 0.17 0.759 ± 0.04 0.731 ± 0.16 0.872 ± 0.27 Spleen 

Per body weight (%) 0.420 ± 0.07 0.366 ± 0.02 0.353 ± 0.09 0.412 ± 0.11 

Absolute weight 6.94 ± 0.95 6.77 ± 0.82 7.36 ± 0.46 7.96 ± 0.69 Liver 

Per body weight (%) 3.43 ± 0.18 3.26 ± 0.33 3.52 ± 0.07 3.80 ± 0.084** 

Absolute weight 1.38 ± 0.21 1.35 ± 0.07 1.45 ± 0.10 1.42 ± 0.09 Kidneys 

Per body weight (%) 0.68 ± 0.05 0.65 ± 0.05 0.695 ± 0.012 0.685 ± 0.07 

Absolute weight 1.76 ± 0.09 1.73 ± 0.09 1.69 ± 0.106 1.59 ± 0.31 Brain  

Per body weight (%) 0.87 ± 0.05 0.83 ± 0.03 0.81 ± 0.06 0.77 ± 0.17 

Absolute weight 0.134 ±0.021 0.116 ±0.017 0.122 ±0.016 0.134 ±0.018 Ovaries 

Per body weight (%) 0.067 ± 0.012 0.056 ± 0.008 0.059 ± 0.007  0.064 ± 0.010 

**P<0.01, *P<0.05 
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5. Discussion 

5.1. Extract yield and equivalent traditional dose 

When botanical formulation is prepared through modern extraction methods, it is helpful to have 

information on equivalency of the proposed product to that used traditionally or historically in 

terms of the daily amount and dose recommended (Kuei-Mengwa et al, 2004). Traditional mode 

of administration of Glinus lotoides is to orally consume about 20 grams of the whole powdered 

seeds as suspension in ‘tella’ and this amount is believed to remove the tapeworm completely 

from the intestine of the patient (Kloos et al, 1978; Djote 1978; Endale et al, 1997; Endale et al, 

1998). From this study and previous work by Endale et al (1997), it was found that the yield of 

methanolic extract of Glinus lotoides is roughly 10%. Therefore, dose for average 70 kg person 

could be 2 gram or 28.6 mg/kg of the crude extract. However, Endale et al (1997) suggested that 

570 mg or 8.1 mg/kg, a value less than the traditionally used dose by more than three times, of 

methanolic extract of Glinus lotoides has found to be effective human dose. 

 

Traditionally, 23.6 grams (range 15-49.9 grams) of dried flowers of Hagenia abyssinica is 

formulated into 6% aqueous suspension and taken orally by the population (Kloos, 1976). The 

average 70 kg person dose could, therefore, be 337 mg/kg (range 214.3 – 714.3 mg/kg) of the 

whole plant material. But from present study, the yield of aqueous extract of Hagenia abyssinica 

was found to be about 9.25%. Thus, the equivalent human dose of this extract is 31.1 mg/kg 

(range 19.8 – 65.9 mg/kg). 

5.2. Dose selection 

Usually acute (single dose) toxicity is carried out on laboratory animals by using high dose 

(sufficient to produce death or morbidity) of the substance in question and/or based on previous 

report on toxicity of structurally related compounds. There was no previous report on toxicity of 

Glinus lotoides except few preliminary safety pharmacology tests. These preliminary safety 

pharmacology studies on the extract of Glinus lotoides had indicated that the extract did not have 

effect on blood pressure, heart rate or the ECG of anesthesized rabbits, bile production in guinea 

pigs, or contraction of frog isolated heart after oral administration (Arragie and Chernishov, 1977; 

Chernishove, et al, 1978). Therefore, only two dose levels, the limit dose (usually a dose of 

5000mg/kg is considered limit dose in single dose toxicity study) and another low dose 

(1000mg/kg), were selected in single dose toxicity studies of Glinus lotoides. None of the animals 
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died in both control and low dose groups while there were deaths of three animals on the fourth 

day of the study in the high dose group, i.e., 30% of the animals out of ten animals died during 

the study. Therefore, LD50 of the crude extract of Glinus lotoides could be greater than or equal to 

5000 mg/kg. However, Endale et al (1997) had reported an LD50 of 4.5g/kg while Desta (1995) 

reported around 1.9gm/kg in mice. 

But in the case of Hagenia abyssinica, due to the popular thinking of toxicity of the plant, 

particularly from the names of ingredients-kosotoxin, a maximum dose of 2000mg/kg with other 

two lower doses were selected in its single dose toxicity studies. But at these doses there were no 

observable toxic signs and symptoms in animals throughout the studies. Hence, further single 

dose toxicity study of Hagenia abyssinica extract was carried out at limit dose (5000mg/kg) with 

concurrent control animals.  Even this dose did not induce any signs of toxicity and death in rats 

and also had no effect on body weight of the test animals. This finding suggests that the LD50 of 

the crude extract might be greater than 5000 mg/kg. Desta (1995) reported LD50 value of 

2.35g/kg in mice. In this study single dose of aqueous extract of Hagenia abyssinica is considered 

safe at all studied doses in rats. 

 

Dose selection for repeated dose toxicity studies was based on the results of single dose toxicity 

studies. During single dose toxicity studies it was observed that Glinus lotoides and Hagenia 

abyssinica were safe at dose of 1000 and 5000 mg/kg respectively. Usually a dose of 1000mg/kg 

is considered as limit dose in repeated dose toxicity studies. Therefore, this limit dose was used in 

repeated dose toxicity study of Glinus lotoides in the high dose group. Since there was no any 

toxicity in single dose toxicity study of Hagenia abyssinica at limit dose (5000mg/kg), the high 

dose for repeated dose study was arbitrarily increased by 50% of the limit dose (to 1500 mg/kg) 

in order to see the effect of the extract at very high dose upon repeated dose toxicity study. Thus, 

these repeated dose oral toxicity studies were conducted at doses of 0, 250, 500 and 1000 mg/kg 

for crude extract of Glinus lotoides and at 0, 350, 750 and 1500 mg/kg for crude extract of 

Hagenia abyssinica.  

 

5.3. Effect of the extracts on selected organs 

Toxic agents may affect liver, kidney, gastrointestinal tracts, heart and other major organs and 

impair their physiological functions. These effects can be detected and/or quantified by 
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measurement of the activities of enzymes in tissues and body fluids (Malomo, 2000), by 

crosschecking the normally expected functions of these organs, for example in excreting waste 

products like blood urea nitrogen and creatinine, and also by determining their ability to filter and 

reabsorb the body-needed threshold substance like electrolytes. Tissue enzyme assay can also 

indicate tissue cellular damage long before structural damage can be picked by conventional 

histological techniques. Such measurement can also give an insight to the site of cellular tissue 

damage as a result of assault by the potential toxic agent on repeated exposure. 

 

Analysis of the toxic potential of a chemical agent on target organs is incomplete without gross 

and histopathologic evaluation. It is also accepted that all functional studies in toxicology should 

be coupled with appropriate morphologic pathology studies. The biological rationale behind 

analyzing both body weight and organ weight to body weight ratio (relative organ weight) is that 

in the majority of cases, except for brain, the organs of interest in the body change with weight in 

proportional to total body weight (Hothorn and Hajian, 1999). Hence, they are normally 

investigated to determine whether the size of organ has changed, particularly in relation to the 

weight of the whole animal as indicator of adverse effect of chemicals on that organ. In these 

studies, the effects of both extracts on major organs were discussed as follows. 

 

A. Effect of the extract on the nervous system 

 

The nervous system is an extraordinarily complex network of cellular connection. It forms the 

structural basis of recognition, perception, memory, speech, locomotion, and feeling. It has two 

parts; the central nervous system (brain and spinal cord) and peripheral nervous system (which 

has somatic and autonomic components). All parts of the nervous systems could be the potential 

target of toxic agents. Because behavior is the final output of the nervous system, it provides the 

most meaningful endpoint for studies of toxicant induced neurotoxicity. Thus, cage side 

functional observation batteries (FOBs) are valuable tools in the assessment of neurotoxicity. 

FOBs could reveal the state of alertness, reflex coordination, muscle tone, motor performance 

(gait, grip strength, and balance), and a search for specific abnormal signs (tremor, seizure, 

lacrymation, urination, or fecal incontinence, poor grooming, agrresiviness, etc). This was further 

correlated with the morphologic neuropathology. 
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Although few FOBs, such as miosis, urination, and piloerrection, were observed in high dose 

group animals during the first four days in single dose toxicity studies of Glinus lotoides, these 

observations had disappeared on the subsequent days. The disappearance might be attributed to 

the reversibility of the effect on nervous system or due to the effect of the extract on other organs 

(e.g. GIT) as CNS plays coordination roles. Further more, both weight and histologic evaluation 

of brain did not reveal any significant difference among the groups except in high dosed males 

and females. But the significant difference in brain weight in high dosed males (P<0.05) and 

brain relative weight in treated females (P<0.01) was not corroborated with histologic evaluation. 

Both FOBs of neurotoxicity and morphologic evaluation of brain did not reveal significant 

differences among the groups in repeated dose toxicity study of Glinus lotoides. Therefore 

nervous system in particularly brain might not be the target organ in both single and repeated 

dose toxicity study of Glinus lotoides extract. 

 

Although Tsega et al (1978) had reported the neurotoxicity of Hagenia abyssinica in mice, 

Arragie (1978) observed that there was no behavioral or neurological effects of Hagenia 

abyssinica upon oral administration to mice while intraperitonieal injection showed depressive 

changes in behaviors and neurological functions. He suggested that the reason why oral route 

produced no toxicity is due to the absence of systemic absorption of the active principle or 

principles of kosso. In present experiments the same negative finding was observed in rat during 

both single and repeated dose toxicity studies at all dose levels. Since in-life clinical observation 

of rats throughout the studies of both extracts did not show observable behavioral toxicity. This 

was further confirmed by the absence of morphologic changes on brain.   

 

B. Effect of the extracts on liver 

 

Because of its functional roles and position in the body, liver is the major target organ of toxicity. 

It is the first organ that comes into contact with enterally absorbed chemicals. Injury to the liver 

may affect the integrity of hepatocyte leading to the release of membrane bound enzymes (e.g. 

ALT and AST), damage to hepatobiliary system thereby causing the release of essential enzymes 

in hepatobiliary systems (e.g. GGT and ALP), and/or impair the biosynthetic and catabolic 

capacity of the liver (e.g. cholesterol, glucose, protein and/ or albumin). In addition to these 
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biochemical markers, a morphologic damage of the liver can contribute to the diagnosis of liver 

injury. Toxic damage to liver cells presents histologically as degenerative alterations of the cell 

(e.g. necrosis) or as abnormal storage, usually of fat (steatosis), often accompanying one another. 

Cholestasis can be seen microscopically in the form of bile deposite, as a yellowish discoloring of  

the hepatocytes, or as deposites in the bile capillaries between the individual hepatocytes (Feuer 

and DiFonzo, 1992). 

 

Even though there were significant decrease in absolute weight of the liver of male rats between 

extract treated and contol group in single dose toxicity study of Glinus lotoides, there was no 

siginificant effect on relative weight and both gross and microscopic evaluation of liver did not 

show any lesion. In females, there were significant decrease in both absolute and relative organ 

weight at medium dose and only absolute weight was decreased at high dose but not relative 

weight showing inconsistence. Besides, relative weight is more indicative of toxicicty than 

absolute weight and there were no detectable effect on gross and histologic evaluation of liver in 

all groups.   Therefore, liver might not be the target of single Glinus lotoides extract.  

 

In repeated dose toxicity study, there were no clinically significant differences in biomarkers of 

liver toxicity (ALT, GGT, ALP, AST, cholesterol, glucose, and protein and/or albumin) between 

control, and Glinus lotoides and Hagenia abyssinica treated group and also both gross necropsy 

and liver weight, except in levels of ALT, ALP, and GGT in males and levels of ALT and AST 

(P<0.01) in female treated with high dose of Hagenia abyssinica (P<0.01). But in males these 

changes do not follow dose response pattern. The significant difference observed in Hagenia 

abyssinica treated females was not extract related since in hepatotoxicity the levels of ALT and 

AST increase whereas in this finding there were decrease in ALT and increase in AST. The 

nonhepatoxoxicity of Hagenia abyssinica was further confirmed by the absence of gross and 

histopathologic lesions. Thus, both extracts are not hepatotoxic at all doses and liver is not the 

target organ of toxicity for both extracts. 

 

Previous studies also did not reveal any hepatotoxicity of Hagenia abyssinica on repeated 

administration to rodents. Schoental and Coady (1968) had shown that Hagenia abyssinica did 

not cause hepatic damage after feeding the plant material to rats for a period of one month or less. 
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Tsega et al (1978) also observed nonhepatotoxicity of crude extract in mice fed Hagenia 

abyssinica for a period of 6 months and absence of synergetic effect of Hagenia abyssinica when 

given to mice pretreated by high dose of paracetamol.   

 

C. Effect of the extracts on kidneys 

 

The kidney plays a key role in the body by functioning as an integrating and regulatory organ that 

maintains the homeostasis of the exracellular fluid and the pH of blood in normal physiological 

range by excreting metabolic wastes like blood urea nitrogen and creatinine and regulating the 

threshold of electrolytes (e.g. bicarbonate, phosphate, potassium, sodium, and chloride). Thus, 

nephrotoxic potential of a xenobiotic is strongly related to its ability to interfere with these normal 

biochemical processes and affect functional units of the kidney. 

In single dose toxicity study of Glinus lotoides, there were no significant differences in both 

absolute and relative weight of kidneys among males while females showed significant 

differences in kidneys absolute weight (P<0.05 at both doses) and relative weight (P<0.01 at high 

dose). But this significant difference was not confirmed by both gross and microscopic evaluation 

of the kidneys. Therefore, it was difficult to say single high dose of Glinus lotoides is toxic to 

kidney in females. This could be further verified in repeated dose toxicity study. 

 

Slight statistical significant differences observed in creatinine and BUN during repeated dose 

toxicity study of Glinus lotoides were not biologically significant. Since decrease in concentration 

of BUN (P< 0.01 which was seen in both males and females of high dose group) is not common 

indicator of toxicity and increase in activity of GGT (P<0.05 which was seen in males at medium 

dose) was not dose response related. This was further verified by the absence of any morphologic 

lesions and significant difference in kidneys weight among the groups. Therefore, kidney might 

not be the target organ of Glinus lotoides toxicity. 

In repeated dose toxicity study, the observed difference in the levels of BUN and creatinine were 

also not biologically significant in Hagenia abyssinica extract administered rats and also levels of 

electrolytes were not both statisitically and biologically significant. Therefore, this extract might 

not be nephrotoxic and this was further confirmed by the absence of significant differences in 

kidneys weight, gross and microscopic lesions between the control and test groups. 
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D. Effect of the extracts on the heart 

 

Heart is a remarkable organ that provides the driving force to distribute blood to meet the needs 

of peripheral tissues, which is the sole function of the cardiovascular system. Pumping capacity 

and automaticity of heart are the potential targets for toxins to exert their deleterious effects. 

Therefore, cardiotoxic agents could cause disturbance of automaticity and/or severe irreversible 

cell injury (myocyte necrosis).  

In both single and repeated dose toxicity studies of Glinus lotoides, there were no biological 

significant differences in absolute and relative heart weight and there was also no observable 

gross and microscopic lesion. Thus, heart is not the target organ for Glinus lotoides toxicity. 

Whereas, in the repeated dose toxicity studies of Hagenia abyssinica the statisitical significant 

differences observed in relative heart weight in females (P<0.05 at low and medium dose) was 

not biologically significant as it did not follow dose-response relationship. Hence, heart might 

also not be the target organ for both extracts. 

 

E. Effects of the extract on adrenal gland 

 

The adrenal gland has two major parts; the adrenal medulla and adrenal cortex. Adrenal medulla 

secretes epinephrine and norepinephrine while the adrenal cortex secretes mineralocorticoids and 

glucocorticoids. Thus, adrenal cortex is a polyfunctional sterogenic organ whose failure could 

lead to significant and deleterious changes in electrolyte (controlled by mineralocorticoids) and 

carbohydrate (regulated by glucocorticoids) metabolism. Chemical induced adrenal lesions can 

cause specific biochemical and morphological changes. From repeated dose toxicity studies of 

both Glinus lotoides and Hagenia abyssinica, the levels of serum electrolyte and glucose were not 

significantly affected as compared to the control group and there were no significant difference in 

absolute and relative weight of adrenals in extract-treated and control groups of both sexes. 

Furthermore, gross pathology did not show any lesions in adrenal glands. Therefore, both extracts 

have no effect on adrenal glands on repeated administration to rats.   
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F. Effects of the extracts on gastrointestinal tract 

 

Gastrointestinal tract (GIT) harbors tapeworms; therefore, it is the site where most of the 

pharmacodynaimic actions of both modern and traditional anthelmintics take place.  Seeds of 

Glinus lotoides have been shown to have 10% saponines as principal constituents (Endale et al, 

1998). Although saponines are poorly absorbed, due to their action as a detergent they 

concentrate in lipid layer of the cell membranes of the gastric and intestinal epithelium, which is 

damaged. This causes severe local irritation which may enhance the permeability via damage to 

the GIT wall (Westendorf, 1999).  

During single dose study of methanolic extracts Glinus lotoides, gross morphologic examinations 

showed cysts in GIT at dose of 5000 mg/kg on autopsy examination. But these findings were not 

accompanied by histopathological findings upon microscopic analysis of both dead and 

terminally sacrificed animals. Therefore, a single high dose of Glinus lotoides has no effect on 

GIT. Gross pathologic evaluation revealed that there was not any lesion of the GIT upon repeated 

administrations of both extracts 

.  

Histopahtologic evaluation in repeated administration of both extract did not reveal any 

observable damage of the GIT in all groups, except mild eosinophilic reaction at esophagogastric 

junction. Mild eosinophilic reaction could be attributed to the damage induced by gavage as it is 

common in both treated and control groups. Therefore, both extract has no effect on GIT upon 

microscopic examinations. 

 

G. Effect of the extracts on thymus and spleen 

 

Thymus and spleen are primary and secondary lymphoid tissues where blood cells are formed and 

destroyed. Thymus is a gland where T-cells are nurtured and matured, and its size is highest 

during puberty and in disease states. The spleen is the largest organ where mainly lymphocytes 

are formed exclusively in adulthood. Effects of chemical can compromise their role in immune 

function. In the standard toxicity studies, indicators of immunotoxicity include unexpected 

changes in hematologic parameters (e.g. leukocytes), serum globulin or total protein/serum 

globulin ratios, findings in gross pathology (e.g. thymic involution), weights and/or 
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histopathologic changes in lymphoid tissues (e.g. thymus and spleen), and increased incidence of 

infections or tumors (Kunder, 2004). In these studies, leukocyte counts, serum protein and 

albumin (both indirectly shows serum globulin, i.e., serum globulin = serum total protein – serum 

albumin), absolute and relative weights of both lymphoid organs (thymus and spleen) were not 

biologically significantly different between control and treated groups following administration of 

the extracts of both plants. Microscopic evaluation of spleen also did not show any damage 

induced by both extracts. These show both extract are not toxic to thymus and spleen and hence 

they are not immunotoxic. 

 

H. Effect of the extracts on hematology 

Measurement of hematocrit (packed cell volume), hemoglobin, red blood cells counts can be used 

to determine anemia which could be due to a decrease in the total number of erythrocytes, or 

diminished concentration of hemoglobin per erythrocyte (MCHC), or reduced average red blood 

cell size (MCV), or reduced hemoglobin amount per erythrocyte (MCH). In these studies, the 

levels of all red blood cell indices (MCH, MCHC, and MCV), total erythrocyte count, hematocrit, 

and hemoglobin were not significantly different following repeated administration of both 

extracts. Therefore, both extracts did not cause anemia in the tested animals of both sexes.  

There were no biologically significant differences in the counts of leukocytes and platelets; 

therefore, repeated administration of Glinus lotoides might not cause granulocytopenia, 

granulocytosis, thrombocytopenia, and thrombocytosis. The same negative finding was observed 

for Hagenia abyssinica administration except in males where platelet counts is statistically 

significant (P<0.01) at high dose which might be indicative of thrombocytosis in males..  

 

I. Effect of the extracts on testes and ovaries 

Both testis and ovary are the gonads in mammalian reproductive systems. They serve dual 

purpose; production of sperm and egg, and secretion of male and female sex hormones, 

respectively. Although not conclusive, weight, gross and histology of testis and ovary are the 

parameters mostly used to assess reproductive capability of mammals. Fore example, in many 

mammals, the size of testis correlates positively with daily sperm production and agents that 

damages the oocytes will accelerate the depletion of the pool and can lead to reduced fertility in 
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females. Histologic evaluation of seminiferous tubules of testis can establish cellular integrity and 

provide information about the process of spermatogenesis.  

In single dose toxicity of Glinus lotoides there was no statistically detectable difference in the 

morphololgy parameters (weight, gross and histologic) between the control and treated groups. 

Thus, acute dosing of the extract has no effect on testes. Morphologic pathology of ovary was not 

done in acute toxicity study of Glinus lotoides. Repeated dose administration of extracts of both 

Glinus lotoides and Hagenia abyssinica did not reveal any statistically significant differences in 

all gross morphologic evaluations of testes and ovaries among the control and treated groups. 

Hence, repeated administrations of both extract have no effect on these reproductive organs. 

 

5.4. Miscellaneous effects of the extracts 

Growth patterns of animals in both single and repeated dose studies of both extracts had showed 

almost parallel dose response with their respective controls. Therefore, there could be no 

deleterious effect of the extracts on growth of the tested animals. Changes in the levels of 

glucose, albumin and total protein are also important indicator of certain disease states. For 

example, increase in serum glucose (hyperglycemia) indicates diabetes. As there was no 

significant difference in the level of serum glucose between the groups following administration 

of both extracts, the extracts have no diabetogenic potential.  Decreased levels of albumin or an 

increased level of globulin indicates chronic inflammation, liver disease, infection etc. Increased 

globulin level mainly indicate inflammatory process since globulin mainly immunoglobulins 

which participate in inflammatory process increase. In these studies, the levels of total protein and 

albumin were not significantly different among group but there was significant decrease in 

albumin levels in Glinus lotoides treated groups. But these values are within the range. Thus 

decrease in albumin may not indicate of inflammation. But in case of Hagenia abyssinica treated 

groups, the levels of both total protein and albumin were not affected; therefore no effect on 

globulin levels. Therefore, there was no chronic inflammation upon repeated administration of 

both extracts. This is further confirmed by the absence of significant differences in the level of 

leukocyte.  
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6. Conclusion 

Oral administrations of both extracts were well tolerated by the rats. Both extract do not have 

effect on nervous system, respiratory system, and other physiological functions of animals of 

either sex during both single and repeated dose studies. The extracts had also no effects on body 

growth, organ weights, and hematological and clinical chemistry parameters. Gross and 

histopathologic examinations of major organs did not show detectable lesion. Therefore, none of 

the organs could be the target organ of toxicity following single and repeated dose toxicity studies 

of both extracts and the extracts appear to be safe in rats. These findings could provide 

satisfactory preclinical evidence of safety to launch clinical trial on standardized formulation of 

plant extracts.    
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Suggestions for further works 

1. Toxicokinetic study has to be conducted to see whether these crude extracts are 

appreciably absorbed into systemic circulation using both in vivo and in vitro models. 

2. Standardization of crude extract of Hagenia abyssinica needs to be conducted.  

3. Further repeated dose toxicity study in non-rodent species needs to be carried.  

4. Genotoxicity study using different genotoxic test batteries needs to be conducted. 

5. Reproductive and developmental toxicity study has to be conducted as traditionally our 

people use them mainly during pregnancy and prenuptial period and these critical period 

are period of fetal development and child bearing potential. 

6. Controlled clinical trials need to be conducted using normal volunteers.   
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