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[bookmark: _TOC_250058]ABSTRACT

‘Kanwa' is the local trade name for varieties of evaporites that are formed from evaporation and precipitation of minerals containing body of water. They are locally used extensively by the traditional healers, nomads and house wives of Northern Nigeria to treat diseases, as supplement to animal feeds and as additive to some foods and herbs concoctions. This research was aimed to document medicinal information through field survey in five selected local government area of Kaduna state and validate the claims through some biological studies. A survey was carried out on five most commonly used evaporites namely farar kanwa, jar kanwa, ungurnu, manda and duste danlibya with the view to establish characteristic features which may be useful for their correct identification and to validate their medicinal uses. The ethnomedical survey had shown that all the samples were well known by the respondents and were largely used for medicinal purpose as indicated by high informant consensus factor, use values and fidelity levels. The elemental analysis revealed the presence of Ca, Mg, K, Na, Fe, Zn, Pb, Cl, PO4, SO4, HCO3,and NO3 at various concentrations in ppm. Na content was greater in farar kanwa, jar kanwa, and ungurnu and all pH values were found to be between 8.7 to 10.6. Therefore, evaporites are classified as natron and dutse danlibya and manda as polyhalite. The acute oral toxicity (LD50 ) had shown neither mortality nor sign of toxicity at 2000 mg/kg. Biochemical parameters namely aspartate amino transferase (AST), alanine amino transferase (ALT), alkaline phosphatase (ALP), total bilirubin, conjugate bilirubin and total proteins were all found to have no significant differences (p > 0.05) from the control group. Jar kanwa and dutse danlibya were found to be very soluble in water and non-hygroscopic, ungurnu was found to be very soluble in water, slightly hygroscopic. Farar kanwa and manda were found to be soluble in water and hygroscopic. Significant (p < 0.05) and dose dependent analgesic activities were observed when

compared with control group. Jar kanwa showed the highest percentage (83.66%) protection of animals from abdominal writhes, followed by farar kanwa (76.73 %), Dutse danlibya (75.74 %), ungurnu (72.77 %) while manda (56.93 %) had the least activities. Farar kanwa, jar kanwa and ungurnu inhibited the growth of Staphylococcus aureus, Escherichia coli, Bacillus subtilus and Salmonella typhi. The result of the antimicrobial activity indicated by zone of inhibition of growth ranged from 10 mm to 23 mm. Farar kanwa was more potent against Bacillus subtilus (Zone of inhibition = 18 mm), jar kanwa was more potent against Staphylococcus aureus (23 mm) and ungurnu was more potent against Staphylococcus aureus (Zone of inhibition = 22 mm). The farar kanwa showed the lowest minimum inhibitory concentration (MIC) value of 25 mg/ml on Staphylococcus aureus, Escherichia coli, Bacillus subtilus and 50 mg/ml on Salmonella typhi and minimum bactericidal concentration (MBC) value 50 mg/ml and 100 mg/ml. jar kanwa and ungurnu showed lowest minimum inhibitory concentration (MIC) value of 50 mg/ml on Staphylococcus aureus, and Salmonella typhi, 25 mg/ml on Salmonella typhi. And 12.5 mg/ml on Bacillus subtilus.jar kanwa and ungurnu showed minimum bactericidal concentration (MBC) value of 25 to 100 mg/ml. In conclusion the present studies had established the physical characters; analgesic and antimicrobial properties of the five evaporites evaluated which justified their uses in Hausa and Fulani traditional medicine as pain killer and antimicrobial agents.
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1.0 [bookmark: _TOC_250052]INTRODUCTION

1.1 [bookmark: _TOC_250051]Minerals in Traditional Medicine

Minerals are inorganic substances, present in all body fluids and tissues and their presence is necessary for the maintenance of certain physicochemical processes which are essential to life (Soetan, et al., 2010). Minerals and their products have constituted part of the inventory of medicinal substances used in various cultures since ancient times (Riddle, 2002; Lev, 2003; Stapleton, 2007; Hamarneh, 1980). The ancient Egyptians had been using natron and other sodium salts, for 7000 years, both as an important part of the momification process and for salting food (Warren, 2005).


Recent publications (Demirhan, 2014) have shown the importance of minerals in various socio- cultural environments around the world, and examples of the use of minerals-derived remedies can currently be found in many urban, semi-urban and more remote localities in all parts of the world (Walston, 2005).The use of a complete range of natural resources containing chemicals including plants, animals and mineral components is a common practice in traditional medicine. Across the world, there is great awareness on the importance of medicine and healing based on natural ingredients rather than synthetic chemical ingredients (Jegede, 2012). Majority of people treat various diseases and promoted health using mineral substances (Razak et al., 2011). Minerals are used in variety of form, for example, it is gargle for earache and throat ache (Abdül Wahid, 2004). Salt mixed with water is rubbed on skin to treat dandruff and wart. Onion and salt is pounded and this mixture is rubbed on the wound in the form of poultice to ease healing and prevent blood loss (Parman, 2002).

 (
100
)
1.2 [bookmark: _TOC_250050]Minerals in Orthodox Medicine: The Past and the Present

Minerals are chemical constituents used by the body in uncountable ways. Although they provide no energy, they have important roles to play in both traditional and orthodox medicines (Soetan, et al., 2010; Eruvbetine, 2003). Elements being the basic building blocks of our lives are involved in all life processes and have been recognized as beneficial and useful in the medical field (Sekhon and Gandhi, 2006). Every living matter requires inorganic elements or minerals at different quantity for their normal life processes (Ozcan, 2003). Minerals or inorganic substances (minerals, metals, and stones) were used for medicinal purposes from early times and in many different cultures (Carretero et al., 2006, Lev, 2002). Most minerals may contain macro (major) or micro (trace) and ultra-trace elements. The macro-minerals are required in amounts greater than 100 mg/dl and the micro-minerals are required in amounts less than 100 mg/dl (Soetan, et al., 2010). Other complexes which are inorganic in origin that made impact on modern medicine include aluminum for the treatment of syphilis in Early 1900s (Bhupinder, 2011) and are still in used. A large number of minerals are used as active ingredients in pharmaceutical preparations as well as in cosmetic products (Carretero and Pozo, 2010). Modern manuals of materia medica, pharmacopeias and other historical records state that minerals have been used extensively in medicine over the years to treat a number of disease conditions (Thompson, 2010; Gordon, 2000; Kremers and Urdang, 1996). Halite is a major feedstock to the pharmaceutical and other chemical manufacturing industries, as are several other varieties of minerals (Warren, 2005). Some constituents in minerals are important ingredient for treatments of epilepsy and migraine (Demirhan, 2014).

1.3 [bookmark: _TOC_250049]Evaporites in Medicine

Recently, there is a growing interest and preference in many areas of human health care for treatments involving natural means. This involves distinct methodologies, such as: phytotherapy, hydrotherapy, mudtherapy, thermotherapy, etc. Whenever naturotherapy involves minerals for instance, special clays, special sands and rock salt or other mineral resources it could be named geomedicine (Gomes and Silva, 2001). Prominent among useful medicinal minerals are evaporites (kanwa). Evaporites are defined as salt rocks that were originally precipitated from a saturated surface or near surface brine by solar evaporation (Warren, 2005). This encompasses a wide range of chemically precipitated salts and includes alkali earth carbonates.


1.4 [bookmark: _TOC_250048]Hausa and Fulani Traditional Medicine

Hausa people are the dominant inhabitant of the northern Nigeria. The Hausa tribe is a heterogeneous group with various ethnic origins, mainly Habe (‘non-Fulani’ is a Fulani term, used for describing the ruling group in Hausa land before the Fulani jihad), this shows a close relationship between Hausa and Fulani (Ulrika, 2002). The Hausa and Fulani people, who today exceed twenty million are found mainly in the northern part of Nigeria and southern part of Niger republic (Echard 1991), an area referred to as Hausa land.


The Hausa and Fulani of Northern Nigeria have organized system of traditional medicine which is closely related and originated from Islamic prophetic medicine. The practices of traditional medicine in these cultures utilize both natural products (plants, animal parts and minerals) and spiritual/metaphysical aspects.

1.4.1 [bookmark: _TOC_250047]Hausa and Fulani perception on illness and medicine

Hausa believe that ciwo (illness) may be attributed to a variety of etiological factors. In a general sense, any illness may be attributed to God, the ultimate source of all that happens. Certain environmental factors, most importantly sanyi (cold) and rana (heat), are believed to cause much illness. Illness may be attributed to personal attack, either by mayu (witches), iskoki (spirits), or a rival who has obtained harm inducing medicines (Stock, 1981). The Hausa conception of health (lafiya) involves far more than the absence of disease. Lafiya is a general state of physical and social well-being (Stock, 1981).


The Hausa term for medicine (magani) is used to represent the totality of ways in which man attempts to manipulate his disorganized, conflict-ridden real world to bring it closer to health (lafiya), the organized ideal universe. The charms containing Qur’anic verses (laya) used to bring good fortune and protection against spirit-induced illness are as much medicine (magani) as any herbal remedy used to treat the symptoms of a particular illness (Stock, 1981). Traditional health practitioners from northern Nigeria especially Hausaland are referred to as mai maganin gargajiya (traditional medicine men) or yan tsibbu (dibbu ), the word dibbu is of Arabic origin meaning “medicine or curing diseases” yan tsibbu includes those people using some verses or chapters from the holy book either recites to expirate (tofi), write to drink (rubutun sha), hatimi and dalamusai (specific writings facular to them), surkulle (incantation), and laya (talisman) (Yahaya, 1991). The spiritualist “bokaye” and the yan bori are the most commonly known practitioners in Hausa society before the arrival of Islamic culture. The boka was a herbologist and subsisted on collecting and selling medical herbs, advice and others. It was common for the boka to be a farmer of his own medicinal herbs (Mussein, 1981). The boka was not a spiritual

healer; medicine relied on herbs and was only used for minor ailments such as headaches or upset stomachs. Spiritual healing was carried out by a 'yan bori. The 'yan bori, on the other hand, is another window into the Hausa past, but is a spiritual rather than an herbal healing practitioner. The 'yan bori would pray and perform rituals to spirits based on the patient’s ailment. The 'yan bori believed in spiritual possession and though they had many named spirits to govern over the world, they also believed in nameless spirits which could possess a man and must be cleansed from his body (Last, 2011).


1.4.2 Materials and Methods of Hausa and Fulani Traditional Medicine

1.4.2.1 Talisman / amulet (laya/danmmara):

Layu are leather pouch charms containing folded pieces of paper on which Koranic verses and symbols have been written. Individual charms are made for protection from specific illnesses or other types of misfortune. in particular, laya are used to ward off iskoki (spirits). Infants, children and even adults often wear as many as a dozen layu, reflecting the need for protection or the aim of bring good fortune curing diseases, protection or any other purposes like fast and easy business boom, financial success, wealth creation, and upliftment from poverty to riches, luck, love issue, seeking husband/wife and marriage matters, competition, court case, exams issue etc. The word laya comes from a word al-aya meaning verse from holy Qur’an but not necessary what was written must be from the holy book, sometimes hatimi or dalamusai can be used including powdered plant materials (Abdullahi, 2014). Talismans have been used for thousands of years and were believed to ward off evil and heal certain medical conditions. (Robert, 2006).



1.4.2.2 Imbibing the words (rubutun-sha)

Rubutun-sha or simply rubutu ("writing") is an ink solution prepared by washing a writing board (Allo) inscribed with therapeutic verses from the Qur’an. After washed clean with water and the afflicted person drinks the resulting liquid to cure diseases sometimes spiritual stuff included (Abdullahi, 2014). Rubutu may be drunk or applied topically as treatment for almost any illness, or taken as a preventative medicine. It is routinely used as a general tonic and as a "social medicine" by people striving for popularity, traders seeking commercial success, the pious striving for enlightenment, and so on (Last, 2005).


1.4.2.3 Astrologer or Numerologist (bugun alkalami)

These are people that study movements and relative positions of celestial bodies and their supposed influence on human affairs. They use stars to read and predict on the major events of one’s life like education, health, trips, career, financial prospects, marriage, children, and many others (Abdullahi, 2014).


1.4.2.4 Divine healing or Sooth sayers (bugun kasa / yan duba)

They are form of healers, who predict the future (Last, 2005). The diviners use sacrifices to appease the gods and goddesses in order to proffer solutions on same one (Oriji, 2015).


1.5.2.5 Prayer (rukiyya)

This is a method of healing people possessed by spirit (iska) in their body through quranic recitation. They have their special clinics (Abdullahi, 2014).

1.4.2.6 Incantation (surkulle)

This is a charm or spell created using words. An incantation may take place during a ritual, either a hymn or prayer, and may invoke or praise a deity (Abdullahi, 2014).


1.4.2.7 [bookmark: _TOC_250046]Spiritualist or magician-healer (boka)

The boka also referred to euphemistically as diviner or mai tsafi. They are well known and respected traditional healers in Hausaland. They use spirits in their medications, control communication between spirits and mankind, they give advice to people and they give medicine for many ailment etc. is regarded as a very powerful healer, but one who is as liable to use his powers for evil purposes as for good (Fleischer, 1974). These medicines may be ingested for the treatment of illness, or made into a laya (talisman) which is worn as a protective device. The illnesses treated by the boka are generally serious ones believed to be caused by supernatural forces and that management of these illnesses is beyond the competence of amateurs.


1.4.2.8 General herbalist (magori)

Magori is believed to be known traditional medicine practitioners specialized in herbs, minerals, animal part. They also incorporate laya, rubutu, prayer etc. they are normally move around within town and villages with their bag and stick selling medicines, they always flattering their medication. They are known by saying “magani saida gwaji” (medicine needs trial) etc. (Abdullahi, 2014).

1.4.2.9 Traditional Birth Attendants (unguwan zoma / sarguwa)

The unguwan zoma is an old woman who specializes in all aspects of child delivery and the post- partum care of the mother and infant. Hausa tradition prescribes forty days of special care under the supervision of the unguwan zoma, during which the mother must stay inside on a heated bed, regularly take very hot baths, and eat specially prepared foods containing much kanwa (natron) (Stock, 1981). This treatment is designed to ensure the production of sufficient good quality breast milk, and that protection from sanyi (cold) is afforded at this time of maximum danger (Darrah, 1997). The unguwan zoma may have to perform various surgical procedures during delivery or in the treatment of certain neonatal conditions such as heart palpitations. She usually has a considerable knowledge of herbal medicines used in the treatment of women's and children's illnesses. In northern part of the country, TBAs are usually females. TBAs occupy a prominent position in Nigeria today as between 60-85% of births delivered in the country and especially in the rural communities are by TBAs (Oriji, 2015).


1.5.2.10 Traditional Surgeon (wanzami)

The wanzami performs a number of minor surgical tasks like circumcision (kaciya), removal of whitlow (dan kankare), cutting of uvular (belu), removes bad blood by cupping (kaho),lancing (sakiya),spulls teeth, tribal marks, and treats specific infant diseases for which blood-letting is perceived to be necessary like ear-piercing (Stock, 1981). It is even one of the ugly cultural practices in the community as it can easily result to infections.

1.5 [bookmark: _TOC_250045]Source, Distribution and Uses of Kanwa

1.5.1 [bookmark: _TOC_250044]Source and Distribution of kanwa in Nigeria

In Nigeria, kanwa deposits are found in some locations around North eastern part of Nigeria particularly at Boga and Manga in Borno state, Gashua, Machina, Nguru and Yumusari in Yobe state, Zuno Song, Mayo-Balwa in Taraba state, and Alkaleri, Gamawa, Kirfi in Bauchi State, extending to border countries like Chad and Niger (Omajali, 2010). The deposit in the basins was found in many forms as hard beds at the middle and bottoms of the old lakes or disseminate through the sand in the upper part. Also it is found as efflorescence crust on the surface of the soil, and can be found in brine water at some basins (Abdelaati et al., 2014). The deposit is recoverable depending on the availability of rainfall and underground water (Idris et al., 1996).


1.5.2 Local uses of kanwa

Kanwa has become a multipurpose as a major food supplement in most rural and urban home areas including food industries in Nigeria, as well as medicine (Omajaliet al., 2010). Every home uses kanwa as food supplement or as medicine in human and animals. It had significance for use as medicines, culinary purposes, tanning of leather, and other uses (Paul, 2011). It has been taken as a medicine in humans for many ailments long time ago in Northern Nigeria, like gastrointestinal problem, skin infection, respiratory problem, reproductive problem, endocrine disturbances etc (Alawa et al., 2000).


The deposits of kanwa are used as salt licks for animals and the salt earth could be marketed for animal’s nutrient supplements (Paul, 1986).   It is mostly taken orally by nursing mothers in pap to boost breast milk (Ekanem, 1977). Traditionally, these kanwa is used by TBS as an aid in

childbirth, postnatal care and employed in the treatment of menstrual disorders (Alawa et al., 2000). It is used in decoctions for the treatment of reproductive ailments such as retained placenta and difficulty in urination (Paul, 1986).


Local medicinal knowledge credited the different types of kanwa with specific properties: some were milder and better for children and elders, while others were useful in pregnancy. In addition, farar kanwa, jar kanwa and varieties of it were used in various mixtures to treat dandruff, problems related to pregnancy, eye disorders, infertility, and as an ingredient in herbal concoctions (Paul, 2011).


The standard Hausa millet porridge, for example, could be made with various grades of farar kanwa, ngurnu, and jar kanwa salt (Stemler, 1975). Kanwa is extensively used in the tanning industry and in the preparation and enhancement of flavor of local beverages and snuff (Buchanan and Pugh, 1969). The main domestic use of these indigenous salts is cooking tough food materials such as beans and maize utilizing their ability to fasten the softening and the digestive property of the food (Omajali, et al.,2010). In addition, the salts are extensively used in food preservative to hinder growth of microorganisms that cause food spoilage (Uzogara et al., 1990). Boiling leafy vegetable with kanwa minimizes losses of importance minerals and tenderise the leaves and make it more attractive by conserving the attractive green colour found in the fresh vegetable (Richard, et al., 2000). It is used extensively in ethnoveterinary practices for the treatment of skin diseases and digestive problems (Alawa et al., 2000). However, farar kanwa was also used in making local soap known as “sabulunsalo” that is used in bathing.

1.6 [bookmark: _TOC_250043]Statement of Research Problem

1) Evaporites (kanwa) are used in traditional medicine with little or no scientific validation.

2) Evaporites have complex/ambigous identities

3) The safety of using evaporites as food/medicine is not fully established

1.7 [bookmark: _TOC_250042]Justification

Natural inorganic compounds with biological activities are extensively used in treatment of many diseases and are of great interest both as natural products and precursors for synthetic compounds (Suárezet al., 2011). In Nigeria, many species of minerals have been used for medicinal purposes since colonial times, with widely disseminated therapeutic alternatives available throughout the country (Moura and Marques, 2008). Many people still use mineral- derived medicines as an alternative or supplement to western health care. Modern medicine utilizes a variety of Earth materials for ingestion, ranging from alum to zeolites, for palliative and curative purposes. Human consumption of salt and pulverized limestone are quite common. The purpose for taking in these natural materials includes ameliorating nutrient deficiency, illness, and detoxification (Ulli, 2011). Therefore, scientific validation of the ethnomedical claims on some evaporites and evaluation of their potentials are of great significance.

1.8 [bookmark: _TOC_250041]Aim and Objectives

1.8.1 [bookmark: _TOC_250040]Aim of the Study

The overall aim of this study is to validate the use of some evaporites (kanwa) in traditional medicine through ethnomedical survey and some biological studies.



1.8.2 [bookmark: _TOC_250039]Objectives of the Study

i. To document the perception of Hausa and Fulani tribes on some commonly used evaporites namely farar kanwa, jar kanwa, ngurnu, dutse danlibya and manda.
ii. To establish the safety or otherwise of the different evaporites(kanwa) using animal experimental model.
iii. To provide rationale for the local use of evaporites as medicinal agents for management of pains, stomach problems and antimicrobials
.

[bookmark: _TOC_250038]CHAPTER TWO

2.0 [bookmark: _TOC_250037]LITERATURE REVIEW

2.1 [bookmark: _TOC_250036]Common evaporites

” Evaporites” is the term applied to extremely soluble salt minerals that form in the precipitation stage immediately before total dryness. The most common evaporite minerals found include halite (NaCl), thenardite (Na2SO4), and mirabilite (Na2SO4.10H2O) (Kenneth et al., 1992). More others including gypsum (CaSO4.2H2O), calcite (CaCO3), bloedite (Na2Mg(SO4)2.4H2O), burkeite (Na2CO3(SO4)2), and nahcolite (NaHCO3) also exist (Kenneth et al., 1992). All evaporites are ionic salts containing the major ions Na, Ca, Mg, K, Cl, SO4, and CO3 in varying proportions, along with other less common ionic constituents such as B, Ba, Sr, Br, Li and I in varying amounts (Warren, 2009). Mineralogy and order of salts precipitating in concentrating brine is controlled by the ionic make-up of the parent water (Hardie and Eugster, 2000).


2.2 Composition of Evaporites (kanwa)

Kanwa occurs as complex mixtures of different substances with sodium constituting about 30% and other minerals such as, carbonates, sulphate etc. in varying proportions (Palmer et al., 1997), with trace amounts of calcium, magnesium, iron, zinc, sulphur, chlorine, silicon, phosphorus, potassium and aluminum (Makanjuola & Beetlestone, 1975). Some kanwa contain over 60% of sodium carbonate (RMRDC, 2008).


The composition of the kanwa varies widely since it is a naturally occurring mixture of salts, but mostly contains Na2CO3, NaHCO3, NaCl and Na2SO4, in varying proportions. (Sanderson et al.,2000; Ikram and Dodson 1998). It has been shown (Paul, 2011) that kanwa salts from Nigeria

are rich in Na+, Cl-, NaSO4, Na2CO3, KCl, CaCO3, Na3PO4, K2SO4, and CaSO4 invarious concentrations. Some kanwa salts contain virtually no sodium carbonate or sodium sulfate and consists primarily of sodium chloride and potassium chloride, with smaller amounts of calcium carbonate, potassium sulfate, and calcium sulfate (William, 1999). Edwards et al (2007) analyzed eight samples by the Raman spectroscopic analyses. The analysis clearly indicates that the kanwa specimens are of indefinite composition, comprising sodium sulfate and sodium carbonate, with several containing Na2CO3 and gypsum.


2.3 Kanwa as Food Addictive

Unless otherwise noted, gishiri and manda are translated as salts and the mixtures with predominant sodium carbonate content as 'natron'. The tastes of these salts differ, and this property was probably the basis of the most important distinctions between the various salts which were used in food and medicine (Paul, 1986). Unlike the distinction between sea salt and commercial salt in western cuisine where taste is not usually considered. Hausa proverb demonstrates the taste factor by saying: “hanci bai san dadin gishiri ba”, 'the nose does not know the taste of salt. The smell and taste of the various salts were subtle and important. Because the various kinds of salt were not always available, consumers could not always choose one salt over another. Kanwa is used in preparing kunu and tuwo, and there were many special dishes as well which required kanwa rather than salt (gishiri) (Paul, 1986). The best quality white kanwa from Borno and Yobe (farin kanwa or kwaras kwaras) was used in making ground bean cakes thickened with water and mixed with pepper (dan wake). A slightly poorer quality kwaras kwaras could be used in making pap (kunun kanwa), usually made of millet or sorghum. Kunun kanwa was thought to be healthy for nursing mothers. Also kanwa could be added to

zogale, rama leaves to diminish the sour test. Kunu, danwake and other dishes could also be made with red natron (jar kanwa). Bean dishes in particular were made with kanwa, rather than salt, because, it is believed that kanwa takes the fat out of the beans. The best quality kanwa which came from the eastern shores of Lake Chad is used in making birabisko millet, wheat, rice, or sweet potatoes boiled in water. Kayan yaji, (spices), is prepared from pepper, citta (ginger), mai koko, kimba pepper, and red kanwa, which were ground up. Fankaso (Katsina: algaragis) was a wheat cake boiled in oil and seasoned with tamarind and kanwa. It was estimated an adult consumes an average of 4.5 kg per person per year of kanwa (Paul, 1986).


2.4 Kanwa as Medicinal Agent

Minerals are used in a wide range of everyday healthcare products. Common products such as kaolin, calcite, magnesite, talc, quartz, calcium supplement all rely on minerals for their beneficial health properties. In addition, various clays are used in antacids, gypsum in Plaster of Paris. Pumice is the abrasive in natural pumice stone and Lava soap, extracts from coal are used in dandruff shampoos, fluorine in fluoridated water and toothpastes, and salt (halite) has been used as an antibacterial agent and as a food preservative for millennia. Epsom salt (epsomite) is found in most every household. Baking soda (trona) is a well-known antacid used medically (Robert, 2006).

[bookmark: _TOC_250035]CHAPTER THREE

3.0 [bookmark: _TOC_250034]MATERIALS AND METHODS


3.1 [bookmark: _TOC_250033]Materials

1. Questionnaire: Opened and closed ended

2. Digital camera: Samsung Cullmann 420

3. Tape recorder: LG 221 and Field notebooks

4. Atomic Absorption spectrometer (Thermo. Fisher Scientific)

5. Mohs Hardness Scale: available in Geological survey institute Kaduna

6. Swiss albino mice: One hundred and forty (140) Healthy male and female Adult mice (17- 25g) obtained from Department of Pharmacology and Therapeutics.
7. Evaporite samples: farar kanwa, jar kanwa ungurnu, duste Danlibya, manda.

8. Clinical isolates: Bacillus subtilis, Staphylococcus aureus, Escherichia coli and Salmonella typhi obtained from Department of Microbiology, Ahmadu Bello University Zaria..
9. Reagents and Drugs: Formalin 10 %, 0.6% Acetic acid (Searle Essex, England), methylated spirit (Premium Castel Chemical Company Limited), distilled water, normal saline, Aspirin 300 mg/kg (Sigma chemical Co. St Louis, USA) and ciprofloxacin 10 µg.

3.2 [bookmark: _TOC_250032]Collection, Identification and Authentication of Evaporites

Evaporites (kanwa) samples (farar kanwa, jar kanwa, ungurnu, duste danlibya and manda) were purchased at Sabon Gari main markets from minerals (kanwa) seller. They were re-identified by different mineral (kanwa) seller (dankoli) who have been in practice for many years. The kanwa samples were transported in polythene bags in hygienic way. The samples were then authenticated at minerals laboratory by a Mineralogist of the Department of Geology, Ahmadu Bello University Zaria.


3.3 [bookmark: _TOC_250031]Ethno-medical survey

The survey was conducted during the period from 18th January, 2015 to 14th August, 2015. Before commencement of the survey, general information was collected about the study area as well as types of TMPs available and general people around and their cultures. The data was collected following the standard guidelines of ethno-medical survey. A total of 384 people were selected according to Kreijie and Morgan (1972). All respondents were permanent residents of the study area. Respondents were selected on the basis of whether they gave an affirmative imformation when asked about medicinal use of evaporites (kanwa).


3.3.1 [bookmark: _TOC_250030]Sampling Design

Kaduna state was selected for the study, it has a population of 6,066,562 (NPC, 2006) with twenty three (23) local government areas (LGA’s) out of which five (Zaria, Sabon Gari, Kudan, Makarfi, Ikara) were selected based on the availability of traditional practitioners and culture of the people.

3.3.2 [bookmark: _TOC_250029]Study area

Kaduna State is located in the North of Nigeria, and lies between Latitudes11o 34’ and 9o 01’North of the equator and longitude 6o11’ and 8o49’ east of the Greenwich meridian. Kaduna State shares its boundary with Katsina State to the North, Niger and Abuja at the West, Plateau State to the South and Kano State to the East as shown by the map below (fig. 1).

[image: ]

Figure 1 Map of Nigeria showing Kaduna State. Source: Modified from Administrative Map of Nigeria 2015

The survey was conducted in five (5) selected Local Government Areas (LGAs) of Kaduna State, Nigeria as shown by the map below (fig. 2). The Local Governments were selected based on: unique in terms of common language (Hausa and Fulani being the dominant ethnic groups), traditional medical practitioners and cultural values.

[image: ]

Figure 2: Map of the Study Areas. Source: Modified from Administrative Map of Nigeria 2015


The predominant tribes in all these areas were Hausa and Fulani and others (ZEMDA, 2015). Both LGAs are in the guinea savannah region with temperature range of 22.7° December to January during the Harmattan to as high as 28-30° in April.

[bookmark: _TOC_250028]3.3.3. Sampling technique

The sampling procedure used is multistage and purposive sampling. From the selected five Local Government Areas (LGAs), four villages were randomly selected from each LGA to make a total of 20 villages. At least nineteen respondents were selected from each village and four other people were also selected. Therefore a total numbers of respondents interviewed were (384).


3.3.4 [bookmark: _TOC_250027]Study population

The study population constitutes mainly herbalist, farmers, nomads, traditional surgeon, traditional barber, bone setters, spiritualist, blacksmith, minerals sellers, traditional birth attendance, hunters, house wife, sarkin ruwa, yan tauri traditional items sellers, and other traditional healers.


3.3.5 [bookmark: _TOC_250026]Sample size

Since the study areas have total population of more than 100,000, a total of 384 sample size was selected based on Kreijie and Morgan (1972) sample size selection table.


3.3.6 [bookmark: _TOC_250025]Procedure for data collection

At the commencement of the survey permission was obtained from each village head. A clear understanding was made with the people surveyed that their intellectual property rights as to the information supplied will not be violated if the results lead to any economic benefits. A brief view of the objectives of the study in the local language of the respondents was given.

As the survey proceeded, confidence was built to the respondents so that the person interacted spontaneously and also snowball was used to identify other medical practioners. During the survey period, the ethno-medicinal information was collected through the open and closed ended questionnaire according to (Maundu, 1995 and Cotton, 1996) and through recording some of the conversation. The information of each evaporite (kanwa) was recorded along with the local name, nature, mode of usage, medicinal uses, mode of preparation, routes of administration etc. Each respondent was visited two to three times in order to verify the authenticity of the information obtained. Socio demographic data was also recorded which include: sex, age, marital status, tribe, educational status and occupation. All information in relevant to data collection was carefully written down. During the survey, the respondents were also requested to pick the evaporites (kanwa) from our container best on their knowledge for clear and proper identification.


3.3.7 [bookmark: _TOC_250024]Administration of questionnaire (instrument for data collection)

The questionnaire was translated and back translated into Hausa (local language) before administration. The instrument was validated by an expert in public health department. Reliability was established by administering the instrument on respondents in samara community with the same social background, norms and values using test re-test procedure. Ethno-medicinal information on the evaporites (kanwa) was obtained by consulting the above mentioned study population. In depth interviews were carried out with some traditional medical practitioners to support information obtained from the questionnaires. The questionnaire was divided into two sections. Section (A) socio-demographic data such as: sex, age, marital status, tribe, educational status and occupation. Section (B) information on ethnomedicinal uses, local names, identity and

type of diseases cured. The questionnaire was translated and interpreted orally in the local language and responses filled into the questionnaire after each interview. Participants were assured of confidentiality and their responses only meant for research purposes.


3.3.8 [bookmark: _TOC_250023]Quantitative analysis

The identity, local names, nature, ethno-medicinal uses, mode of preparation, and route of administration of various evaporites (kanwa) were mentioned. The results were presented and analyzed further on the basis of data collected.   The uses of evaporites (kanwa) were evaluated by calculating use value (UV), informant consensus factor (ICF), and fidelity level (FL).

3.3.8.1 Use values UV: are computed for each evaporites (kanwa) to provide a quantitative measure of its comparative significance to the informants or a quantitative method demonstrating the relative importance of each evaporites, (Arip et al., 2015). UV was determined by the equation:

[image: ]


where, ‘UVe ’ indicates the use value of a particular evaporites, ‘UV is the number of uses mentioned by the informants for that particular evaporites (kanwa) , ‘ns ’ is the total number of informants participated in our study, ‘i ’ informants

The main objective of UV determination is to find out the degree of ethnomedical uses for a particular evaporites (kanwa). High UV value indicates the broad acceptance of those particular evaporites (kanwa) for a particular therapeutic use. Application of the use-value of each type is based objectively on the importance attributed by the respondents and does not depend on the opinion of the researcher.

3.3.8.2 Informant consensus factor (ICF) was used to measure the homogeneity of the information for a specific evaporites (kanwa) to cure a specific diseases or to estimate the level of agreement between respondents over which evaporites (kanwa) to use for each disease category (Canales, 2005). The lowest and highest values of ICF can be 0.00 and 1.00, respectively. A value near zero indicates a high variation in the use of evaporites, if minerals are chosen randomly, or if respondents do not exchange information about their use. Values near 1 indicate a high intra-cultural consensus. ICF was determined using the equation:
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Where, ‘Nur’ refers to the total number of use reports for a particular ailment category, and ‘Nt’ is the total number of items used for this ailment category. Several diseases were sorted out into a broad ailment category depending on similarity for the ease of the distribution of the evaporites (kanwa).



3.3.8.3 Fidelity level  (FL) expresses the priority of an evaporites over the others in the management of a particular ailment and was determined using the following formula:
FL=Ip/Iu×100	3
Where, ‘Ip ’ is the number of informants stating the use of a particular evaporites (kanwa) for a particular ailment category while‘Iu’ is the number of informants stating the use of those particular evaporites (kanwa) for any sort of ailment category.
Higher FL value indicates more frequent use of a given evaporites (kanwa) for treating a particular ailment category by the informants.

3.4 Physical Constants Determination

3.4.1 [bookmark: _TOC_250022]Organoleptic Identification

Samples of kanwa were examined under day light with the aid of hand lens, the shape and colour were noted. The samples of kanwa were crushed into powder and placed in a small beaker with a continuous inhalation of the air over it to perceive and the distinct odor or smell were noted. The samples of kanwa were then masticated for at least 10 to 30 second and the taste was noted.


3.4.2 [bookmark: _TOC_250021]Determination of cleavage/fracture, luster and hardness

The cleavage/ fracture was determined by breaking the evaporites while hardness was determined according to Moh’s-scale method


3.4.3 [bookmark: _TOC_250020]Solubility Test

Solubility was determined according to European Pharmacopoeia (2005), for this test a maximum of 111 mg of substance and a maximum of 30 ml of deionized water was used. This involved vigorous shaking of the mixture for 1 min and placed in a constant temperature device (water bath), and maintained at a temperature of 25.0 ± 0.5 °C for 15 min. Careful observation was made on the substance if completely dissolved or not, shaken was repeated for 1 min and tube kept on the constant temperature device for 15 min (European Pharmacopoeia, 2005). The sample was described as very soluble if 100 mg completely dissolved in 0.1 ml, freely soluble if 100 mg is completely soluble in 1.0 ml, soluble if 100 mg is completely soluble in 3 ml, sparingly soluble if 100 mg is completely soluble in 10 ml, slightly soluble if 10 mg of powdered samples was completely soluble in 10 ml of solvent, very slightly soluble if 1 mg of sample was soluble in 10 ml of solvent.

3.4.4. [bookmark: _TOC_250019]Extractive Value of Evaporites (kanwa)

The method described by Abdelaati et al. (2014) was adopted with modification. Sample (100 g) was accurately measured and dissolved in 3 liters of deionized water and left for 24 hrs for the soluble part to dissolve, the solutions was clarified with filtration to remove silica and insoluble materials. The clear solutions were evaporated in a hot water bath to produce pure evaporites crystals.


3.4.5. [bookmark: _TOC_250018]Hygroscopicity Test

According to European Pharmacopoeia (2005), this method was carried out on a substance that complied with the test for loss on drying or water content of the monograph. The method gives an indication of the degree of hygroscopicity rather than a true determination.
i. Vessel and stopper was measured to a constant weight which was noted as m1.

ii. Sample (2g) was introduced into the vessel and weighed as m2.

iii. The vessel without stopper was placed in a desiccator at 25 °C containing NH4Cl solution. It was allowed to stand for 24 h. then stoppered and weighed as m3.
Percentage increase in mass Δm% was determined using the expression below:
[image: ]

The result was interpreted as deliquescentif sufficient water was absorbed to form a liquid,

very hygroscopic if increase in mass was equal to or greater than 15%, hygroscopic if increase in mass was less than 15% and equal to or greater than 2%, slightly hygroscopic if increase in mass was less than 2% and equal to or greater than 0.2%.

3.5 [bookmark: _TOC_250017]Elemental Analysis of Evaporites (kanwa)

Determination of kanwa constituents was carried out according to the standard methods of analysis, analytical reagent and standard solutions. This elemental analysis was carried out on the powdered samples to determine the major anions and cations with their concentrations that may be present in the evaporites (kanwa). The analysis was carried out using atomic absorption spectra (AAS) and titration method for anions at department of soil sciences, division of agricultural college (DAC) Ahmadu Bello University Zaria.


3.6 [bookmark: _TOC_250016]Biological Assay

3.6.1 [bookmark: _TOC_250015]Acute oral toxicity study (LD50)

Acute toxicity studies were conducted using organization for economic cooperation and development (OECD) guideline in mice (OECD Test Guideline 425) (AOT), 2001). The limit dose test, up and down procedure was adopted to evaluate the acute toxicity of the evaporites (kanwa) samples following oral administration in mice. A total of thirty (30) mice were randomly selected and divided into six groups each of five mice. They are maintained in the laboratory for 7 days to allow for acclimatization to the laboratory conditions. Group 1: control, Group 2-6: treated with 2000 mg/kg each of farar kanwa, jar kanwa, ungurnu, dutse danlibya, and manda respectively.


Prior to treatment, mice were fasted 4 h but allowed free access to water. A mouse from each group was picked, weighed and dosed orally with a limit dose of 2000 mg/kg body weight of the freshly prepared evaporites (kanwa) then food was further withheld for 2 h. Another animal from

the same group was given the same dose of the evaporites (kanwa) until all the animals in the group were fed with the same dose of the evaporite (kanwa).


Observations was done on each animal for every 15 min in the first 4 h after dosing, every 30 min for 6 h and daily for 48 h for the short-term outcome each time for instant death and then watched for the successive 24 h for the short-term toxicity outcome and finally for the next 13 days for any delayed toxic effects. The toxicity observed include increased motor activities, rolling, writhing, depression, behavior pattern, diarrhea, sleep, coma, etc. the time of onset, disappearance and length of recovery period from toxic symptoms were systematically recoded if any. At the end of the test surviving mice are weighted the then scarified using shape blade, blood, liver and kidney were carefully removed for further analysis.


3.6.2 [bookmark: _TOC_250014]Body weight determination

Individual weight of animalwas determined shortly before the test substance is administered and at least weekly thereafter. Weight changes were calculated and recorded.


3.6.3 [bookmark: _TOC_250013]Collection of blood and organ samples

The mice were sacrificed on the fourteen day of the experiment and blood samples were collected via carotid artery into non EDTA (ethylenediaminetetraacetic acid) bottles, the blood samples were centrifuged at 3000 rpm for 5 min to obtain serum for biochemical analysis (biochemical analysis). The vital organs kidneys and liver were carefully excised and fixed in 10% formalin for histopathological examinations.

3.6.4 [bookmark: _TOC_250012]Histopathological assay

Formalin (10 %) was used to preserved hepatic and renal tissue samples of kanwa dosed mice and controls were processed in the same way. The processing consisted of an initial 2 step fixation comprising tissue immersion in 10 % buffered formalin for two hours each, followed by removal of fixative in distilled water for 30 minutes. Dehydration was then carried out by running the tissues through a graded series of alcohol (70 %, 90 %, and 100 %). The tissue was initially exposed to 70% alcohol for 30 minutes followed by 90 % alcohol for 1 hour and then two cycles of absolute alcohol, each for one hour.


Dehydration was then followed by clearing the samples in several changes of xylene. It consisted of tissue immersion for an hour in a mixture comprising 50 % alcohol and 50 % xylene, followed by pure xylene for one and a half hours. Samples were then impregnated with molten paraffin wax, then embedded and blocked out. Paraffin sections (4–5 µm) were stained with hematoxylin and eosin, the conventional staining technique (Underwood, 2000).


Stained sections were examined for necrosis, apoptosis, inflammation and vascular changes in renal tissue. The hepatic tissue was evaluated for any alterations in the architecture, portal or lobular inflammation, sinusoidal dilatation and congestion along with presence of granulomas, degeneration, necrosis and fatty change.

3.6.5 The biochemical analysis (liver enzymes activities)

For biochemical analysis, the parameters determined were aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), total bilirubin, conjugate bilirubin and total protein using commercially available kits (RANDOX, United Kingdom) and an auto biochemical analyzer machine (Rayto). The analyses were carried out at department of chemical pathology, Ahmadu Bello University Teaching Hospital (ABUTH) Zaria.


3.6.6 Tests for Analgesic Properties

3.6.6.1 Acetic acid-induced writhing in mice (abdominal constrictions)

The evaporites and the standard drug were administered to the animals orally in all the experiments. This test was conducted employing the method described by Koster et al. (1959). This involved six groups of five mice each. Group 1 was administered 10 ml/kg orally with distilled water (negative control). Group 2 was administered 300 mg/kg of body weight orally with aspirin (positive control). Groups 3, 4, 5, and 6 were administered 1000, 500, 250, 125 mg/kg orally sample dissolved in distilled water respectively.


One hour after each evaporites administration, each mouse was injected with 10 ml/kg of body weight intraperitoneally (i.p) aqueous solution of acetic acid (0.6 %). The number of writhes occurring between 5 and 20 min after acetic acid injection was recorded. The analgesic effect was expressed as the percentage reduction of writhes in treated mice compared to those in the control.

[image: ]The percentage of writhing (abdominal constrictions) was calculated using the following formula:


The percentage inhibition of writhing (abdominal constrictions) was calculated using the following formula:
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3.6.7 Antimicrobial Assay for evaporites

3.6.7.1 Test Organisms

The test organisms used for this analysis were clinical isolates of bacteria isolated from the stool of human which were obtained from Department of Microbiology, Ahmadu Bello University, Zaria. The clinical isolates used were; Bascillus subtilis, Staphylococcus aureus, Escherichia coli and Salmonella typhi.


3.6.7.2 Culture Media

The culture media used for the analysis were Mueller Hinton agar (MHA), Mueller Hinton broth (MHB) and nutrients agar. The media were used for sensitivity test, determination of minimum inhibitory concentration (MIC), minimum bactericidal concentration (MBC). All media were prepared according to manufacturer’s construction and sterilized by auto cleaving at 121oC for 15 minutes.

3.6.7.3 Inhibitory activity (Sensitivity) test of the kanwa using agar well diffusion method.

The standard inoculate of the bacterial isolates were streaked on sterilized Mueller Hinton agar with the aid of a sterile swab stick. Four well were punched on each inoculated agar mate with a sterile cock borer. The wells were properly labeled according to different concentration of the kanwa prepared which was 100, 50, 25 and 12.5 mg/ml respectively. Each well was filled up with approximately 0.2 ml of the kanwa. The inoculated plates with the kanwa were allowed to stay on the bench for about one hour; this is to enable the kanwa to diffuse on the agar. The plates were then incubated at 37oC for 24 hours. At the end of the incubation period, the plates were observed for any evidence of inhibition which will appear as a clear zone that was completely devoid of growth around the wells (zone of inhibition). The diameter of the zones was measured using a transparent ruler calibrated in millimeter and the result was recorded (Cheesbrough, 2006).


3.6.7.4 Determination of minimum inhibitory concentration (MIC) of the kanwa.

The minimum inhibitory concentration of the kanwa was determined using the dilution method with the Mueller Hinton broth used as a diluent. The lowest concentration of the kanwa showing inhibition for each organism when the kanwa was tested during the sensitivity test was serially diluted in the test tubes containing Mueller Hinton broth. The organisms were inoculated into each tube containing the broth and the kanwa. The inoculated tubes were then incubated at 37oC for 24 hours (Cheesbrough, 2006).


At the end of the incubation period, the tubes were examined / observed for the presence or absence of growth using turbidity as a criterion, the lowest concentration on the series without

visible sign of growth (turbidity) was considered to be the minimum inhibitory concentration (MIC) (Cheesbrough, 2006).


3.6.7.5 Determination of minimum bactericidal concentration (MBC) of the kanwa

The result from the MIC was used to determine the minimum bactericidal concentration (MBC) of the extract. A sterilized wire loop was dipped into the test tubes that did not show turbidity (clear) on the MIC test and aloopfull was taken and streaked on a sterile nutrient agar plates. The plates were incubated at 37oC for 24 hours (Cheesbrough, 2006).

At the end of incubation period, the plates were examined / observed for the presence or absence of growth. This is to determine whether the antibacterial effect of the kanwa is bacteriostatic or bactericidal (Cheesbrough, 2006).


3.7     Statistical analysis

The Data  gathered during ethno-medical survey using a questionnaire were analyzed using descriptive statistical tools such as tables, Percentages, multiple bar chart and pie chart. The data obtained from pharmacognostic studies were expressed using mean ± standard error of mean (mean ± SEM). The data obtained from biological studies were expressed as the mean ± SEM using the SPSS statistical packages. One-way analysis of variance (ANOVA) was used to detect further differences between groups and (P < 0.05) was considered significant.

[bookmark: _TOC_250011]CHAPTER FOUR

4.0 [bookmark: _TOC_250010]RESULTS

4.1 Ethnomedical Information

4.1.1. Response rate from respondents

From the survey carried out it showed that the majority (77.3 %) of the respondents were male while only (22.7 %) were female.
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4.1.2. Respondent's age brackets

Majority of the respondents were elders within the age of 41-70 years as shown in Figure 4.2 With the highest rate fall within 41-50 (35.50 %) then 51-60 years (21.6 %), 61-70 (20.1 %). From 20 to 50 years the practice rate is increasing while from 51 to 70 years the practice rate is decreasing, at 81 years above the rate is minimal.
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Fig.4.2: Distribution of respondent’s age in the ethnomedical survey of evaporites (kanwa)
used in Hausa and Fulani traditional medicine.


4.1.3. Respondent’s marital status

Majority (73.2 %) of the respondent are married while (26.8 %) were single as shown by fig. 4.3.

[image: ]



Fig. 4.3: Distribution of respondent’s marital status in the ethnomedical survey of evaporites used in Hausa and Fulani traditional medicine in Kaduna state

4.1.4 Responses by tribes

Hausa represent the highest respondents during survey (52.9 %) followed by Fulani (23.2 %) and others with (24.0 %).


 (
Frequency
 
Percentage
 
(%)
)


Fig. 4.4: Distribution of respondent's tribes in the ethnomedical survey of evaporites used in Hausa and Fulani traditional medicine in Kaduna state

4.1.5. Educational status of the Respondents

Majority (42.7 %) of the respondents have Arabic/Islamic education as their highest qualification, followed by primary education (29.7 %), secondary education (14.1 %), tertiary education (7.8 %) and others with least (5.7 %) as shown by Fig 4.5
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Fig.4.5: Distribution of respondent's educational status in the ethnomedical survey of evaporites (kanwa) used in Hausa and Fulani traditional medicine in Kaduna state

4.1.6 Occupation of the Respondents
Table 4.1: Distribution of respondent's occupation in the ethnomedical survey of evaporites
(Kanwa) used in Hausa and Fulani traditional medicine in Kaduna state

	Occupations
	Frequency
	Percentage (%)

	Herbalists (maimagani)
	45
	11.7

	Farmers (manoma)
	12
	3.1

	Herb retailers(‘yan ganye)
	17
	4.4

	Hunters (mafarauta)
	20
	5.2

	Fishermen(‘yan su)
	8
	2.1

	Nomands (makiyaya)
	41
	10.7

	Spiritualists(bokaye)
	14
	3.6

	bone setters(madora)
	19
	4.9

	Blacksmiths(makera)
	16
	4.2

	Traditional barbers (ma aska)
	17
	4.4

	Traditional surgeons(wanzamai)
	12
	3.1

	Traditional medicine practitioner (maimagani)
	45
	11.7

	Mineral retailers(‘yan kanwa)
	19
	4.9

	Traditional items sellers(‘yan koli)
	31
	8.1

	Sarkin ruwa
	8
	2.1

	Yan tauri
	13
	3.4

	Traditional birth attendant(unguwan zoma)
	31
	8.1

	House wives(matan gida)
	16
	4.2

	Total
	384
	100



4.1.7. Knowledge of the respondents on evaporites (kanwa)

All the respondents (100 %) have knowledge of the evaporites samples shown to them. According to majority (66.1 %) of the respondents kanwa is the common name of evaporites. Others names include uwargami (14.6 %), gishiri(10.4 %) and tahnateka (8.9 %) as shown by Fig.4.6 below
 (
Frequency
 
Percentage
 
(%)
)

Fig. 4.6: Responses based on common names of the evaporites in their ethnomedical survey of evaporites used in Hausa and Fulani traditional medicine in Kaduna state.

4.1.8 Physical Identification of Evaporites

Most of the respondents (65.9 %) identified the evaporites from their physical appearance, then (22.7 %) with their colour, then (8.1 %) with their shape and (3.4 %) through taste as shown by Fig. 4.7 below.
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Fig. 4.7: Responses based on the methods of identification in the ethnomedical survey of evaporites used in Hausa and Fulani traditional medicine in Kaduna state.

4.1.9 Show and Tell Correct Identity of each Evaporites

Majority of the respondents have correctly show and tell the identity of each evaporites with exact common names as follows: farar kanwa (97.9 %), jar kanwa (95.8 %), ungurnu (96.4 %), manda (90.1 %) and dutse dan libya (92.2 %) as shown by Table 4.2 below.


Table 4.2: Responses based on correct identification of each evaporites in their ethnomedical survey as used in Hausa and Fulani traditional medicine in Kaduna state stated as



	Response
	Correct ID
	Wrong ID
	Total

	Farar kanwa
	376(97.9 %)
	8(2.1 %)
	384(100.0 %)

	Jar kanwa
	368(95.8 %)
	16(4.2 %)
	384(100.0 %)

	ungurnu
	370(96.4 %)
	14(3.6 %)
	384(100.0 %)

	Manda
	346(90.1 %)
	38(9.9 %)
	384(100.0 %)

	Duste dan libya
	354(92.2 %)
	30(7.8 %)
	384(100.0 %)


Source: Field survey, 2015

4.1.10 Duration of using evaporites

Majority (58.6 %) of the respondents used these evaporites for a long time while 41.4 % reported I don’t know as shown by Fig. 4.8 below.
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Fig. 4.8: Responses based on duration of using evaporites in their ethnomedical survey used in Hausa and Fulani traditional medicine in Kaduna state

4.1.9. Major Traditional Uses of Evaporites
In response to the question “Specify the use of each items”,most of the evaporites are highly used in medicine, veterinary practices, preservatives, cosmetics, food additives and others.



[image: ]





Fig. 4.9: Responses based on Major Traditional uses of evaporites in their ethnomedical survey used in Hausa and Fulani traditional medicine in Kaduna state.

4.1.10. Specific Medicinal Uses of Evaporites
Majority of the respondents utilized more of farar kanwa and Dutse dan Libya in treatment of GIT (34.1 % and 63.3 %). Jar kanwa (15.1 %) and Manda (15.4 %) were utilized more for skin treatment. Farar Kanwa (6.8%), Jar kanwa (6.2%) and Manda (6.2 %) were observed to be used by respondents in the treatments of fever. Jar kanwa (18.5 %) and ungurnu (18.0 %) were observed to be involve in treating infections. Dutse dan Libya (15.6 %) and Jar kanwa (23.4 %) were mostly reported by respondents as pain relievers. Ngurnu (7.8 %) and Manda (7.2 %) were used by most of the respondent in wound healing.

4.1.11 Ethnomedical uses of farar kanwa in Hausa and Fulani traditional medicine as obtained from survey of some LGA in Kaduna state


Table 4.3. A response based on Traditional uses of farar kanwa on specific disease in their ethnomedical survey in Hausa and Fulani traditional medicine in Kaduna state.

	Conditions
	Responses
	Percentage (%)
	UV
	ICF
	FL (%)

	

GIT
	

131
	

34.1
	

0.98
	

0.99
	

34.1

	Skin problem
	44
	11.5
	0.90
	0.98
	11.5

	Fever
	26
	6.8
	0.89
	0.80
	6.8

	Infection
	65
	16.9
	0.93
	0.87
	16.9

	Pain reliever
	51
	13.3
	0.97
	0.98
	13.3

	Wound healinhg
	7
	1.8
	0.88
	0.90
	1.8

	Others
	60
	15.6
	0.90
	0.84
	15.6


Source field survey, 2015
UV=used value, ICF=informant consensus factor, FL=fidelity level, GIT= gastrointestinal tract

4.1.12 Ethnomedical uses of jar kanwa in hausa and Fulani traditional medicine as obtained from survey of some LGA in Kaduna state


Table 4.4. A response based on Traditional uses of jar kanwa on specific disease in their ethnomedical survey in Hausa and Fulani traditional medicine in Kaduna state.

	Conditions
	Responses
	Percentage (%)
	UV
	ICF
	FL (%)

	

GIT
	

98
	

25.5
	

0.95
	

0.98
	

25.5

	Skin problem
	58
	15.1
	0.89
	0.91
	15.1

	Fever
	24
	6.2
	0.90
	0.88
	6.25

	Infection
	71
	18.5
	0.95
	0.87
	18.5

	Pain reliever
	90
	23.4
	0.98
	0.98
	23.4

	Wound healinhg
	20
	5.2
	0.91
	0.94
	5.2

	Others
	23
	6.0
	0.92
	0.84
	5.9


Source field survey, 2015
UV=used value, ICF=informant consensus factor, FL=fidelity level, GIT= gastrointestinal tract

4.1.13 Ethnomedical uses of ungurnu in Hausa and Fulani traditional medicine as obtained from survey of some LGA in Kaduna state


Table 4.5. A response based on Traditional uses of ungurnu on specific disease in their ethnomedical survey in Hausa and Fulani traditional medicine in Kaduna state.

	Conditions
	Responses
	Percentage (%)
	UV
	ICF
	FL (%)

	

GIT
	

83
	

21.6
	

0.94
	

0.95
	

21.6

	Skin problem
	51
	13.3
	0.91
	0.90
	13.3

	Fever
	22
	5.7
	0.88
	0.80
	5.7

	Infection
	69
	18.0
	0.93
	0.92
	18.0

	Pain reliever
	60
	15.6
	0.97
	0.97
	15.6

	Wound healinhg
	30
	7.8
	0.90
	0.90
	7.8

	Others
	69
	18.0
	0.92
	0.86
	18.0


Source field survey, 2015
UV=used value, ICF=informant consensus factor, FL=fidelity level, GIT= gastrointestinal tract

4.1.14 Ethnomedical uses of dutse danlibya in hausa and Fulani traditional medicine as obtained from survey of some LGA in Kaduna state


Table 4.6. A response based on Traditional uses of dutse danlibya on specific disease in their ethnomedical survey in Hausa and Fulani traditional medicine in Kaduna state.

	Conditions
	Responses
	Percentage (%)
	UV
	ICF
	FL (%)

	

GIT
	

233
	

63.3
	

0.99
	

1.00
	

60.7

	Skin problem
	47
	12.2
	0.92
	0.97
	12.2

	Fever
	8
	2.1
	0.90
	0.93
	2.1

	Infection
	9
	2.3
	0.96
	0.96
	2.3

	Pain reliever
	60
	15.6
	0.97
	0.98
	15.6

	Wound healinhg
	0
	0.0
	0.84
	0.93
	0.0

	Others
	17
	4.4
	0.95
	0.84
	4.4


Source field survey, 2015
UV=used value, ICF=informant consensus factor, FL=fidelity level, GIT= gastrointestinal tract

4.1.15 Ethnomedical uses of manda in hausa and Fulani traditional medicine as obtained from survey of some LGA in Kaduna state


Table 4.7. A response based on Traditional uses of manda on specific disease in their ethnomedical survey in Hausa and Fulani traditional medicine in Kaduna state.

	Conditions
	Responses
	Percentage (%)
	UV
	ICF
	FL (%)

	

GIT
	

73
	

19.0
	

0.91
	

0.94
	

19.0

	Skin problem
	59
	15.4
	0.92
	0.95
	15.4

	Fever
	24
	6.2
	0.83
	0.80
	6.3

	Infection
	61
	15.9
	0.86
	0.77
	15.9

	Pain reliever
	48
	12.5
	0.90
	0.82
	12.5

	Wound healinhg
	29
	7.6
	0.93
	0.87
	7.5

	Others
	90
	23.4
	0.92
	0.80
	23.4


Source field survey, 2015
UV=used value, ICF=informant consensus factor, FL=fidelity level, GIT= gastrointestinal tract

4.1.16. Mode of Using Evaporites
During the ethnomedical survey, dutse dan libya (84.9 %) and farar kanwa (54.9 %) were found to be used to drink in solution form by most of the respondents. Jar kanwa (61.5 %) and ungurnu (50.5 %) were mostly used with herbs. Farar kanwa (22.7 %) and jar kanwa (20.3 %) were highly drink with pap compare to other evaporites as shown by Table 4.8 below.


Table4.8: Responses based on mode of traditional uses of evaporites in their ethnomedical survey of Hausa and Fulani traditional medicine in Kaduna state.

	Response
	drink solution
	chew solid
	mix with herbs
	bath with solution
	mix with pap
	
others

	Faran kanwa
	211(54.9 %)
	0(.0 %)
	68(17.7 %)
	18(4.7 %)
	87(22.7 %)
	0(.0 %)

	Jan kanwa
	48(12.5 %)
	7(1.8 %)
	236(61.5 %)
	15(3.9 %)
	78(20.3 %)
	0(.0 %)

	Ungurnu
	96(25.0 %)
	0(.0 %)
	194(50.5 %)
	40(10.4 %)
	54(14.1 %)
	0(.0 %)

	Manda
	103(26.8 %)
	0(.0 %)
	72(18.8 %)
	63(16.4 %)
	0(.0 %)
	146(38.0 %)

	D/Danlibya
	326(84.9 %)
	0(.0 %)
	43(11.2 %)
	9(2.3 %)
	6(1.6 %)
	0(.0 %)


Source: Field survey, 2015

4.1.17 Benefits of using Evaporites

All the kanwa samples surveyed were found to be used in treatment, prevention, cure of diseases in addition they have other domestic uses.


Table 4. 9:Responses based on benefit of using evaporites in their ethnomedical survey of Hausa and Fulani traditional medicine in Kaduna state.

	Reponses
	Treatment
	Prevention
	Cure
	Others

	Farar kanwa
	136(35.4 %)
	98(25.5 %)
	94(24.5 %)
	56(14.6 %)

	Jan kanwa
	156(40.6 %)
	56(14.6 %)
	113(29.4 %)
	59(15.4 %)

	Ungurnu
	122(31.8 %)
	41(10.7 %)
	98(25.5 %)
	123(32.0 %)

	Manda
	87(22.7 %)
	56(14.6 %)
	95(24.7 %)
	146(38.0 %)

	D/Danlibya
	208(54.2 %)
	50(13.0 %)
	78(20.3 %)
	48(12.5 %)


Source: Field survey, 2015

4.1.18 Geographical Sources of Evaporites

Ethnomedical survey showed that evaporites (kanwa) were found and mined around Yobe, Borno, Adamawa, Gombe and Bauchi in Nigeria. Chad and Niger Republics as shown below.
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Fig. 4.10: Responses based on geographical sources of evaporites as obtained from ethnomedical survey of Hausa and Fulani traditional medicine in Kaduna state.

4.1.19. Processing Methods of Evaporites

Majority of the respondents (48.7 %) showed that kanwa was produced and mined without further processing, (6.2%) indicated that kanwa undergoes heating, (9.4 %) indicated drying process while (35.7 %) do not have knowledge on processing method as shown by Fig. 4.11 below
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Fig.4.11: Responses based on method of processing evaporites as obtained from ethnomedical survey of Hausa and Fulani traditional medicine in Kaduna state.

4.1.20. Preservation (storage) method of evaporites

From the ethnomedical survey (40.9 %) of the respondent store kanwa in polythene bags, (22.7
%) stored in silo, (13.8 %) stored in plastic containers while some respondents store their kanwa
in metallic containers and pot.
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Fig.4.12: Responses based on storing method of evaporites in the ethnomedical survey of evaporites used in Hausa and Fulani traditional medicine in Kaduna state.

4.1.21. Change of Evaporites on Storage

Majority (96.9%) of the respondents reported that kanwa samples do not change much on storage except Manda that changes on storage with percentage support of (3.1 %) as shown by table 4.10.


Table 4.10: Responses based on changes on storage of evaporites as obtained from the ethnomedical survey of evaporites used in Hausa and Fulani traditional medicine in Kaduna state.

	Response
	Frequency
	Percentage (%)

	Farar kanwa
	0
	0

	Jan kanwa
	0
	0

	ungurnu
	0
	0

	Manda
	12
	3.1

	D/danlibya
	0
	0

	None
	372
	96.9

	Total
	384
	100.0


Source: Field survey, 2015

4.2 [bookmark: _TOC_250009]Elemental Analysis of some Cations and Anions

Elemental analysis revealed that the evaporites contained some major cations and anions. All evaporites used during ethnomedical survey revealed the present of these cations: Ca, Mg, K, Na, Fe, Zn, and Pb while the anions include Cl, PO4, SO4, CO3, HCO3 and NO3 except dutse danLibya and manda which show the absent of CO3 (Table 4.11)


Table 4.11: Concentration of Major Cations and Anions (ppm)

	Evaporites
	Ca
	Mg
	K
	Na
	Fe
	Zn
	Pb
	Cl
	PO4
	SO4
	CO3
	HCO3
	NO3

	Fararkanwa
	41845
	10314
	24403
	147669
	8140
	51
	105
	17
	1171
	2478
	88
	17
	280

	Jar kanwa
	2608
	2860
	5006
	450514
	2097
	31
	568
	50
	391
	1511
	290
	50
	438

	Ungurnu
	115
	892
	13766
	118886
	1786
	28
	6
	141
	585
	2297
	156
	27
	140

	DanLibya
	598
	19219
	59067
	205234
	444
	40
	181
	133
	488
	3022
	0
	11
	140

	Manda
	21592
	6422
	13515
	13766
	7589
	18
	10
	631
	391
	785
	0
	2
	385




Table 4.12. pH values of evaporites

	Evaporites
	pH

	Farar kanwa
	10.2

	Jar kanwa
	10.4

	Ungurnu
	10.4

	DanLibya
	8.7

	Manda
	10.6
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[bookmark: _TOC_250008]4.3. Physical Properties of Evaporites

4.3.1. Organoleptic Properties and Chemical Formula of the Evaporites

Based on physical identification by special senses and elemental analysis organoleptic properties of evaporites were identified.
Table 4.13. Organoleptic properties of the evaporites

	Kanwa
	Appearance
	Colour
	Odour
	Test
	category

	Farar Kanwa
	Mixed of large to micro crystals
	White grey with black gray patches
	metallic
	salty
	Natron

	Jar Kanwa
	Aggregates mass of Crystals
	Light pink
	metallic
	salty
	Natron

	Ungurnu
	Aggregatesmass with layered crystals
	off white
	odourless
	salty
	Natron

	
D/danlibya
	
Transparent, aggregates layered crystals
	
White	with colourless patches
	
odourless
	
Salty
	
Polyhilite

	Manda
	crystal Mixed with earthy mass
	Blackish grey
	metallic
	Salty
	Polyhilite






4.3.2 Solubility of evaporites

These results indicated that jar kanwa, ungurnu and dutse dan libya samples were found to be very soluble while farar kanwa and manda were found to be soluble as shown by Table 8 below


Table 4.14. Solubility properties of five different evaporites

	Evaporites
	Test
	Observation
	Extractive Value
	

	Fara kanwa
	100mg dissolved in 3ml of solvent
	soluble
	81.60
	

	Jar kanwa
	100mg dissolved in 0.1ml of solvent
	very soluble
	92.76
	

	ungurnu
	100mg dissolved in 0.1ml of solvent
	very soluble
	91.73
	

	Duts danlibya
	100mg dissolved in 0.1ml of solvent
	very soluble
	96.10
	

	Manda
	100mg dissolved in 3ml of solvent
	soluble
	60.83
	




4.3.3 Cleavage/fracture, luster and hardness nature of evaporites Table 4.15 cleavage/fracture, luster and hardness of evaporites
	Evaporites
	cleavage/fracture
	luster
	hardness

	Farar kanwa
	Fracture
	Dull
	1- 2.5**

	Jar kanwa
	Fracture
	Glassy
	2.5 - 3*

	ungurnu
	Fracture
	Glassy
	2.5 - 3**

	Dutse danlibya
	Fracture
	Glassy
	2.5- 3***

	Manda
	Fracture
	Dull
	1- 2*


1-5= soft, 6-8 =hard, 9-10= hardest *more hard

4.3.4. Hygroscopicity of evaporites Table 4.16: Hygroscopicity of evaporites
	Evaporites
	M1
	M2
	M3
	% increase in mass
	Nature of Evaporites

	Farar kanwa
	62.20
	64.20
	64.26
	6
	Hygroscopic

	Jar kanwa
	71.51
	73.51
	73.51
	0
	Not hygroscopic

	ungurnu
	64.00
	66.00
	66.02
	1
	Slightly hygroscopic:

	Dutsedan libya
	61.36
	63.36
	63.36
	0
	Not hygroscopic

	Manda
	64.46
	66.46
	66.49
	3
	Hygroscopic


M1 = mass of empty beaker M2= Mass of beaker and sample. M3= Mass of beaker and sample after storage.

4.4 Acute toxicity studies

LD50 of the kanwa samples were obtained and found to be greater than 2000mg/kg for all the samples. No death or sing of toxicity was observed. Except dutse danlibya where Tremor and diarrhea occurred in 1/5 at initial stage (15 -30 minute). Sleep was observed in 1/5 animals treated with manda at 30-45 minutes. The relatively high oral median lethal dose (LD50) in mice suggests that the kanwa is relatively nontoxic when taken orally (Lorke, 1983).


4.4.1 Effect of kanwa on body weight of mice at 2000 mg/kg.

All animals were treated with 2000 mg/kg body weight and the results revealed not significant before and after treatment (Table 12)
Table 4.17 Effect of kanwa on body weight of mice at 2000 mg/kg body weight. (n=5)

Mean Body Weight ±SEM

	Group
	Treatment
	Before
	After
	Remark

	1(Control)
	Normal saline
	19.00 ±1.00
	20.00 ±0.58
	Not significant

	2
	Farar kanwa (2000 mg/kg)
	18.33 ±1.20
	19.00 ±1.53
	Not significant

	3
	Jar kanwa (2000 mg/kg)
	19.66 ±0.88
	20.33 ±0.67
	Not significant

	4
	ungurnu (2000 mg/kg)
	16.67 ±0.33
	17.33 ±0.35
	Not significant

	5
	D/dan libya (2000 mg/kg)
	20.00 ±0.00
	21.00 ±0.58
	Not significant

	6
	Manda (2000 mg/kg)
	19.33 ±1.20
	20.53 ±1.20
	Not significant





4.5. Biochemical Parameters

Table 13 shows the effect of kanwa samples at acute toxicity on aspartate amino transferase (AST) activity, alanine amino transferase (ALT) activity, alkaline phosphatase (ALP) activity and conjugate bilirubin. The results showed that AST, ALT and ALP activity at acute level for all samples were not significantly different (P>0.05) when compared with the control respectively. Meanwhile, total bilirubin values significantly increased (P<0.05) for all samples respectively. when compared with the control.


Table 4.18: Effect of kanwa on liver enzymes activities(n=5)

	Total Protein
Grp	(g/dl)
	AST (u/l)
	ALT (u/l)
	ALP (u/l)
	Bilirubin
Total	Conjugated (mg/dl)		(mg/dl)

	Contro 5.37 ±0.03
	32.67 ±0.33
	19.00 ±0.58
	88.33 ±0.33
	232.00 ±1.16	18.00 ±0.00



 (
FK
5.00 ±0.00
27.00 ±0.58
19.33 ±0.33
95.00 ±0.67
263.67 ±1.45
a
JK
6.17 ±0.08
22.67 ±1.45
17.00 ±0.56
95.33 ±0.67
361.33 ±0.88
a
NGR
5.27 ±0.03
29.00 ±0.58
23.33 ±0.88
87.33 ±0.67
379.67 ±2.60
a
DDL
4.50 ±0.09
32.00 ±0.58
18.00 ±0.58
75.00 ±1.73
283.33 ±1.76
a
MD
4.67 ±0.03
33.67 ±0.33
17.33 ±0.67
97.33 ±0.67
361.33 ±0.88
a
)8.33 ±0.88

10.67 ±1.20

15.00 ±058

11.00 ±1.00

15.33 ±0.38

Values are mean determinants ±SEM, (n=5)	p<0.05, a= significant compare to controls:
aspartate amino transferase, ALT: alanine amino transferase; ALP: alkaline phosphatase; FK (farar kanwa) JK (Jar kanwa) NGR (ungurnu) DDL (dutse danlibya) MD (Manda)

4.6 [bookmark: _TOC_250007]Histopathological Assay

The histopathology of liver and kidney of the treated mice was compare with control as shown by Table 4.17 below.
Table 4.19: Effect of kanwa on liver and kidney of mice at acute toxicity level

kanwa	liver	kidney



Control	Show normal hepatocytes	Show normal tubules and glomerulus


FK	Show normal features	Show slight vacoulation of glomerulus and tubules


JK	Shoe slight sinusoidal congestion	Shows moderate lymphocyte infiltration


NGR	Show lymphocyte infiltrations,	Show moderate tubular and glomerular vacoulation and Slight necrosis	infiltration and slight necrosis


DDL	Show normal features	Show slight vacoulation of glomerulus


MD	Show normal features	Show normal features

FK=farar kanwa JK= jar kanwa, NGR= ungurnu, DDL= dutse danlibya, MD= manda



Plate I: ×400 Micrograph of the liver tissue section from untreated mice (control) NH= Normal Hepatocytes, NS = Normal Sinusoid, CV = Central Vein



Plate II: ×400 Micrograph of the kidney tissue section from untreated mice (control) NG= Normal Glomerulus, NL= Normal Lymphocytes, NT= Normal Renal Tubules



Plate III: ×400 Micrograph of liver tissue from mice treated with 2000 mg/kg of farar kanwa

NH= Normal Hepatocytes, NS = Normal Sinusoid, CV = Central Vein




Plate IV: ×400 Micrograph of kidney tissue from mice treated with 2000 mg/kg of farar kanwa

VT= Slight Vacuolation of renal tubules, VG= Vacuolation of Glumerulus



Plate V: ×400 Micrograph of liver tissue from mice treated with 2000 mg/kg of jar kanwa

SC= Slight Sinusoidal congestion, NH= Normal Hepatocytes




Plate VI: ×400 Micrograph of kidney tissue from mice treated with 2000 mg/kg of jarkanwa

LI= Moderate Lymphocyte Infilteration



Plate VII: ×400 Micrograph of liver tissue from mice treated with 2000 mg/kg of ungurnu SV= Slight Vacuolation, LI= Lymphocytes infiltration, SN= Slight Necrosis



Plate .VIII: ×400 Micrographs of kidney tissue from mice treated with 2000 mg/kg of ungurnu. SN= Slight Necrosis, TI= Moderate Tubular Infiltration, GFI= Moderate Tubular Fatty Infiltration.



Plate IX: ×400 Micrograph of liver tissue from treated mice with 2000 mg/kg of dutse dan Libya

NCV= Normal Central Vein, NH= Normal Hepatocyte




Plate X: ×400 Micrograph of kidney tissue from mice treated with 2000 mg/kg of Dutse Dan Libya
VG= Slight Vacuolation of Glumerulus



Plate XI: ×400 Micrograph of liver tissue from mice treated with 2000 mg/kg of manda

NH= Normal Hepatocytes, NS = Normal Sinusoid, CV = Normal Central Vein




Plate XII: ×400 Micrograph of kidney tissue from mice treated with 2000 mg/kg of manda

NG= Normal Glomerulus, NT= Normal Renal Tubules

4.7 Analgesic Properties of farar kanwa Samples

Table 4.20: Analgesic Properties of different doses of farar kanwa Sample (n=5)

	Animal groups
	dose (mg/kg)
	number of writhing Mean ±SEM
	% writhing
	% inhibition

	NC
	0
	40.40 ±0.93
	100.00
	0.00

	PC
	300
	22.22 ±5.85
	55.00
	45.00

	FK
	1000
	21.80 ±0.86
	53.96
	46.04

	FK
	500
	22.00 ±2.28
	54.46
	45.54

	FK
	250
	18.80 ±1.24b
	46.53
	53.46

	FK
	125
	9.40 ±0.51b
	23.27
	76.73



Values expressed as mean ±SEM b= significant compare to negative control (P > 0.05), NC = Negative control, PC = Positive control, FK= farar kanwa.

4.8 Analgesic Properties of Jar kanwa Sample

Table 4.21: Analgesic Properties of different doses of jar kanwa Sample (n=5)

	Animal groups
	dose (mg/kg)
	number of writhing

Mean ±SEM
	% writhing
	% inhibition

	NC
	0
	40.40 ±0.93
	100.00
	0.00

	PC
	300
	22.22 ±5.85
	55.00
	45.00

	JK
	1000
	14.20 ±1.90b
	35.00
	64.85

	JK
	500
	13.40 ±1.2b
	33.17
	66.83

	JK
	250
	12.40 ±1.57b
	30.69
	69.31

	JK
	125
	6.60 ±0.75b
	16.33
	83.66



Values expressed as mean ±SEM b= significant compare to negative control (P > 0.05), NC = Negative control, PC = Positive control, JK= jar kanwa

4.9 Analgesic Properties of ungurnu Sample

Table 4.22: Analgesic Properties of different doses of ungurnu Sample (n=5)


	Animal groups
	dose (mg/kg)
	number of writhing Mean ±SEM
	% writhing
	% inhibition

	NC
	0
	40.40 ±0.93
	100.00
	0.00

	PC
	300
	22.22 ±5.85
	55.00
	45.00

	NGR
	1000
	23.60 ±0.75
	58.42
	41.58

	NGR
	500
	19.00 ±0.44b
	47.03
	52.97

	NGR
	250
	15.80 ±1.24b
	39.11
	60.89

	NGR
	125
	11.00 ±1.05b
	27.23
	72.77



Values expressed as mean ±SEM b= significant compare to negative control (P > 0.05)
NC = Negative control, PC = Positive control, NGR= ungurnu

4.10 Analgesic Properties of Dutse Dan libya Sample

Table 4.23: Analgesic Properties of different doses of dutse danlibya Sample (n=5)



	Animal groups
	dose (mg/kg)
	number of writhing
Mean ±SEM
	% writhing
	% inhibition

	NC
	0
	40.40 ±0.93
	100.00
	0.00

	PC
	300
	22.22 ±5.85
	55.00
	45.00

	DDL
	1000
	20.20 ±0.20b
	50.00
	50.00

	DDL
	500
	19.40 ±1.9b
	48.02
	51.98

	DDL
	250
	16.60 ±0.60b
	41.09
	58.91

	DDL
	125
	9.80 ±1.3b
	24.26
	75.74



Values expressed as mean ±SEM, b= significant compare to negative control (P > 0.05)
NC = Negative control, PC = Positive control, DDL= Dutse Danlibya

4.11 Analgesic Properties of Manda Sample

Table 4.24: Analgesic Properties of different doses of manda Sample (n=5)

	Animal groups
	dose (mg/kg)
	number of writhing Mean ±SEM
	% writhing
	% inhibition

	NC
	0
	40.40 ±0.93
	100.00
	0.00

	PC
	300
	22.22 ±5.85
	55.00
	45.00

	MD
	1000
	31.60 ±0.75
	78.22
	21.78

	MD
	500
	23.80 ±0.86
	58.91
	41.09

	MD
	250
	20.00 ±0.89b
	49.50
	50.49

	MD
	125
	17.40 ±0.51b
	43.07
	56.93



Values expressed as mean ±SEM,b= significant compare to negative control (P > 0.05) NC = Negative control, PC = Positive control, MD= Manda

4.12 Results of antimicrobial activities of kanwa samples Table 4.25: Zones of inhibition (mm) of evaporites samples
	Isolates
	FK
	JK
	NG
	DL
	MD
	Cip.

	Staphylococcus aureus
	10
	23
	22
	Nil
	Nil
	42

	Escherichia coli
	12
	10
	13
	Nil
	Nil
	38

	Bacillus subtilis
	18
	13
	16
	Nil
	10
	32

	Salmonella typhi
	14
	Nil
	10
	Nil
	Nil
	40


FK (farar kanwa) JK (Jar kanwa) NG (ungurnu) DDL (Dutse danLibya) MD (Manda), Cip (Ciprofloxacin)
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Fig.   4.17:   Minimum   Inhibitory   Concentration   (MIC)	and Minimum Bactericidal Concentration (MBC) of Jar kanwa
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Fig. 4.18: Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of ungurnu
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5.1 Ethomedical survey

The societies that make up the Nigerian State have for long relied on the indigenous health system which was developed as a response to their environment and it involves the use of locally available resources to prevent and cure diseases. It is a natural health care system which many generations of Nigerians have used (Egharevba et al., 2015). To date there is continued utilization of traditional medicine among Hausa and Fulani people despite the availability of modern medicine. According to Konno (2004), easy accessibility, efficacy on treatment and affordable cost in getting health services are main reasons in preferring traditional medicine to modern medication. It is estimated that about 86% of Nigerians use traditional medicine, and over 200,000 traditional medicine practitioners (TMPs) are believed to be in Nigeria (Egharevba et al., 2015). At the center of this practice are health professionals called mai maganin gargajiya (Hausa), and among whom different experts in healing have emerged. These include our target population indicated by (Table 4.1) among several others. They usually rely on vegetables, mineral substances, animal parts and certain other methods such as prayers, incantations etc.


People from Northern Nigeria significantly employed kanwa based traditional medicine to get cured from different diseases as well as major ingredients in domestic uses such as food additives. Therefore, the present study was carried out to validate the claims by traditional medical practitioners and other users of the minerals. From the present study most of the traditional healers were rural residents. This is partly because modern medical services are either unaffordable or unavailable to the vast majority of the rural people. These traditional healers

found to play an important role in the primary health care system of the rural people as they treat people who had little access and could not afford the cost of modern medication. The knowledge of medicinal minerals among male is higher. That is most of the traditional healers are males (77.3 %) and married (73.2 %). This showed that the medicinal information are passed to male from their parents and they have family to support with the income realized from the sale and administration of the medicine. The study revealed that majority of the traditional healers was older than 40 years. Few youths were involved in the sale and administration of concoction in the study area. In Nigeria, it is very difficult to obtain traditional medicinal information as they considered their indigenous knowledge as a professional secret, only to be passed orally to their older son, at their oldest age (Adekeye, 2000). Derogatory attitudes towards traditional medicine practitioners had forced healers to keep their knowledge and practices to themselves. Survey revealed that most of the respondents were speakers of Hausa language having the highest percentage of (52.9%), followed by Fulani (23.2%) and others with (24.0%). According to Ulrika (2002), the northern part of Nigeria is mostly Muslim with the population predominantly being Hausa. Majority of them have Islamic and Arabic education constituting about 37.5%, because northerners are believed to involve in many religious knowledge like tsangaya system of education (Zakir et. al., 2013).


Majority of the respondents (66.1%) identified the evaporites locally as kanwa and this is in agreement with the local name identified by Davidson, et al., (1974), Makanjuola (1975), Ekanem (1977), Ankrah and Dovlo (1978), Ekanem and Harrison (1997), Sanderson et al., (2000), Paul (2005) and Alawa et al., (2002). The local name “kanwa”originated from where local miners keep evaporites after mining before sale, the dealers usually said “kanwa” means

“whose head” (personal communication, 2015). 14.6 % were found to call these evaporites as uwargami, (homogenizer), it could be because in majority of foods and herb concoction kanwa was added to achieve a desired need. 10.4 % of the respondents identified the evaporites as gishiri, this may be it has salty taste similar to table salt while only 8.9 % were found to identified the evaporites as tahnateka, this word is Fulfulde.


From the survey about 97.9 % were able to identified farar kanwa correctly as looking at it directly this may be because of its availability or the respondents are using it frequently in food preparation. Respondents 95.8 %, 96.4 % were able to identified jar kanwa and ungurnu respectively because of frequent used in food and medicines. Dutse-dan-Libya was identified by
92.2 %, this is because it has resemblance with other varieties of kanwa or gishiri. While manda was identified by 90.1 %, this may be contributed that this variety resemble other varieties, as all respondents used physical appearance as a first line for identification. In general, more than 90 % of the study population has the ability to identify each of kanwa correctly. The Fulani proverb, “manda resatake ndei takai lamma”, "if the salt or kanwa is stored, the soup will not be good”, accurately reflects a universal appreciation of that property in kanwa which brings out the flavour of food.


The results had shown that various forms of kanwa are important in medicines. It was found that all five different samples were used in gastrointestinal problems in which dutse-dan-Libya and farar kanwa showed the highest response 63.3 % and 34.1 %. While 25.5 %, 21.6 % and 19.0 % were observed for jar kanwa, ungurnu and manda respectively for treating GIT problem. These results were in agreement with early reports by (Makanjuola, 1975; Ekanem, 1977; Ankrah and

Dovlo, 1978; Paul, 2005; Alawa et al., 2002). It is believed that jar kanwa can be used to “wash the stomach” but in higher dose it induces diarrhea and when dissolved in water and drunk, it also considered particularly effective in the relief of cramps (Paul, 2009). The studies revealed that all the kanwa samples were used in skin problem, this agreed with the report of Paul (2009) that kanwa was used as a preparation for scalp diseases and other scaly skin problems. It is used as active principles in cosmetics, especially in face, due to their high absorbency level of substances such as greases, toxins, etc. Therefore, they are recommended for inflammatory processes such as boils, acne, ulcers, etc. (Sana and Asia, 2012). They are also used in creams, powders, emulsions, etc., as antiperspirants and to give the skin opacity, remove shine and cover blemishes (Sana and Asia, 2012). Minerals are used in aesthetic medicine in cosmetic products, as active principles or excipients, generally in the cold direct application on the skin to treat dermatological diseases as blackheads, spots, acne, seborrhea, etc., this is due to the fact that it promotes perspiration and sebaceous secretions which flow more easily in a fluid state, while it also opens the pylosebaceous orifices. Moreover, during the perspiration urea is eliminated, which activate the metabolic change and the excretion of catabolites (Sana and Asia, 2012). Various literature confirmed the use of kanwa in gonorrhea and gastritis. In the case of gonorrhea, kanwa is also used in considerable quantities to produce diuresis. This is in agreement with information collected during the survey. All but except dutse-dan-Libya that has confirmed less effective on some microbes during anti-microbial studies. From the survey it was shown that jar kanwa has the highest number of respondent (23.4%) for pain relive, ungurnu and dutse-dan- Libya 15.6 % each. Farar kanwa followed with 13.3 % and least to manda with only 12.5 %., this is in agreement with research carried out by Regina (2008) and Vormann, (2001).

Use values (UV) is an index that provides a quantitative measure of its comparative significance to the informants or a quantitative method demonstrating the relative importance of each evaporites (Arip et al., 2015), it takes value from 0.00 to 1.00. The higher the value then the higher the degree of usage. The used value for all evaporites showed that dutse danlibya (0.96), jar kanwa (0.94), farar kanwa (0.84), ungurnu (0.82) and manda (0.77)


Informant consensus factor (ICF) was used to measure the homogeneity of the information for a specific evaporites (kanwa) to cure a specific diseases or to estimate the level of agreement between respondents over which evaporites (kanwa) is used for each disease category (Canales, 2005). From the results all evaporites have higher ICF values this indicates the information given were all homogenous. The lowest and highest values of ICF can be 0.00 and 1.00, respectively. A value near zero indicates a high variation in  the use of species, if minerals  are  chosen randomly, or if informants do not exchange information about their use. Values near 1 indicate a high intra-cultural consensus.


Fidelity level (FL) expresses the priority of a species over the others in the management of a particular ailment. Jar kanwa and dutse danlibya showed FL of 100, then farar kanwa (98 %), followed by ungurnu (93 %) and manda (77 %). These results show that Jar kanwa and dutse dan-Libya Higher FL value indicates more frequent use of an evaporites (kanwa) for treating a particular ailment category by the respondents.

Oral application was the highest and most commonly used route of application of kanwa followed by dermal. WHO, (2002) indicated that oral is the main route of traditional medicine application. oral and dermal routes permit rapid physiological reaction of the prepared medicines with the pathogens and increase its curative power (Fisseha, 2007). From the ethnomedical survey it was observed that dutse-dan-Libya is frequently been used in solution (84.9 %) this could be due to its solubility, then followed by farar kanwa (54.9 %), manda (26.8 %), ungurnu (25.0 %) and least for jar kanwa. None of the kanwa surveyed was found to be chewed solid except jar kanwa this is because it was used in toothache. The report made by Paul (2009) confirmed that jar kanwa was chewed by Asante people after finishing the tobacco. Jar kanwa was found to be involve (50.5%) in combination with other herbs concoction for medication, ungurnu could be used (50.5%) this could be due to closed relation in their nature and constituents. Also manda and ungurnu were found to be used in bath for treating some diseases with (16.4%) and (10.4%) while dutse-dan-Libya has the least (2.3%) in bath. Farar kanwa has higher number of respondents in postnatal care uses during lactation. Nursing mothers consume large quantities of farar kanwa daily in a pap as part of the forty-day postpartum practice in the belief that it increases the quantity and quality of breast milk (Sanderson et al., 2000).   Jar kanwa were reported to be used in salala (porridge) and other herbs concoctions. All five different evaporites were used for treatment, prevention and cure. Yobe and Borno state were the origin of all these evaporites, this study was in agreement with finding of Paul, (1986). Majority of respondents reported that evaporites undergo no processing and they keep them in polythene bag because it is the most commonly available packaging material.

The ions (cations and anions) and their concentrations are the chemical constituents which allow the evaporites deposits to be formed. The proportion of chemicals within the brine determines the formation of specific evaporites. Five diverse chemical types also exist identified viz Na- CO3-Cl; Na-CO3-SO4-Cl; Na-SO4-Cl; Na-Mg-SO4-Cl and Ca-Mg-Na-Cl (Warren, 1997). These typical mineral formulations show that in all instances halite is produced, these could be the reason behind the salty taste of the evaporites under study. Minerals such as thenardite are only produced in a handful of cases. From the analysis carried out Na, Ca, Mg, K, Fe, CO3, SO4, Cl, CO3, HCO3, NO3 and PO3 were present as indicated in table 4.11 with sodium as the most dominant then others at various concentration.
Evaporitic deposits containing sodium carbonates are natron and those containing sodium carbonate and sodium bicarbonates are classified as trona (sodiumsesquicarbonate) (Andrew et al., 2006). From the results kanwa have significant proportions of sodium carbonate, sodium sulphate and other salts. Therefore, farar kanwa, jar kanwa and ungurnu have both sodium, carbonate and bicarbonate present and are probably classified as “natron”. Many local areas erroneously referred to kanwa as potash. The term “potash” is synonym for a wide variety of potassium-rich minerals and rocks (Greta et al., 2010). Natron, Na2CO3.10H2O, refers to a specific mineral, known chemically as sodium carbonate decahydrate (Shortland, 2004). From the analysis no HCO3 present, but other constituent are significantly present. Therefore, dutse dan Libya and manda are Polyhalites.


Evaporites have been exploited as a good source of alkali for millennia. The present results had shown that all the samples were highly alkaline in nature, farar kanwa, jar kanwa, ungurnu and manda having pH of 10.2, 10.4, 10.4 and 10.6 respectably while dutse-dan-Libya has lowest pH

8.7 therefore less alkaline compare to other four evaporites, this could be the reason of inducing diarrhea in animal during acute toxicity studies. The pH values are in accordance to study carried out by Jones et al.,(1998) as the pH value of evaporites is typically between 8 and 12. The differences in pH could be due to the concentration of sulphates (SO4) that indicate the higher concentration of sulphates the lower the pH value.


There have been few studies into the solubility of kanwa. But specifically the solubility of natron is less than that of common salt at 30 g per 100 ml of water at the temperature of around 20°C. (Melanie, 2009). The study had shown that jar kanwa, ungurnu and dutse-dan-Libya were very soluble while farar kanwa and manda were soluble in deionized water. These could be the contributed upon the force that held the atoms in positions.


From the study all the samples were dissolved in deionized water and recrystallized to give pure

kanwa. Farar kanwa give 81.60 %, jar kanwa 92.76 %, ungurnu 92.73 %, dutse-dan-Libya 96.12

% and manda 60.83% yield respectably. It could be observed that jar kanwa and ungurnu are relatively pure, while farar kanwa and manda because they contained more of inclusions. By appearance it looks like 'black' it means that the impurities were so great that the colour was influenced, hence farar kanwa that was scraped from the ground was referred to according to its appearance. From the results, farar kanwa and manda have the ability to absorb moisture, and ungurnu were found to be slightly hygroscopic while jar kanwa and dutse danlibya are not hygroscopic.

As per the OECD Guidelines 423 using limit dose test of Up and Down method, the acute oral toxicity studies revealed that there were no deaths or any sign of toxicity within the short and long term effect in mice dosed 2000 mg/kg body weight of the kanwa samples. The LD50 of farar kanwa, jar kanwa, ungurnu, dutse-dan-Libya and manda was found to be greater than 2000 mg/kg body weight orally. Careful observations were made in the experimental animals, in the first 30 min of observation, 1/5 tremor, 4 hours of observation 1/5 diarrhea and 48 hours of observation 1/5 sleep were observed for dutse-dan-Libya. For farar kanwa, jar kanwa, ungurnu and manda all observed parameter: skin, fur, eyes, mucous membrane, behavioral pattern, salivation of the treated as well as the control animals were found to be normal. Tremors, lethargy, diarrhea and coma did not occur in any of the animal. At limit dose of 2000 mg/kg body weight, no significant changes were observed in body weight in the treated group compare to control group, changes of the body weights were found to be statistically insignificant. Insignificant increase in body weight of test animals indicates that the administration of the kanwa samples does not affect the growth of the animals. Since the oral administration of the some kanwa samples at limit dose of 2000 mg/kg did not produce any sign of acute toxicity or instant death in any of the five mice tested each during the period of observation. This, however, at acute oral toxicity it was suggested that kanwa are relatively safe. According to Clerke and Clerke (1977), substances with LD50 of 1000 mg/kg body weight given orally are considered being safe or of low toxicity. Similarly, according Organization for Economic Cooperation and Development (OECD) toxicity recommended based on oral LD50 are: less than 5 mg/kg: very toxic, greater than 5 but less than 50 mg/kg: toxic, greater than 50 but less than 500 mg/kg: harmful, and, greater than 500 but less than 2000 mg/kg: no label. Therefore, the high acute toxicity greater than 2000 mg/kg body weight of the kanwa samples obtained is an indication

that the kanwa sample could be considered relatively safe especially when administered orally at acute level where absorption may not be complete due to inherent factors limiting absorption in the gastrointestinal tract (Sani et al., 2009). But may be repeated administration of kanwa sample could result in toxicity which may give adverse effect originally not presented in acute administration. Thus, high LD50 observed, may not be a conclusive finding about the safety of the kanwa until chronic toxicity was carried out.


Histological investigation of some vital organs revealed slight distortion of histo-architecture of the liver and kidney which were not seen in the control. The liver plays a central role in transforming and clearing chemicals and is susceptible to toxicity from these agents (Adesina et al., 2015). Hepatotoxicity is an entity not as extensively explored as nephrotoxicity as it does not manifest itself as a dose limiting factor (Avci et al., 2008). The liver and kidneys are among the primary organs affected by the metabolic reactions induced by toxicants (Dybing et al., 2002). The micrograph of the kidney and liver section in the control group showed normal histological features. The kidney section indicated a detailed normal renal tubules and clear glomeruli surrounded by a narrow Bowman's spaces (plate II).While liver section indicated a detailed normal architectures of hepatocytes. This is the fact that animals in this group were fed with distilled water and conventional feed for this reason no any observable abnormal effects on the organs. The micrograph of farar kanwa on kidney shows slight vacuolation of glumerulus and tubules. But liver section indicated a detailed normal architecture of hepatocytes. The micrograph of jar kanwa on kidney sections showed moderate lymphocyte infiltration. While the micrograph of liver showed slight sinusoidal congestion from histology. The micrograph of ungurnu on kidney showed moderate tubular and glomerular fatty infiltrations and slight

necrosis. While the micrograph of the liver showed lymphocyte infiltrations, vacoulation and slight necrosis were pathologically observed. For dutse-dan-Libya the micrograph of the kidney showed slight vacuolation of glumerulus only. While liver section indicated a detailed normal architecture of hepatocytes. For manda, the micrograph of the kidney and liver section showed normal histological features. The kidney section indicated a detailed normal renal tubules and clear glomeruli surrounded by a narrow Bowman's spaces.


Biochemical analysis of AST, ALT, alkaline phosphatase and total bilirubin and conjugate bilirubin are also carried out. They are often used to determine the physiological and pathological status of man and animal. The normal ranges of these parameters can be altered by some substance (Sani et al., 2009). Previous studies reported that the increase in the activity of these enzymes in the plasma is often observed as a consequence of liver damage. It can however, be noticed that there is no significant difference in the levels of AST, ALT, ALP, total bilirubin and conjugate bilirubin comparatively to the control group (p>0.05). The results revealed no significant different observed between test group and control group.


The method of acetic acid induced abdominal writhes (constriction) by using 0.6% acetic acid solution. For testing analgesic, abdominal writhes were selected such that the peripherally mediated effects were investigated. The kanwa sample tested were farar kanwa, jar kanwa, ungurnu, dutse-dan-Libya and manda at a dose of 1000 mg/kg, 500 mg/kg, 250 mg/kg and 125 mg/kg each administered orally, they produced significant inhibition of the acetic acid-induced abdominal writhes in dose-dependent manner. This inhibition was greater than that produced by aspirin. These results suggest that kanwa can produce peripheral analgesic effect by inhibiting

the chemical mediators. This shows that the dose is inversely proportional to activity. At high dose, activities were observed but at the lowest dose it significantly reduces the pain. It has been reported that acetic acid irritates the peritoneal cavity leading to stimulation of local nociceptors located at the surface of the peritoneal cavity (Bently et al., 2009). This leads to the release of prostaglandins E2 and F2 in peritoneal fluid and other algogens with subsequent stimulation of pain nerve endings (Deradt,et al., 2014). Acetic acid is a pain stimulus and causes localized pain as writhing after intraperitoneal administration in mice. Acetic acid stimulates the release of free arachidonic acid from tissue phospholipids by the action of phospholipase A2 (Faizul et al., 2007). Synthesis of prostaglandins from arachidonic acid via the cyclooxygenase pathway is one of the major causes of pain sensation (Faizul et al., 2007). The agent that reduced the number of writhing will demonstrate analgesia by inhibition of prostaglandin synthesis. It could be that kanwa may have interfered with these peritoneal receptors to bring about analgesia by inhibiting PGE2 production (Semaghiul et al., 2005). Inhibition of the pain induced by acetic acid, by the kanwa, suggests that they can probably work by suppressing the release of inflammatory mediators like prostaglandin, bradykinin and histamine (Mehemet, 2002). The writhes induced are related to increase in the peritoneal level of prostaglandins and leukotrienes (Sharma et al., 2010). The result strongly suggests that the mechanism of action of kanwa may be linked to lipoxygenase and/or cyclooxygenase. The reduced pain sensation can also be explained to alkaline nature of evaporites, as pain receptors are sensitive to acidic medium that mediate pain, therefore increase in pH could reduce the acidity level thereby decrease the pain (Regina, 2008). Reports show that taking an alkaline supplement could reduce daily steroid or NSAID dosage also supports the view that a reduction in latent metabolic acidosis has a positive effect on pain sensation. Secondly, pain can be reduced by the significant elevation of plasma ir-EP levels

following alkaline supplementation. The ir-EP binds predominantly to the mu opioid receptors which play a role in the pathophysiology of local inflammatory and pain processes that are present in several peripheral tissues.


Evaporites (kanwa) are important source of potentially useful agents for the development of new chemotherapy against microorganism (Tona et al., 2003). Many reports are available on antibacterial activities of minerals compounds (Udemezue, 2014). Researches have significantly helped in identifying the active ingredients responsible for such activities that is useful for the therapeutic use in human beings. Antimicrobial activities were carried out on five the most commonly used sample of kanwa namely farar kanwa, jar kanwa, ungurnu, dutse-dan-Libya and manda on gram positive bacteria (Staphylococcus aureus and Bacillus subtilis) and gram negative bacteria (Escherichia coli and Salmonella typhi).


Antibacterial activity was expressed as diameter zone of inhibition. A zone of observable inhibition of growth of each micro-organism served as a criterion for declaring an evaporites(kanwa) sensitive and was indicated by a clear zone around the well. The diameter of zone of inhibition of kanwa against test microorganisms (in mm) was highest for jar kanwa, followed by ungurnu and the least farar kanwa. The zones of inhibition for the kanwa are in the ranges of 10-23mm in diameter against the various test microbes. A wider dimension for the zones of inhibition of 13 mm and 23 mm were observed for jar kanwa against Staphylococcus aureus and Bacillus subtilis respectively which strongly support the ethnomedical usage of kanwa against infections. The sensitivity of the test microbes to the kanwa is within similar ranges.



However, antimicrobial capacity is attributed to the inorganic components and has the ability to absorb the fluid content of the cell to shrink (Chadzopulu et al., 2011). Since farar kanwa, jar kanwa and ungurnu inhibited the growth of all the bacteria tested, this suggests that these kanwa is broad spectrum in activity. The results could be responsible for the popular use of kanwa to relieve many types of gastrointestinal irritations caused by bacteria, respiratory tract and skin diseases (Cheesbrough, 2006). Also alkaline pH affects the activities of many microbes (Molan, 1992) and for that the activity of jar kanwa is higher due to the higher pH.

Minimum Inhibitory Concentration (MIC) is defined as the highest dilution or least concentration of a sample that inhibit the growth of microorganisms. Determination of the MIC is important in diagnostic laboratories because it helps in confirming resistance of microorganism to an antimicrobial agent and it monitors the activity of new antimicrobial agents. The concentrations of kanwa that completely killed the bacteria was taken as MBC. Moreover, it was noted that most of the antimicrobial properties in different kanwa samples showed, MBC value that is almost two fold higher than their corresponding MICs (Omaret.al, 2010). The MIC for farar kanwa was (25 mg/ml) while the MBC was (50 mg/ml). However, jar kanwa and ungurnu show highest MBC value of (100mg/ml) against S aureus and S.typhi.

[bookmark: _TOC_250004]CHAPTER SIX

SUMMARY, CONCLUSION AND RECOMMENDATIONS

6.1 [bookmark: _TOC_250003]Summary

Little attention has focused on the beneficial health effects of rocks, minerals, and geologic Materials. The medicinal effects have been recognized as long as beginning of man. Some of the earliest known medicines were derived from rocks and minerals and still in use today. The study aimed to validate the use of some evaporites(kanwa) in Hausa and Fulani traditional medicine through ethnomedical survey and some biological studies with the view to document the perception of Hausa and Fulani tribes on five different Evaporites namely farar kanwa, jar kanwa, ungurnu, dutse danlibya and manda, to establish the safety or otherwise of the different Evaporites (kanwa) using animal experimental model and to justify the uses of the five different Evaporites (kanwa) as agents for abdominal pains and antimicrobials. The ethnomedical survey was carried in five selected Local Government of Kaduna State, during the study period, majority of the respondents were male, married and elder people within the age range of 40 – 50 years with practitioners’ educational level ranges from non-formal education to tertiary educational level of which Arabic and Islamic education prevailed. Northern Nigeria, has several forms of traditional medical practitioners, which could not be found in many places in the world. They include Herbalists (maimagani), Farmers (manoma), Herb retailers (‘yan ganye), Hunters (mafarauta), Fishermen (‘yan su), Nomands (makiyaya), Spiritualists (bokaye), Bone Setters (madora), Blacksmiths (makera), Traditional barbers (ma’aska), Traditional surgeons (wanzan), Traditional Medicine practitioner (mai magani), Mineral retailers (yan kanwa), Traditional items sellers (yan koli), Sarkin ruwa, Yan Tauri, Traditional birth attendant (unguwan zoma) and other traditional healers. They are highly recognized by their community in the study area. The

investigation revealed that most respondents have vast knowledge of this evaporites (kanwa) and locally known as kanwa or gishiri in Hausa Language. They differentiate these evaporites by their appearance and colour as farar kanwa, jar kanwa, ungurnu, manda and dutse-dan-Libya respectively. The inhabitants used the evaporites (kanwa) as medicine, food additives, preservatives, cosmetics and veterinary practices. A number of Medicare were described by the respondents this include abdominal pains, skin diseases, fever, pain relive, wound healing and they were administered in solution, in pap, chew solid and mix with herbs to drink or bath to treat and cure diseases. Most of these evaporites were found abundantly around North-east of Nigeria like Borno and Yobe state where it is mined by local people and sold to consumers. However, the normalcy and insignificant changes in wellness parameters and body weights reveals the safety of kanwa at a dose of 2000 mg/kg body weight. This, however, suggest that they are considered being safe at acute level. Histopathology of the liver and kidney tissues show no significant chronic damage on the tissue. Elemental analysis revealed the presence of Ca, Mg, K, Na, Fe, Zn, Pb, Cl, PO4, SO4, HCO3, and NO3 in all the samples and were soluble in water but dutse-dan-Libya, jar kanwa and ngurnu are very soluble. Manda and farar kanwa were found to be hygroscopic while dutse-dan-Libya, jar kanwa and ungurnu are non-hygroscopic. Biological activities show all the evaporites were good as analgesic as effectively reduced the number of abdominal contractions induced by 0.6 % acetic acid solution in dose-dependent manner and antimicrobial revealed that farar kanwa, jar kanwa and ungurnu inhibited the test microorganisms (in mm) and highest for the jar kanwa.

6.2 [bookmark: _TOC_250002]Conclusion

The present studies established:

1. Hausa and Fulani tribes of Kaduna State strongly believes that evaporites have culinary band medicinal values to both humans and animals
2. The margin of safety of evaporites is relatively wide (oral LD50 > 2000 mg/kg.)

3. 	Biochemical parameters of tested groups show no significant difference (p<0.05) compare to control group at acute oral administration except total bilirubin
4. No significant hepatic or renal damage compare to control group.

5. Analgesic properties revealed that : all kanwa studied had % inhibition at lower dose

6. The evaluated analgesic and antimicrobial property of the kanwa supports the ethnomedical usage for pain management and anti bacteria.
7. Farar kanwa, jar kanwa, ungurnu, are suggested to be natron while manda and dutse danlibya are suggested to be Polyhalites respectively.


6.3 [bookmark: _TOC_250001]Recommendations

1. Sub chronic and chronic toxicity studies should be carried out in other to elucidate the safety profile of these kanwa
2. Elemental analysis should be carried out on heavy metals that can cause effect on human health since they are continuously consumed
3. Further studies should be carried out in order to justify other uses such as anti inflammatory, anti ulcer etc.
4. 	Although, the study has shown some degrees of biological efficacies, the minerals should be used with caution.
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