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ABSTRACT

This study describes the effect of the fixatives: Buffered neutral formalin, Heidergiaga

fixative, Calcium acetatéormalin, Mul | er 6s fixative, Hel | yoés
on thetissuestaining ability of the extracts dflibiscus sabdarifi, Sorghum bicolorand
Garcinia livingstonei.Tissues were fixed ithe fixatives, processed by paraffin wax method

and the seabins were stained with alcoholextract of Hibiscus sabdariffaand aqueous
extracts ofSorghum bicolorand Garcinia livingstoneé Hibiscus sabdariffagave a good

tissue staining contrast and cellular clarity on both the nucleus and cyto@asghum

bicolor andGarcinia livingstonerlso gave a good tissue staining contrast particularly for the
cytoplasm, henceéhey are cytoplasio stains and maye used as substitutes for eosin in
routine histological preparation§he effect of the fixatives varied the tissue staining ability

ofthelocal stainsvi t h Carnoyés fixative emerging as t

Vi
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CHAPTER ONE
INTRODUCTION

The foundations of histology were laid before the advent of staining methods. Staining
techniquesaccording to Conn (1948riginatedfrom the second half of the f%entury.

Early attempts to stain tissues using saffron were neither wholly successful nor followed up
by others and specimens were examined unstained. Therefore, tissue components were not

selectively highlighted (Conn, 1948).

Generally, histological stas are coloured substances which dye tissues and can be classified
according to their origin as natural or synthetic; and according to their phpsigarties as
eitheracidic, basic oneutral dyes. Dyes can combine with tissues by adsorption, especiall
when in a state of fine division, to attract and hold other substances on their free surfaces;
such stains can usually be differentiated in water or alcohol. While mordanted dye combines
with the tissue to form a tissureordantdye complex; this is insoble in ordinary aqueous or
alcoholic solvents, allowing subsequent counterstaining and dehydration to be easily carried
out. Fixation assists the interaction of tissues and dyes, proteins axecasily stained after
fixation. Formaldehyde and mercuric chloride favour basic dyes, while trichloroacetic acid,
picric acid and chromium compounds facilitate the action of acidic dyes. Both acidic and
basic dyes are taken up by tissues easily after fixation with ethyl alcohol ar adet(Drury

et al, 1967). An almost innumerable variety of fixatives have been proposed; but only a

comparatively small number have come into routine use, each with its own advantages.

In any staining procedure, the specific recommendations in regafidatoon should be
followed unless there are definite reasons for somierdifit procedure. There are seven

essential steps in handling the tissue before staining begins, namely: fixation followed by



washing, dehydration, clearing, embedding, sectioramg attaching sections to slides

(Georgeet al, 1981).

Examples of the most commonly employed fixatives in laboratories of microtechnic are as
foll ows: Zenkerdos fluid, Hell yds fluid, Hei
Neutral Formalin, Gethr e 6 s floyidad, fCarn d (Banbfoftl 198 Gégeett | ui d
al., 1981).The fixative employed in the preparation of tissues for staining is of particular

importancgTable 1)

TABLE I: TARGET COMPOUNDS SHOWING FIXATIVES OF CHOICE AND

THOSE TO BE AVOIDED

Target Fixative of Choice Fixative to Avoid

Proteins Neutral Buffered Formalin Osmium Tetroxide

Parafemaldehyde

Enzymes Frozen Sections ChemicalFixatives

Lipids Frozersections Alcoholic fixatives Neutral

Glutaraldehyde/Osmium Buffered Formalin

Tetroxide
Nucleic Acids Alcoholic fixatives HOPE Aldehydefixatives
Mucopolysaccharides Frozen Sections
Chemicalfixatives
Biogenic Amines Bouin's~, Neutral Buffere¢ Chemicalfixatives
Formalin
Glycogen Alcoholic basedixatives OsmiumTetroxide

Source:Adopted from Bancroft1975)



This is because the procedure must be adapted to the tissges compoundso be
examined, and it must be specially designed to bring out and preserve the structures which

are desired to be demonstrated.

In view of the prime importance of fixation, the staining procedure is often determined by the
method of fixation and vicgersa (Bancroft, 1975). Sometimes the choice of a fixative for
tissues influences subsequent histochemical reactions (Culling, 1974). This is because
fixatives are chemicals that react with tissue structures to produce new compounds. These
compounds are nabnly capable of withstanding autolysis and putrefaction, but are also
capable of preparing the tissue for histochemical reactions. Generally, fixatives which contain

acetic acid favour the staining of the nucleus (Avwioro, 2002).

For the purpose of thigualy, the following six fixatives will be employed: Buffered neutral
formalin, Heidenhaige SUSAOf | ui d, Calcium acetat e, Mul | er

Carnoyo6s fluid ( Banc sdthdsefluids@areé sShpwninTdblell.c o mpo s i

The seare for new histological stains locally from our seemingly untapped plant resource, if
successful may enhance the elucidation of structures dfdthe systems, includingesearch

output in histology and histochemistry.

According to Wiamet al (2006), aquews extract of local dye frobawsonia inermis and
ethanolic extract fromHibiscus sabdariffa could be used as a substitute for eosin and
haematoxylin, respectively in routine histological tissue staining. Egbupd. (2008) also
noted thatHibiscus s&dariffa is a good substitute to haematoxylin as a nuclear stain,

especially when mordanted with iron or potassium alum.

In view of the current global economic recession and its disastrous effects on the purchasing

power of the Naira in the internationalarket in comparison with th®&nited StateqUS)



Dollar, it has become pertinent to look inwards into our vast local plants and investigate their
potentials as suitable nuclear and cytoplasmic stains for histologic purpdseswill
effectively reduce theost of imported chemicals which are gradually becoming out of reach
in most laboratories; especially in developing countries including Nigeria. A success in the

search for new stains may increase threifm exchange earnings of thation.

The generalia of this study wato evaluate the histologic effect of fixatives on the staining

properties of extracts ¢dibiscus sabdariffaSorghum bicoloandGarcinia livingstonei
Specific objective of the study wsa

1. To determine the most appropriate fixative for staining histologic sections with

extracts oHibiscus sabdariffaSorghum bicoloeandGarcinia livingstonei



CHAPTER TWO

2.0 LITERATURE REVIEW
2.1 Plant profile
2.2 Hibiscus sabdariffa

2.2.1 Plant Classification (Anon a,2010)

Kingdom: Plantae (Unranked):Angiosperms (Unranked):Eudicots (Unranked):Rosids

Order:Malvales Family: Malvaceae GenusHibiscusand Speciedd. sabdariffa

2.2.2 Plant Description

Theroselle(Hibiscus sabdariffaaccording to Vaidya (2000% a species dflibiscusnative
to the Old World tropics, used for the production bést fibreand as annfusion It is an
annual or perenniglerbor woodybasedsubshrub growing to 22.5m tall. Theleavesare

deeply threeto five-lobed, 8 15cm long, arranged alternately on the stems.

Theflowersare 8§ 10cm in diameter, white to pale yellow with a dark red spot at the base of
each petal, and have a stout flesiajyx at the base, 2 cm wide, enlarging toi3.5cm,

fleshy and bright red as tHeuit matures. It takes about six months to mature (Vaidya, 2000).

2.2.3 Common namesf Hibiscus sabdariffa

The roselle is known as theosella or rosella fruit in Australia. It is also known as
me Snheahtaon the Indian subcontinentTengamorain Assam Gongura in Telugy
Mathipuli in Keralg chin baungin Myanmar bissapin Senegal Guinea BissauMali,
Burkina FaspGhanaBeninandNiger, the CongoandFrance dahor dah bleniin other parts

of Mali, wonjoin the Gambig zoboin Nigeria (the Yorubas in Nigeria call the white variety
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Isapa,karkade( : Arabic pronunciationf © k a 1) k &gym@ ]Saudi Arabia, and
Sudanomuteten Namibig sorrelin the Caribbearand inLatin America Flor de Jamaican
Mexico, Saril in Panamaroselain Indonesia asam payaor asam susuin Malaysia In

Chinese it is (Luo Shen Hup. In Zambia the plant is callddmandain ciBemba

katoloin kiKaonde orwusiin chiLunda(Mohamadet al, 20@®3a)

2.2.4 Phytochemicals oHibiscus sabdariffa

The plants are rich in anthocyanins gmatocatechuic acidThe dried calyces contain the
flavonoids gossypetinhibiscetineand sabdaretindChauet al, 2000). The major pigment,
formerly reported adibiscin has been identified adaphniphylline Small amounts of
myrtillin  (delphinidin  3monoglucoside),Chrysanthenin (cyanidin 3monoglucoside) and

delphinidinare also present (Chatal, 2000;Pauet al, 2002).

2.2.5 Uses ofHibiscus sabdariffa

According to Chau (2000),hé plant is considered to hawamtihypertensiveproperties.
Primarily, it is cultivated for the production bést fibrefrom the stem of the plant. The fibre
may be used as a substitute jtde in makingburlap Hibiscus specifically Roselle, has been
used in folk medicine as a diuretic, mibkativeand treatment for cardiac and nerve diseases

andcancer(Mohamadetal., 20@b).

The redcalycesof the plant are increasingbxportedto AmericaandEurope where they are
used adood colourings Germanyis the main importer. It can also be found in markets as
flowers orsyrupin some countries such &ance where there are Senegalese immigrant
communities. The gredeavesare used like a spicy version gffinach They give flavour to
the Senegalese fish and rice ditiéboudieune Proper records are not kept, but the

Senegalese government estimates national production and consumptionats/@@0 short

6


http://en.wikipedia.org/wiki/Wikipedia:IPA_for_Arabic
http://en.wikipedia.org/wiki/Egypt
http://en.wikipedia.org/wiki/Sudan
http://en.wikipedia.org/wiki/Namibia
http://en.wikipedia.org/wiki/Caribbean
http://en.wikipedia.org/wiki/Latin_America
http://en.wikipedia.org/wiki/Mexico
http://en.wikipedia.org/wiki/Panama
http://en.wikipedia.org/wiki/Indonesia
http://en.wikipedia.org/wiki/Malaysia
http://en.wikipedia.org/wiki/Bemba
http://en.wikipedia.org/wiki/Kaonde
http://en.wikipedia.org/wiki/Lunda
http://en.wikipedia.org/wiki/Protocatechuic_acid
http://en.wikipedia.org/wiki/Flavonoids
http://en.wikipedia.org/wiki/Gossypetin
http://en.wikipedia.org/w/index.php?title=Hibiscetine&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Sabdaretine&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Hibiscin&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Daphniphylline&action=edit&redlink=1
http://en.wikipedia.org/wiki/Myrtillin
http://en.wikipedia.org/wiki/Chrysanthenin
http://en.wikipedia.org/wiki/Delphinidin
http://en.wikipedia.org/wiki/Antihypertensive
http://en.wikipedia.org/wiki/Bast_fibre
http://en.wikipedia.org/wiki/Jute
http://en.wikipedia.org/wiki/Burlap
http://en.wikipedia.org/wiki/Hibiscus
http://en.wikipedia.org/wiki/Laxative
http://en.wikipedia.org/wiki/Cancer
http://en.wikipedia.org/wiki/Sepal
http://en.wikipedia.org/wiki/Export
http://en.wikipedia.org/wiki/United_States
http://en.wikipedia.org/wiki/Europe
http://en.wikipedia.org/wiki/Food_colouring
http://en.wikipedia.org/wiki/Germany
http://en.wikipedia.org/wiki/Syrup
http://en.wikipedia.org/wiki/France
http://en.wikipedia.org/wiki/Leaf
http://en.wikipedia.org/wiki/Spinach
http://en.wikipedia.org/w/index.php?title=Thi%C3%A9boudieune&action=edit&redlink=1

tons) per year. Also iMyanmar their green leaves are the main ingredient in making chin
baung kyaw curryMohammadcet al, 2008) In East Africa, the calyx infusion, called "Sudan
tea", is taken to relieve coughs. Roselle juice, with salt, peppdoetisia and molasses, is

taken as a remedy foiliousnesgVaidya, 2000)

The heated leaves are applied to cracks in the feet and on boils and ulcers to speed
maturation. A lotion made from leaves is used on sores and wounds. The seeds are said to be
diuretic and tonic in action and the brownigtllow seed oil is claimed to heaores on
camelsIn India, a decoction of the seeds is given to relayairig stranguryand mild cases

of dyspepsia Brazilians attribute the stomachic, emollient and resolutive properties of the
plant to the bitter roots (Paat al, 2002). InAfrica, especially th&ahe] roselle is commonly

used to make a sugaherbal teahat is commonly sold on the street. The dried flowers can

be found in every market. Ifhailand, Roselle is drunk &ea, believed to also reduce
choleserol. According to Anon §2010), t can also be made inteine: Hibiscusflowers ae
commonly found in commercial herbal teas, especially teas advertised adldayed, as

they give a bright red colouring to the drink. Roselle is associated with traditional medicine,
and is reported to be used as treatment for several diseasessdugbertension and urinary

tract infectiongMohamadet al, 20@®b).

2.2.6 Production ofHibiscus sabdariffa

China and Thailand are the largest producers and control much of the world supply of
Hibiscus sabdariffa According to Mohamad (206 Thailand invested heavily in roselle
production and their prodtuds of superior quality; whereas China's product, with less
stringent quality control practices, is less reliable and reputable. The world's best roselle

comes from th&udan but the quantity is low and poor processing hampers quality. Mexico,
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Egypt, Senegal, Tanzania, Mali and Jamaica are also important suppliers, but production is

mostly used domestically (Vaidya, 2000).

In the Indian subcontinenfespecially in theGanges Deltaegion), roselle is cultivated for
vegetable fibres. Ros elthe$indicating aresh sbuad) in the St a
region. Most of its fibres are locally consumed. However, the fibre (and cuttings or butts)
from the roselle plant have great demand in various naturatuding industrie§Mohamad

et al, 2008)

2.3 Sorghum bicdor
2.3.1 Plant Classification
(Watt and BreyeBrandwijk, 1962).

Kingdom: Plantae Subkingdom:Tracheobionta Superdivision:SpermatophytaDivision:
Magnoliophyta Class: Liliopsida; Subclass:Commelinidag Order Cyperales Family:

Poaceae GenusSorghum SpeciesS. bicola (L.) Moench.

2.3.2 Plant Description

This is a candike grass, up to 6 m tall with large Im&hed clusters of grains. The individual
grains are smal about 34 mm in diameter. They vary in colour from paielow through
reddishbrown to darkbrown depending on the cultivar. Most cultivars are annuals, few are
perennials (Ricaueét al, 1981). Cultivated and most weedgrghumare norrhizomatous,
culms nodes are either glabrous or shortly tomentose. The inflorescencerectsal. The

branches of the inflorescence alternate.

Sorghumbicolor includes all cultivated sorghums as well as a group of semi wild plants often

regarded as weeds (Stewattal, 1979; Lipinsky and Kresovici,980). Historical records
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and archeological data have not been able to clearly state the origin and domestication of
Sorghumbicolor. Previously 571 cultivars were recognized, but these cross readily without
barriers of sterility or difference in genetialance. Therefore, it makes sense to group them
into a single species. Although this makes it difficult for taxonomists to work with the
species, it is an advantage to the plant breeder because they can manipulate the genretic make
up of this group to acqe best crops (Asmalu and Endashaw, 1988l species are
characterized by distinct ring of long hairs at the nodes, they have loose inflaestith
spreading branches (Dman, 1975). The branches of the inflorescence are whorled. The
leaves look muchike those of maize, they sometimes roll over. A single plant may have
more than twdypes of leaves. The flower head carries two types of flowers, one type has no
stalk and has both male and female parts, and the other flower is stalked and is udeally ma

(Dibb, 1983).

2.3.3 Common names dborghum bicolor

Sorghum (English); graansorghum(Africaans); mabele (Pedi, Sotho, Ndebele); amabele

(Zambia);amazimbgXhosa);dawa(Hausa) (Gillet al, 1977;Morton, 1981) .

2.3.4 Chemistry ofSorghumbicolor

Per 100 g, the seed is reported to contain 342 calories, 12,0,g18.0 g protein, 3.7 g fat,

72.7 g total carbohydrate, 2.2 g fibre, 1.5 g ash, 22 mg Ca, 242 mg P, 3.8 mg Fe, 8 mg Na, 44
mg K, 0.33 mg thiamine, 0.18 mg riboflavin, 3.90 mg niaeind 0 mg ascoiacid (Wuet

al., 1972). The seeds contain butyric, formic, myristic, palmitic, and stearic acids, maltose,
emulsine, and are rather rich in vitamin B (Perry, 1980). Cultivars with highly pigmented
seeds are rich in condensed catedainnin, and other phenols (anthocyanins); these are

usually the darker bird, insect, and/or fungasistant cultivargMorton, 1981).



Based on 1046 analyses, Miller (1958) reported that the Dry Matter (DM) ranges from 71.0
96.3%, averaging 89.0%. On a a@enoisture basis, Crude Protein (CP) ranges froni 8.7
16.8% (mean of 1160 cases, 12.5%her ExtractEE) from 1.4 6.1 (mean of 1159, 3.4%),
Crude Fibre (CF) from 0i43.4 (mean of 1085 cases, 2.7%), ash froni .22 (mean of
1133, 2.2%), and 65.85.3% Nitrogen Free Extract (NFE) (mean 79.2%); Ca from 0.01
0.53% (mean of 227 cases, 0.05%), P from001%2% (mean of 235 cases, 0.35%), C422
ppm (mean of 38 cases = 11), K from 0.2%0% (mean of 16 cases, 0.38%), Mg from 0.02
0.25% (mean of 23 cased=19), Fe from 0.00.018% (mean of 44 cases = 0.005%), and
Mn from Oi 27 ppm (mean of 42 cases 16 ppm), S fromil1%EL% (mean of 6 = 0.18%), Na
from 0.010.09% (mean of 9 = 0.05%), CI from 0i@Z14 (mean of 7 cases = 0.10%), Co
from 0.04 0.73 ppm (meanf 22 cases = 0.3), Zn from 129 ppm (mean of 2 = 15), 1.8.8
ppm thiamin (mean of 50 cases = 4.6),i8.4 ppm riboflavin (mean of 168 cases = 1.5),
3.3 24.2 ppm pantothenic acid (mean of 165 = 125), 11324 ppm niacin (mean of 171
cases = 48.4), 2120.3 ppm pyridoxine (mean of 46 = 5.9), 5883 ppm chorine (mean of

13 =761), and 015.1 ppm carotene (mean of 66 cases = 1.3).

Palmer and Bowden (1975) repsdtmore than 20 4emethylsterols, 4nonomethylsterols,
and triterpenes. Of 254 analyses af doughage, DM ranged from 6284.3% (mean
85.5%). On a zero moisture basis, the dry roughage containietd/306 CP (mean of 256 =
7.9), 1.4 3.8% EE (mean of 256 = 2.5), 1¥38.1% CF (mean of 256 = 26.1), #18.6% ash
(mean of 546 = 8.5%), and 41®/.8% NFE (mean 55.0), 0.2.8% K (mean of 14 =
1.41%), 0.210.4% Mg (mean of 15 = 0.3%), 0.005% Fej 280 ppm Mn (mean of 8115),
0.5110.74% CI (mean of 3 = 63). One Egyptian variety yielded red dye substance
containing durastantalin ¢gH:.0s), quercemstrin, a flavanol, and a crystalline ksiance

resembling pyrocatech@Vatt and BreyeBrandwijk, 1962).
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2.3.5 Phytochemicals oSorghum bicolor

The active staing compound inSorghum bicolo had been extracted and falumo be a
flavonoid (Avwioro et al., 2006), which was previously described as apigeninidin, (3

deoxypelargonidin) by KoudBonafoset al, (1998)

2.3.6 UsesfoSorghum bicolor

Though sorghumis used largely for forage in the US, it is very important in the world's
human diet, with over 300 million people dependent on it (Bukantis, 1980). It is grown for
grain, forage, syrup and sugar, and industrial uses of stems and 8brgsumagrainis a
gsaple cereal in hetlry tropics,the threshed grairs ground into a wholesome flour. Stalks
are used as animal feed and they are important summer fodder where temperatures are high
and rainfall is insufficient for corn and they are most importantifage or green soiling, or

for hay when grown irrigated in very dry areAscording to Ricauet al (1981), he pearled
grain is cooked like rice or ground into floBorghum with large juicy stems containing as
much as 10% sucrose, is used in manufa&cbf syrup; sugar can be manufactured from
sorghum Broomcornis used for making brooms. The seed is used as food, in brewing "kiffir
beer", the kiffir corn malt and cornmeal are fermented to nakieg (a sour mashXhe pith

is eaten, and the sweetltuchewed (Watt and Brey@randwijk, 1962). Arubans make
porridge and muffins fronsorghummeal. Parched seed are used as coffee substitutes or

adulterants (Morton, 1981).

2.3.6.1Folk Medicine

Sorghum is reported to be antiabortive, cyanogenetemulcent, diuretic, emollient,
intoxicant, anda poison. It is a folk remedy for cancer, epilepsy, flux, and stomach ache

(Duke and Wain, 1981). The root is used for malaria in southern Rhd@asibabweg; the
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seed has been used for breast disease amchaéa; the stem for tubercular swellings. In
India, the plant is considered anthelminthic and insecticidal, and in South Africa, in
combination withErigeron canadense., it is used for eczema (Watt and Breygrandwijk,

1962). In China, where the seette used to make alcohol, the seed husk is braised in brown
sugar with a little water and applied to the chest of measles patients. The stomachic seeds are
considered beneficial in fluxes (Perry, 1980). According to Morton (1981), Curacao natives
drink the leaf decoction for measles, grinding the seeds with those of the calabash tree
(Cresentig for lung ailments. Venezuelans toast and pulverize the seeds for diarrhoea.
Brazilians decoct the seed for bronchitis, cough and other chest ailments, possiglyhasi

ash for goitre. Arubans poultice hot oil packs of the seeds on the back of those suffering from
pulmonary congestion. According to Grieve's Herbal (1931), a decoction of ca 50 g seed to a
liter of water is boiled down to ca 1/2 litre as a folk madmn for kidney and urinary

complaints.

2.3.7 Production ofSorghum bicolor

According to Gillset al (1977) n dry-land conditions, the sesdre normally sown in rows,

751 100 cm apart athe rate of 39 kg/ha; higher seed rates used for more humid areas. In
good rainfall or under irrigation, the seeds should be tiatdled or broadcast at the rate of
20i 35 kg/ha, this resulting in more leaf and less heavy stems, also obviating weeéitg. Se
germinate best betweeniZD°C (Ricaudet al., 1981) They are seeded in rows like corn in
most areaglLipinsky and Kresovich, 19805eeding may be as early as March, as in southern
Texas; but date of planting depends on use for which crop is intehd&dpics, sorghums
may be planted nearly anytime. Criggsown on welprepared, firm, moist seedbed. Sezd
planted to depth of 1i% cm dependig on soil texture and moisture. Later amultiple
plantings are often made to equalize forage produ¢hicoughout the season. In subtropical

climates, seeding in late summer or early fall may also be nsighumhybrids are rather
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sensitive to low pH and low P and K availabiliteccording to Gills (1977), enerally
fertilizer with 30' 60 kg/ha P and 6@20 kg/ha K is used. Good respondesm N fertilizer

up to 200 kg/ha have been obtained. Rotational or strip grazing is pradtagsbn, 1974).
Weed control by chemicals or mechanical memmsmportant as crop grows slowly in early
stages. Cultivate oharrow once after plant emergence and later as required; usudlly 1
cultivationsare necessary in tropics. Shallow cultivatissessential to prevent damage to
surface roots. Constant rougirggnecessary of offype plants before flowering for both open

pollinated and hybrid seed producti@Reed, 1976)

2.3.7.1Harvesting of Sorghum bicolor

According to Logson (1974),rgatest dry matter yields are obtained at maturityywben
stems are 8020 cm tall. 8ch heights are suitable for hay, silage, @mneen chop; best
grazed &20i 30 cm height; best regrowtivhen 1015 cm stubblds left. Somesorghum
cultivars are very productive, yielding more dry matter than corn. Sorghum is cut when grain
is in dough stage, and feeding value of fodder is at maxiniRicaud et al, 1981)
Harvesting for green chop or silage is walited to mechanical harvesting due to bulk and
mass involvedSorghumfor silage should be harvested when seeds are in milk to dough
stage. When used for hay, 2 harvests may be made ggason, each with a potential yield

of 2 Militon/hectre MT/ha) or more. Hay is difficult to cure because of the thick culms,
requiring several days in sunshifsmalu and Endashaw, 1998) forage crusher helps
reduce the time. Pasturing is cheapesthod of harvesting forage. For seed, crop is cut by
hand or mower, smaller dwarf types combined. If cut by hdreheadsaredried in heaps
eitheron the ground or ora threshing floor. If entire plant is cut by hand or binder, it should

be stoked anteft in field to dry and mature for 104 days, and then threshed. Sesestored
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at 12 13% moisture or less. Freshly harvested seed may show dormancy. Hard textured seed

may be scarified to improve germinati(@ills et al, 1977)

2.3.7.2Yields and E®mnomics

Seed yields may be as low as 200 kg/ha, or as high as 6,000 kg/ha, depending on cultivar and
growing conditions; below 2,000 kg/aconsidered not profitable.ierage forage yields for

silage include;Sorgo, 'Start’, 54.3/ili ton/hectre MT/ha); 'Honey', 48 MT/Iha; 'Atlas’, 42
MT/ha; Sorgo hybrids, 43i41.4 MT/ha (Reed, 1976%orghumis the fourth most important

world cereal grain, following wheat, rice, and corn. Worldwide, gsmirghumis grown on

more than 40 million hectares, especiallyGhina, India, and Africa. Grasorghumhybrids

are becoming increasingly alalle to American farmers asrasult of the discovery of
cytoplasmic male sterility in 1952. Dibb (1983) compares US yields of 3,300 kg/ha with 900
kg/ha in the developing catries and a reported world record of 21,500 kg/ha. In 18#9

world low production vyield figure was 260 kg/ha grain in Botswana, the international

production yield, 1,322 kg/ha, and the higt826 kg/ha in Spain (FAO, 19Y.9

2.4 Garcinia livingstone

2.4.1 Plant Classification(Anderson, 2010)

Kingdom: Plantage Subkingdom: Tracheobionta Superdivision: Spermatophyta Division:
Magnoliophyta Class: Magnoliopsida Subclass: Delleniidae Order Theales Family:

ClusiaceaeGenusGarcinia L; SpeciesG. livingstonei.

2.4.2 Plant Description

Garcinia livingstoneiis a small tree reaching 18 m in East Africa, pyramidal when young but

later spreading, with thick, woody young branches and yellow to red resin. Laaavesially
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3 in a whorl (may be 4 or opposite), variable in shapeabetisually egg or lanceshaped,
generally 60110 x 3055 mm bluegreen with whitish veins andvaxy. Flowersare in
groups of 515 in leaf axils on old wood, greenish, whitish or yelloseented, male and
bisexual flowers of different structure (Pooley, 1993). Fruit is an orange berd hm in

diameter, with yellowish orange asticky juice.

The genussarcinia includes some 200, mainly Asian species (Mabbe2802). The name
commemorates one Laurent Garcin (16BA51), a French botanist who was active in India,
where the genus garticularly diverseThe specific epithet honours the great explorer David

Livingstone (18131873), who made one of the first records of the tree.

In India and the Far East, some dozens of speci€afinia supply a wide variety of useful
and even necessary items. OBemangostanéhe true mangosteen) is so important that it is
widely known. Mabberley lists three other Asian species with ediblesfrAt least two other
species,G. cambogiaand G. indica provide flavourings for curries; the latter is also the
source of the edible fat called Goa butter.xanthochymuand other species yield the resins
that are processed into the artists' pigmenmh@age Yellow; the same pigment is also used in
dyeing Buddhist priests' robéKillick and Robson, 1976Bampset al, 1978 Mabberley,
2002 Balkwill et al, 2009. Curiously, the resident fruit bats in Durban Botanical Garden
seem not to eat the fruits of this tree, though they make heavy use of everything else that is
edible.G. manniiis used in Cameroon &bhewing sticks. The only other species indigenous
to SouthAfrica is Garcinia gerrardii, which has emerald green, opposite leaves,bhot-

green leaves in whorls of three or f¢g@ampset al, 1978)
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2.4.3 Common namesf Garcinia livingstonei

African mangosteen ( English Afrika-geelmelkhoutAfricaans); umPhimbi, uGobandlovu
(isizulu); mmimbi(xiTsonga);mokongono, mokonongaiPedi) ;jawa (Hausa)(Bampset

al., 1978)

2.3.4. Phytochemistry

A series of 13 known compounds, including seven benzophenones [guttiferofig A (
guttiferone K ), xanthochymol 8), guttiferone E 4), cycloxanthochymol 5),
isoxanthochymol ), and gambogenond){, five biflavonoids [amentoflavone3) , -3, 8 NjNj
biapigenin 9), (+)-volkensiflavone 10), (+)-morelloflavone {1), and (+}fukugiside (2)],

and the xantham derivative alloathyriol 3), were identified from the fruits o&arcinia

livingstonei(ClusiaceaefHui et al, 2010)

2.4.5 Usesof Garcinia livingstonei

Mangosteens are known for their delicious fruits, and the African mangosteen is no exception
to this. Despite the sticky yellow juice, the fruits of this tree are well worth seeking out. The
tree is used in traditional medicine, and in particular the powdered root is usad as
aphrodisiac. Coatg2002) reports that the fruits can be fermented atpleasant alcoholic
beverage'; almost any book on English country wines will give-ddtizen recipes which

could be adapted to make use of these fruits. The wood is susceptible to borers, but has been

used as a generplrpose timbe(Balkwill et al, 2004)

2.4.6 Production of Garcinia livingstonei

According to Coates (2002)he African mangosteen easily earns a place in any warm,

subtropical garden. The form of the tree resembles a piece of angular modern sculpture, and
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the leaves and young brdres are an almost unique shade of deep-gnaen. The fruits are
memorably delightful, and no doubt will cause intense competition between gardeners,

neighboursbirds and monkeysanyone who knows good eatifiguke and Wain, 1981)

The fact that Africa mangosteens appear regularly on the Botanical Society plant sale in
Durban indicates that they are available as small trees from nurseries, at least in this area.
Although it may be harder and possibly less legal to find seeds than ngreeny plants,

Pooley (1993) reported that these trees can easily be grown from seed. Not surprisingly, they

are known to be sensitive to cold.

2.5 FIXATION

2.5.1 Purpose of fixation

The purpose of fixation is to preserve a sample of biological mafgsislie or cells) as

close to its natural state as possible in the process of preparing tissue for examination. To
achieve thisseveral conditions must usually be rffedbx et al.,, 1985;Fosset al, 1994)

First, a fixative usually acts to disable intrinsic biomolecllegarticularly proteolytic
enzymesi which would otherwise digest or damage the sampkrond, a fixative will
typically protect a sample from extrinsic damag@xatives are toxic to most common
microorganisms (bacteria particular) which might exist in a tissue sample or which might
otherwise colonise the fixed tissydoguchiet al, 1997) In addition, manyfixatives will
chemically alter the fixed matial to make it less palatable (either indigestible or toxic) to
opportunistic microorganisms. Finallfyxativesoften alter the cells or tissues on a molecular
level to increase their mechanical strength or stability. This increased strength and rigidity
can help preserve the morphology (shape and structure) of the sample as it is processed for

further analysigBasyuket al, 2000) Even the most careful fixation does alter the sample
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and introduce artifacts that can interfere with interpretation of cellular ultrastructure. A
prominent example is the bacterial mesosomech was thought to be arganellein gram

positive bacterian the 1970s, but was later shown by new techniques developed for electron
microscopyto be simply an artifact of chemical fixatioAccording to Beckstead1994),
sandardization of fixation and otheissue processinprocedures takthis introduction of
artifacts into account, by establishing what procedures introduce which kinds of artifacts.
Researchers who know what types of artifacts to expect with each tissue type and processing
technique can accurately interpsections with artifacts, or choose techniques that minimize

artifacts in areas of intere€biannellaet al, 1997).

2.5.2 Fixation process

Crosset al. (1990) stated thatxation is usually the first stage in a multistep process to
prepare a sample of biological material for microscopy or other analysis. Therefore, the
choice of ixative and fixationprotocol may depend on the additional processing steps and
final analyses that are plann@dayers,1970) For example, immunohistochemistry utilizes
antibodies which bind to a specific protein target. Prolonged fixation can chemically mask
these targets and prevent antibody binding. In these cases, a 'quick fix' method using cold

formalinfor around 24 hourss typically used(Sunget al., 2000)

2.5.3 Types of fixation

There are generally three types of fixation process;

2.5.3.1Heat Fixation: After a smear has been allowed to dry at room temperature, the slide
is gripped by tongs or a clothespin and pdgkeough the flame of a Bunsen burner several

times to heakill and adhere the organism to the sl{éféerneret al., 2000)
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2.5.32 Perfusion: Fixation via blood vessellhe fixative is injected into the heart with the

injection volume matching cardiac output. The fixative spreads through tine leody, and

the tissue does hdie until it is fixed(Crosset al, 1990).This has the advantage of

preserving perfect morphology, but the disadvantages that the subject dies and the cost is
high (because of the volume of fixative needed for larger organisms).

2.5.3.3Immersion: The sample of tissue is immersed in fixa of volume at a minimum of

20 times greater than the volume of the tissue to be fixed. The fixative must diffuse through
the tissue in order to fix, so tissue size and density, as well as the type of fixative must be
taken into account. Using a largermple means it will take longer for the fixative to reach

the deeper tissu@eckstead, 1994)

2.5.3.4Chemical Fixation

According to Foet al, (1985), his is a process whereby structures are preserved in a state
(both chemically and structurally) as close to living tissue as possible. This requires a
chemical fixative which castabilisethe proteins, nucleic acids and mucosubstances of the

tissue by maikng theminsoluble Chemical fixatives of choice are as shown in Table I.

2.5.4 Fixation and Its Effect on Tissue Nucleic Acids

2.5.4.1Fixation

As early as 400 BC Hippocrates discussed the biological efieEabercury and alcohol as a
fixative (FeeneyBurns, 1985 Fox et al, 1985. However, curiosityabout he histological
structure oftissues began only wittine invention of the microscope. Even then, the early
microscopistswere preoccupied with improving their scopes and cared hitleut the
specimens, for anything visible was impressivetly sheer novelty, once attention was

directed toward it bya lens FeeneyBurns, 1985 Fox et al, 1985. A century and
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nanomicron magnifications latéhe importance of the quality of the specimen focuaate
validity of the data were realized. With the advent of technofogyleveloping monoclonal
antibodies that would recognize specdHittigens, the staining techniques were perfected for
in situ identification of proteins using tissue sections (Lggen al, 1996). Several reviews
have discussed extensively the effects of fixation and fixatbresmmunohistochemical

detection of antigenic proteins.

2.5.4. Pre-fixation Parameters

Ideally, tissues should be fixed immediately and compldteiy the living state. In animal
experiments, this can be achiewsdn vivo perfusion. This is not possible for human tissues
for obvious reasons. Most tissues are removed surgicallyisthee is relatively anoxic for
some period because of anaesthasidthe placement of surgical clamps and ligatures to stop
bleeding. The transient anoxia, the changes in local pH, and other environiaeiota may
lead to increased transcription of some genes (fevsal, 1994; Werneret al, 2000).
However,the variabé factors of prefixation are primarily determinieg the nature of the

surgery and as such cannot be manipulated.

2.5.4.3Pre-fixation Time

By definition the prefixation time refers to the time lafigen the surgical excision of the
specimen to the fixative (Godfrest al, 2000). Significant biochemical alterations occur in
tissues withinlO minutes after anoxia (Kingsbust al, 1995 LabatMoleur et al,1998.
Hence, the prefixation time shoule kept at the minimum to minimizgbonucleic acid
(RNA) and protein degradatiorgspecially for tissues with high levels abonucleases
(RNasey and protease$or example, pancreas, gall bladder, and skin (Hipfehl, 1998).

Any surgical procedurex vivoincluding grossing of the specimen and sectioningnaller
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pieces should be performed immediately to preventdbsmnzymes, mitochondrial damage,
decrease in histological mitosesd possible transcription of apoptotic factors because of the
ensuing anoxia (Williamet al, 1999). A loss of 30 to 50% of mitotic figures becaate
delay in fixation by 2o 6 hours has been reported@€set al, 1990). Thigprogressive fall

in mitotic index has been implicated to introdeceors in the gradopof breast carcinoma.

2.5.5 Effect of Formaldehyde Concentration, pH, and Temperature on Tissue

Fixation

The overall rate of formalimduced modification ofdeoxyribonucleic acid(DNA) is
dependent on the concentration, temperature, and pH of the fiXathas been shown that
when reacted at 5°C below the meltiegnperature, the denaturation rate of DNA increases
with increasingconcentration of formaldehyde (McGhee and Von, 19Fdymaldehyde
fixation at room temperature results in poor preservatfdrigh-molecular weight DNA, the
size of the extracted DNBeing directly related to the fixation temperature. Up to 30%
nucleic acid may be lost during fixation ¢(@sset al, 1990; Cross and Start, 1996gveral
studies suggest that tissues fixeddrmalin at 4°C exhibithe least amount of degradation of
the nucleic acids (Tokudat al, 1990; Yagiet al, 1996 Noguchi et al, 1997%.
This hould be kept in the physiological range, between gH Zhe pH forthe ultrastructure
preservationshould be buffered between 7.2 to.7Hypertonic solutions give rise to cell
shrinkage and can result in cell swelling and poor fixatlooreasing the temperature will
increase speed of fixation. However care is needed not to cook the specimen (88&er, 1

Friedrichet al, 2000).

Prolonged tissue hypoxia reduces pH in tissues locally decrehsingeld of quantifiable
nucleic acids (Kingsburgt al, 1995). So also, formaldehyfigation at acidic pH or in the

presence of formic acid caus#sgradation of tissue nucleic acids. As compared to neutral
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buffered formalin, tissues fixed in formaldehyde solutioptat3.0 had a greater number of
artificial mutations (Kingsburyet al, 1995). It hadeen suggested that a higher rate of
depurinationat lower pHcan favour misincorporation of nesomplementary nucleotides
(cytosinein place of thymine) at apurine and apyrimidine sites (Douglas and Rogers, 1998).
Althoughthere have been several reports of successful amplificati@NA from neutral
buffered formalinfixed tissues, the PCRroducts are generally 500 bp or less (Yepal,

1996 Noguchiet al, 1997.

The low-molecularweight DNA may be the result of scission of phosphodiester bacldfone
DNA (Douglas and Rogers, 1998). Interestinggcondary fixation in paraformaldehyae
high pH has been shown to drastically improve the sighial situ hybridization of both low
abundant (zinc finger transcriptioilactor) and high abundant (actin) mRNA in human

mammary glantissue (Basyulet al, 2000).

2.5.6 Alternative Fixatives

A method to overcome the problems of formaldehyde is tansdternative fixative that is
better suited for the preservatiah nucleic acids and proteins. Some of the alternative

fixativesare discussed below.

2.5.6.1Glutaraldehyde

Like formaldehyde, glutaraldehyde is another cdogsng agenfor tissue fixation (Douglas
and Rogers, 1998). An aqueous solution of glutaraldefgld&aric dialdehyde) is a complex
mixture consisting o&pproximately4%f freealdehyde, 16% monohydrate, 9% dihydrate, and
70% hemiacetalUsing its aldehyde functional groups, glutaraldehyde rgaatsarily with

the eamino groups of amino acids and nuclaaids. The coefficient of diffusibility of 4%

glutaraldehydeat 4°C is appximately half that of 4% formaldehyde solution (Bancroft and
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Stevens, 1996; Leongt al, 1996). Although widely used as a fixative for standard electron
microscopy,the slow penetration and the need for periodic purificatoormaintain the
functionalaldehyde levels have greatly limitesl use as a biological fixative. However, it has
been showthat 1% glutaraldehyde at pH 7.0 better preservesimgleculamweight DNA as

compared to 10% formalin (Douglas and Rogers, 1998).

2.5.6.2Genipin

Recently,a naturally occurring crodsking agent, genipinhas been showhy Noguchi et
al. (1997)to react spontaneously with amino acids to fardark blue pigment. After fixation
with genipin, the resistancef the tissue against collagenase degradaiimreased
significantly.It has been suggested that genipin may form intramoleculanterdholecular
crosslinks with cyclic structure within collagém biological tissues. Although no apparent
cytotoxicity wasobserved, the effect of genipin fixation tasue nucleic acids not known

(Sunget al., 2000).

2.5.7 Organic Solvents or Alcoholic Fixatives

2.5.7.1Ethanol and Methanol

Several studies have indicated that noross linking alcoholiaeagents always yielded
superior results as nucleacid fixativesthan aldehydes (Bancroft and Stevens, 1996; Leong
et al, 1996;Giannellaet al., 1997 Noguchiet al, 1997). Ethanol and methanol preserve
nucleicacids better because they bring about little chemical chd@tgesical and chemical
measurements have shown that DNA is largellapsed in ethanol (65% v/v) and methanol.
When the denatureDNA is rehydrated, there is substantial reversion to the oridomai
(Bancroft and Stevens, 1996). The presence of salts is essential for mapiegipitationof

nucleic acids from alcohol. This does not interfere whth subsequent use of nucleases, but
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there may be shrinkagand hence not suited for morphological studies (Lesingl, 1996).
One hundregercent ethanol and methanol are knowbeaexcellent fixativefor preserving
both highmolecular weight DNA and RNA. The lomwolecular weight and rapid tissue
penetration of the alcohdd thought to contribute to the uniform tissue fixation amdimal

loss of tissue coponents (Giannellatal., 1997;Noguchiet al, 1997).

2.5.8 Mixtures of Fixatives

Since no single fixative is ideal for the preservatioralbftissue components, mixtures of

fixatives have been triad an attempt to compensate the shortcomings of one by another.

2581Car noixabve F

Ethanol, 60%; Chloroform, 30%; and Glacial Acetic Acid, 10%ccording to Fos®t al.

(1994), s 0ol ated studies sugge ptima presenatod f nutleicx at i v
acids in tissues. When compatedeutral bufferedormalin (NBF) fixation, RNA was found

tobe easily extr afxdadabuksedivehnd webh pré&sarved vatly anly a slight
degradation of higimolecularweight RNA (Fosset al., 1994). Formaldehyde vapor post

fixation reduces the lossf c el | ul ar RNA f-fixedmissue hhat m&@&gceum oy 6 s
during treatments beforen situ hybridization (UrieliShoval et al, 1992). Ithas been
suggested that at centres without access to frogsmebanking, fixing tissues in alcohol

based fixativeshould beconsidered as an alternative for preserving the tissue molecular
integrity, at least for those limited tissues on which subsedr¢AIDNA analysis may be of

interest (Giannellat al, 1997).
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2.5.8.2Methacarn (Methanol, 60%; Chloroform, 30%; and Glacial Acetic Acid, 10%)

Shibutanietal. (2000).

Substitution of met han ol givesomethaearnh whiclo Has heen Ca r |
shown to be an excellent fixatifer preserving tissue RNA. Using culturedliclines and
rodent tissugsShibutaniet al (2000)have shown thatot only the extraction efficiency but
also the integrity ofhe extracted total RNA from methacdired tissues are comparalite

that from unfixed frozen cells. Furthermore, tbencentratiorof contaminating genomic
DNA is very low in methacarfixed tissues. In contrast to formaliixed tissues, 300to
700-bp fragments of both abundant mRNA and low copy number RNA speodsl be
amplified from methacarfixed tissues (Shibani et al, 2000). It has bedmypothesizedy
Borrebaeck(1998) that the methacarn fixation causes precipitatbnbosomal proteins in

the cells inactivating endogenous RNaaasd/or masking the mRNA from RNase action.
Methacarn fixatioris superior toNBF in retaining antigen immunoreactivity addes not
require antigen retrieval. It has been recommerfdedorospective immunohistochemical
studies and assessing mitandices in tissues (Beckstead, 1994; Borrebaeck, 1998). Using
methacarrixed, pardfin sectionsfrom fetal and infant breast, immunostaining with a panel
ofantibodies to cytoskeletal proteins and kappaein, it habeen possible to define in detalil
the chronological evolutionf the major cell types in the human breast from 16 wexdks

intrauterine life to two years of age, in both sefi@sdkstead, 1994; Borrebaeck, 1998)

2.5.8.3Acetone

Acetone has been used as a fixative in the acetmibylbenzoateylene(AMeX) technique
(Satoet al, 1990). The method involves overnigitation of tissues in acetone a20°C,
then clearing in methylbenzoatad xylene before paraffin embedding. The product has been

shownto preserve good morphology while retaining the immunoreactieitiabile proteins
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such as lymphocyte membrane aatig. SignificantlyAMeX-processed tissues yielded good
quality spooled higimolecularweight DNA suitable for molecular analysis. In addition,
specificsignals (emyc mRNA and albumin mRNA) comparable to RNA frdreshfrozen
tissues could be detected dgt-blot hybridizationusing RNA isolated from AMeXixed

tissues (Satet al., 1991; Sateet al., 1992; Paveliet al.,, 1996) .

2.5.8.4HOPE Fixation

Recently Olert et al (2001) reporteéh novel metbd of fixation that is compatible
forcomplete pathological analysis, including retainimglevant positive features for both
immunohistochemistry angholecular pathology. The HOPE technique (Heglesamic acid
buffer-mediated organic solvent protection effext)Olertet al (2001)consistf inculkation

of fresh tissues in a protecting solution, comprising a mixture of amino acids at pH 5.8 to 6.4.
The protectiorsolution is thought to penetrate the tissues by diffusion. iShisllowed by
incubation in acetone at 0 to 4°C for dehydratibins suggested that the protective solution
also helps in keepinthe capillaries open for the infusion of acetone, thus accelerating
dehydration(Oliver and Jamur, 1999Finally the specimens are directly transfeired low-
melting paraffin and subsequentlynbedded in paraffinEssentially, HOPHixed sections
have been shown to exhilidrmalin-like morphology and provide an excellent preservation
of proteins and antigenic structures for differential analygismmunohistochemical and/or
enzyme histochemitatechniques. More importantly, HOPHixed specimens yielded
sufficient amountsf good quality DNA and RNA even after a period of five years (Gdert
al., 2001). The DNA and RNA were suitable for further molecular andysiCR, RTPCR,
andin situ hybridization. Absence of crodsking and greater yield of extractable nucleic
acids suggest thatOPE fixation offers a distinct alternative fixation mettiodprojects that

aim at establishing tissue barfosset al, 1994).
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2.5.9 Other Fixatives

The use of additional fixatives that incorporate picric gciBoui nés sol uti on),
chloride (BB|]I| Yyesankeadd, Ridl eydt® ingeade didgsueo n s )
penetration, or that contain phenol or heawtal solutions such anc sulfate to improve

protein precipitatiomave been validated in immunohistochemical studies, butithpeaicity

of data in their use as nucleicid preserving agents (UrieBhoval et al, 1992).Several

studies have shown that B5 is a poor fixatifor nucleicacid preservation (Leongt al,

1996).

2.5.10 Microwave (MW) Irradiation

Electromagnetic waves with a frequency between 300 MHz andsB0are classified as
microwaves (Login and Dvorak, 1994licrowave MW) irradiation for tissudixation was
first introduced by Mayers1970), who reported thdtrect exposure to microwasgroduced
satisfactory fixation in botmouse and human pestortem tissues. MW fixation depends on
the chemical environment around the specimen during irramiatiuration of microwave
exposure, and sequence of microwave irradiaéind other chemical or physical fixation
methods. Thus, fivenicrowavefixation methods have been defined. 1) Stabilization wherein
specimengre subjected to microwaweadiationin situ or when immerseh a physiological
saline solution in an attempt to preserve structwigisout the superimposed effects of a
chemical fixative. 2)Fast or ultrafast primary microwavehemical fixation in which
specimenare irradiated by microwawvenergy in a chemical environment fosheort period of
time, ranging from milliseconds to secondsMgrowaveirradiation followed by chemical
fixation involves continuedmmersion of specimens in a chemical fixative such as
formaldehyddor minutes tahours after MW irradiation to improve uniformity fixation. 4)

Primary chemical fixation followed by MW irradiatido facilitate crosslinking of fixatives
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within the specimen5) Microwaveirradiations in combination with freeze fixation limits
freezing artifacts. In general, irradiation times less th@® seconds, final irradiation
temperature between 50 to 5588d solution volume less than 50 ml in containers with at
leastone dimension that iapproximatelyl cm are recommended for good MW fixation

(Loginet al., 1998).

The majoradvantage of microwave stabilization is that thee no chemicals involved that
would extract important componeritem the tissue. However, significant disadvantages in
thismethod include shrinkage, sponginess of tisand,breakdownf red blood cells (Leong,

1991).

According to Boon et al. (1988)as$t primary MWfixation canbe used to enhance diffusion
of fixation reagents into the tissuand to accelerate the chemical process by which the
fixative crosslinks with the protein of the tissue. The reduced exposarerosslinking
chemicals makes it an attractive alternativethod of fixation for ultrastructural and genetic
studiesHowever, simply microwaving tissue in formalin often produtisappointing results
because the outside of the tissue fisesrapidly and well that it effectively prevents further
diffusion of fixative into the central part of the biopsy. Hence, a hypratedure consisting

of first soaking tissue blocks in formalfar a few hours at ran temperature followed by
microwave irradiationfor 1 to 2 minutes at 55°C has been recommended. Excellent
immunostaining has been achieved using this hybrid methégatibn (Login and Dvorak,
1994). The speed with which microwaves can accomgdiisition of both large and small
biopsy specimens is a majasset. The MW fixation method considerably reduces the
processingime with onestep dehydration and orstep clearing beforparaffin infiltration

(Leong, 1991 Ruijteret al.,, 1997)
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Household MWovens provide an economical method for acceleragedple preparation.
However, they have severe limitationdeénms of safety and reproducibility. The magnetrons
with variablewarmup time causes inconsistent production of MW power resuitingon
uniform MW fields. In addition, the MWSs have restrictpdnetration ability that is further
limited by the poor heatonductingproperties of the tissues (Login and Dvorak, 9% an
attempt to overcome thebmitations, experimental tools have been depelbto standardize
and calibrate MW ovens for tissue fixation. The neon bulb calibradoinmaps regions of
high and low power in a MW oven. AgaalineGiemsatissue phantoms help determine the
MW irradiation conditiongthat will uniformly heat a tissu€Login et al, 1998). Using
hepatitis B viru®NA sequences and the type | human procollagen gene as neamkidreer
tissue as a targetisu et al (1991) have showthat microwave fixation in phosphate
buffered saline is superi@o routine formalin fo the preservation of excellent qualiby
genomic and viral DNAs for nucleic acid hybridization analydi®wever, the morphological
preservation of various tissues depeondsgeneration of an optimal temperature for each
tissue, rangingpetween 70°C an85°C. Heating above or below thasenperatures creates

various artifacts such as vacuolation ahdnges in chromatin pattern (Hsual, 1991).

2.5.11 Classification of fixatives:

Fixativesmay be classed as precipitant (P) or4poecipitant (NP) according to their effect
on tissue protein (Georget al, 1981; Werneret al, 2000). Primaryfixatives thatare
precipitant include; chromium trioxide, ethanol, mercuric chloride, methanoi¢ picid and
nonprecipitant fixatives are acetic acid, formaldehyde, osmium tetroxidepatassium

dichromatgGeorgeet al, 198).
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2.5.12 Tissue ProcessingDehydration, Clearing and Infiltration

The aim oftissueprocessing is to remove water from tissues and replace with a medium that
solidifies to allow thin sections to be cut. Biologitissuemust be supported in a hard matrix

to allow sufficiently thinsections to be cut, typically? m ( mi ¢cr o med¢rametees= 1000
1 mm) thick for light microscopy and 8000nm (nanometre; 1,000,000 nanometresmar)

thick for electron microscopy. For light microscopy, paraffin wax is most frequently used.
Since it is immiscible with water, the main constituent of bimakfissue water must first be
removed in the process of dehydration. Samples are transferred through baths of
progressively moreoncentratedthanolto remove the water (Wernet al, 2000). This is
followed by a hydrophobic clearing agent (suchxglene to remove the alcohol, and finally
moltenparaffin wax the infiltration agent, which replaces the xylene. Paraffin wax does not
provide a sufficiently hard matrix for cutting very thin sections for electron microscopy.
Instead, resins are used. Epoxy resins are the most commonly employed embeettiang

but acrylic resins are also used, particulavtyereimmunohistochemistrys required (Drury

etal , 1967). Thicker s ec tdmbedddtisfu@carBatso be put foro 5
light microscopy (Foset al, 1985). Again, the immiscibility of most epoxy and acrylic resins

with water necessitates the use of dehydration, usually with ethanol.

2.5.12. Embedding

After the tissues have been dehydrated,reldaand infiltrated with the embedding material,
they are ready for external embedding. During this processstheesamples are placed into
molds along with liquid embedding material (such as agar, gelatine or wax) which is then
hardened (Beckstead, 94). This is achieved by cooling in the case of paraffin wax and

heating in the case of the epoxy resins (curing). The acrylic resins are polymerised by heat,
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ultraviolet light or chemical catalysts. The hardened blocks containingstuesamples are

then ready to be sectioned.

Formalinfixed, paraffirembedded (FFPE) tissues may be stored indefinitely at room
temperature, and nucleic acids (both DNA and RNA) may be recovered from them decades
after fixation, making FFPE tissues an important resourcéifborical studies in medicine

(Oliver and Jamur, 1999).

Embedding can also be accomplished using frozenfired tissuein a waterbased
medium. Prdrozen tissues are placed into molds with the liquid embedding material, usually
a waterbased glycol, OCT, TBS, Cryogel or resin, which are then frozen to form hardened

blocks.

2.5.12.FBectioning

Sectioning can be done in anety of ways. Vertical sectioning perpendicular to the surface
of thetissueis the usual method. Horizontal sectioning is often done in the evaluation of the
hair follicles and pilosebaceous units (Dretyal, 1967). Tangential to horizontal sectiogin

is done inMohs surgeryand in methods c€CPDMA (Ruijter et al, 1997).

For light microscopy, a steel knife mounted im&rotomeis used to cut -fnicrometerthick
tissuesections which arenounted on a glassicroscope slideFor transmission electron
microscopy, a diamond knife mounted in altramicrotomeis used to cut 5@anometer
thick tissuesections which are mounted on andlimeter-diamete copper grid. Then the

mounted sections are treated with the appropstti&(Bancroft and Stevens, 1996)
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2.5.13 Frozen Sections

Frozen tissue embedded in a freezing medium is cut micebtomein a cooled machine
called acryostat Small pieces ofissue (5 x 5 X3 mm) are placed in a cryoprotective
embedding medium OCT, TBS or Cryogel then snap frozen irsopentane cooled by

liquid nitrogen.Tissue is then sectioned in a freezing microtome or cryostat. Sections are then
fixed in one of the followindixatives absolute acetone for 16 minutes, 95% ethanol for
10-15 minutes or absolute acetof@ 10minutes followed by 95% ethanf@r 10minues

(Ryter, 1988).

2.5.13.]Advantages of frozen sections

1 They give a better preservation of antigenicity
1 Require minimal exposure to fixative

. They are not exposed to the organic solvents

2.6 STAINS

According to Bancroft, (1975)itlogical tissuehas little inherent contrast in either the light

or electron microscopestainingis employed to give both contrast to ttiesueas well as
highlighting particular features of interest. Where the underlying mechanistic chemistry of
stainingis understoodthe termhistochemistryis used.Hematoxylinand Eosin (H&E) are

the most ommonly used light microscopictairs in histology and histopathology.
Hematoxylin, a basic dye, staimsiclei blue due to an affinity to nucleic acids in the cell
nucleus; eosin, an acidic dye, stains typlasmpink. Uranyl acetate and lead citrate are

commonly used to impart contrasttieauein the electron microscope.
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2.6.1 Specialstaining

There are hundreds of various other techniques that have been used to selectively stain cells

and cellular components. Other compounds used to chEsuesections includesafranin oil
red Q Congo red, fast green FCF, silver salts, and numerous natural and adifesahat
were usually originated frorthe development of dyes for the textile indugBeorgeet al,

1981)

2.6.2Histochemistry and Autoradiography

Histochemistryrefers to the science ahemical reactions between laboratory chemicals and
components withintissue A commonly performed histochemical technique is the Perls
Prussian blueeaction, used to demonstraten deposits in diseases likemochromatosis

(Bancroft, 1975)

Histology samples have often been examined by radioactive techniquigistdradiography
a slide (sometimes stained histochemically) isa)ed. More commonlyautoradiographys
used to visualize theotations to which a radioactive substance has been transported within
the body, such as cells Btphase(undergoingDNA replicatior) which incorporate tritiated
thymiding or sites to which radiolabeleudicleic acidorobes bind inn situ hybridization For
autoradiography on a microscopic level, the slide is gipidipped into liquid nuclear tract
emulsion, which dries to form the exposure film. Individual silver grains in the film are

visualized withdark field microscoyp (Bancroftand Stevens, 1996)

2.7 Pre- and Posthistology Artifacts

Artifacts are structures or features firssue that interfere with normal histological

examination. These are not always present in notmmalieand can come from outside
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sources Culling, 1974; Bancroft, 1975;George et al., 1981). Artifacts interfere with
histologyby changing the tissues appearance and hiding structures. These can be divided into

two categories:

Prehistology artifactsare featurs and structures that have be@troduced prior to the
collection of the tissues. A common example of these include: ink from tattoos and freckles

(melanin) in skin samplg&eorgeet al.,1981).

Posthistology artifacts can result fromissue processing. Processing commonly leads to
changes like shrinkage, loo changes in different tissugpes and alterations of the structures
in thetissue Sincethese are caused in a laboratdhe majority of poshistology artifacts

can be avoided or neoved after being discovered. A common example is mercury pigment

left behind after usingenker's fixativeo fix a section(Georgeet al.,1981).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Reagents

Ethanol absolute, normal saline solution, xylene, picric acid, formaldehyde, acetic acid,
hydrochloric acid, sodium bicarbonate, haematoxylin, eosin, Canada balsam, egg albumin,

paraffin wax 68C. All reagents used were of analytical grade and were prepared in all glass

distilled water.

3.2 Fixatives

TABLE Il : SIX COMMON FIXATIVES AND THEIR COMPOSITIONS

S/No. | Fixative Formula
1 Buffered neutral formalin Formalin 100.0ml
NaHPQ, (anhydrous) 6.5
NaH,PO,.H,O 4.09
Distilled water 900.0ml
2 Hei denhai nds | HJClL 459
NacCl (065}
Formalin 20r0l
Trichloracetic acid 4.0ml
Distilled water 80.0ml
3 Calcium acetate formalin | Formalin 10.0 ml
Calcium acetate (monohydrate) 2.0g
Distilled water 100.0 mi
4 Mul | erés f | ui KLCrO; 2.5¢
Na,SO, 1.0g
Distilled water 1000ml
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5 Hel I yos f Il ui ¢KCrO; 2.5¢

HgCl,, to saturation -89
Distilled water 1000 ml
6 Carnoyo6s f | ui Alcohol, absolute 60.0 ml
Chloroform 30.0ml

Glacial acetic acid 10.0 mi

Source:Adapted from Bancroftl975)

3.3 Plant Material and Extraction

3.3.1 Hibiscus sabdariffa

The calyx ofHibiscus sabdariffa( Sobo) was purchased in Maiduguri Monday Market and
was identified at the University of Maiduguri, Department of Botany, Faculty of Sciences and
was compared with voucher specimen deposited at the department. The calyx was thoroughly
washed and dried irhé laboratory for four days. The dried calyx was pounded to a fine
powder using pestle and mortar and then stored in a dry cylinder. The powdered calyx was
extracted with 75% ethanol using Soxhlet apparatus for six hours. The solution obtained was
concentated in the oven at a temperature of @5 and further dried into a fine powder at a

temperature of 50C (Wiamet al 2006).

The same procedure was adopted @arcinia livingstoneiand Sorghumbicolor but here

aqueous extraction was carried out usirf®@pahlet apparatus for six hours.
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Table Ill: The composition of Hibiscus sabdariffa, Garcinia livingstoneand Sorghum

bicolor solutions used in this study.

S/No. | Composition of staining solutions | Hibiscus Garcinia Sorghum
sabdariffa livingstonei bicolour

1. Powdered extract (Q) 5 5 5

2. Potassium alum (g) 5 - -

3. Mercuric oxide (Q) 0.15 - -

4. Distilled water (ml) 100 100 100

5. Absolute ethanol (ml) 30 - -

6. Formaldehyde (drops) - 2 2

3.31 Preparation of Hibiscus sabdariffasolution

Five grams of the dried powered extract obtained was dissolved in 30ml of absolute ethanol.

5 g of alum salt was dissolved in 100 ml of distilled water and boiled. The extract previously

dissolved in ethanol was then added to the boiling water. 0.15 graunc oxide was added

and boiled for ten minutes. The solution was cooled under tap water and stored in brown

bottle until further use (Wiarat al, 2006).

3.3.2 Garcinia livingstoneisolution

Five grans of Garcinia livingstoneiextract was dissolvesh 100 ml of distilled water. Two

drops of formaldehyde was added to prevent the growth of mould. The solution was filtered

twice with Whatmans No. 1 filter paper before use.
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3.3.3 Sorghum bicolor solution

Five grans of sorghum extract was dissolvéd 100 ml of distilled water. Twalrops of
formaldehyde was added to prevent the growth of mould. The solution was filtered three

times with Whatmans No. 1 filter paper before use.

3.4 Tissue Samples/Histological Processing

Table Il above shows theomposition of the various fixatives used in this study. The heart
and kidney tissues used for this study were obtained from a male. fHipbdibarvested tissues

were preserved in fixatives immediately after harvest.

3.4.1 Calcium acetatefixative.

The heart and kidney were fixed in calcium acetate for 48 hours and thereafter dehydrated
through asceridg grades of ethanol (70%, 90% aedolsolute ethanplnd cleared in xylene.

The tissues were piienpregnated in xylene paraffin wax in the oven and embedded in pure
paraffin wax(Drury et al., 1967). Tissues were sectioned at 7 um thickness and were stained
with Haematoxylin and Eosin (H&E), Sorghum and heoxylin (S&H), $bo alone, and
Garcinia livingstonet Sobo (G&S)for light microscopic examination¥he same procedure

was adoptedfade | | yés fi xati ve, B uHeitlemhaiesdSUSAefixative a |

342 Carnoyb6s fixative

The samplesveref i xed i n Carnoyodés fixative for 8
ascending grades of ethanol (90% and absolute ethandl)cleared in xylene. The tissues
were preimpregnated in xylene paraffin wax in the oven and embedded in purdmparak

(Drury et al, 1967) Tissues were sectied at 7 pum thickness andere stained with
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Haematoxylin and Eosin (H&E), Sorghum and Haematoxylin (S&H)bdSalone, and

Garcinia livingstoneit sobo (G&S)or light microscopic examinations.

3.4.3 Mul | fxatides

The samplesver e fi xed in Mullerdés fixative for
dehydrated through ascend grades of ethanol (70%, 90% aadasolute ethanphlnd cleared
in xylene(Drury et al,, 1967) The tissues were piepregnated in xyne paraffin wax in the
oven and embedded in pure paraffin wax. They were sectioned at 7um thickness and stained
with Haematoxym and Eosin (H&E), Sorghum and Haematoxylin (S&Hyb8 alone, and

Garcinia livingstonett Sobo (G&S)for light microscopicexaminations.
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CHAPTER FOUR

4.0 RESULTS

4.1 Microscopic features

When all the animal tissues were examined under a light microscope, theestiective of

sexes exhibited similar histological characteristics.

4.1.1 Heart

Generally, the heart wall has three basic layers; the endocardium, myocardium and
epicardium. Theunica intimaof the heart is the endocardium, the tunica media of thet he
called the myocardium and is thickest in the ventricular walls. The myocardium was made up

of cardiac muscle, the structure that meets the unique functional requirements of the heart.

The tunica adventitiaof the heart, the epicardium (also called ersd¢ pericardium), was
surrounded by a potential space, the pericardial cawhiigh was enclosed by a fibrous sac,

the pericardium (the parietal pericardium). The parietal pericardium was loosely fixed to the
surroundingmediastinal structures. The pligly muscles of the ventricles were extensions of
the myocardium which, via thehordae tendinaestabilise the cusps of the mitral and

tricuspid valves.

The photomicrographelow show the myocardium with its corresponding staining ability.
This is basé on the local stain and the type of fixative used while processing the tissue.
Attempt was made to stain the nucleus and cytoplasm with ethanolic extradisisdus
sabdariffg aqueous extracts @orghum bicoloand Garcinia livingstonewas also usetb

stain the cytoplasmAt various magnifications, the results shown below were observed while

studying the heart.

40



Sobo alone Hibiscus sabdariffa stain, (Plate Ii IX); Haematoxylin and Sorghum stain,
(Plate XXII'T XXXIII); Garcinia and Sobo stair(Plate XLVII i LVIII) and the conventional

Haematoxylin and Eosin stain (Plate LXIX_XXX).

4.1.2 Kidney

In the cortex, numerous renal corpuscles were visible. The corpuscles tended to be arranged
in parallel rows at right angles to the capsule, separated by cortical radial arteries from which
they derive their blood supply. Most of the cortical parenchymaosgoding the renal

corpuscles consist of proximal and distal convoluted tubules.

Renal corpuscles appeared as dense rounded structures, the glomeruli, surrounded by narrow
Bowmanbés spaces. It was evident thatymat he 1t u
between the renal corpuscles differed from one another in diameter, shape and staining

intensity.

Attempt was made to stain the nucleus and cytoplasm with ethanolic extradisisdus
sabdariffg aqueous extracts @orghum bicolorand Garcinia livingstoneiwas also used to
stain the cytoplasmAt various magnifications, the results shown below were observed while

studying the kidneys.

The photomicrgraphs below emphasize the renal corpussid the glomerulusvith its
corresponding staining abilityhis was based on the local stain and the type of fixative used
while processing the tissu& o me o f the fixatives produced
space due to shrinkage effect on the tissue on preservatio/arious magnifications, the

results wee observed while studying the kidney;
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Sobo aloneHibiscus sabdariffastain, (Plate X XXI); Haematoxylin and Sorghum stain,
(Plate XXXIVi XLVI); Garcinia and Sobo stain, (Plate LiXLXVIII) and the conventional

Haematoxylin and Eosin stain, (Plat&XXI 1 XCII).
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Pl e | : Heart ( Hatve,dHaemataxylindaed ESsih §HandrE).

At a lower magnification of x 100, the muscle fibres (M) andreertive tissues (Chetween

the muscle fibres of the heart are clearly differentiated with H and E stain. At a higher
magnification of x 400, the nuclei within the sarcoplasm are evident. Méth d enhai n6s SL
fixative, Haematoxylin stains the nuclei (N) purplish while Eostiains the cytoplasm (C)

pinkish.
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Pl ate 11 : paie)Haematexylin &ng Bosin (A and E).

At a lower magnification of x 100, the muscle fibres (M) andrartive tissues (Chetween

the muscle fibres of the heart are clearly ddfgiated with H and E stain. At a higher
magnification of x 400, the nuclei within the sarcoplasm are evident. Méth d enhai n6s SL
fixative, Haematoxylin stains the nuclei (N) purplish while Eosin stains the cytoplasm (C)

with an orange colouration.
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Pl ate 111 : ikbhéve)rHaematdkuih dne Eosins(H d&nd E).

The photomicrograph at x 100 illustrates the muscle fibres (M) and connective tissues (Ct),
with the muscle fibres having an orange colour. At a higher magnification of x 400, the nuclei
within the sarcoplasm ar e eviidsamdthe nWieitn) Mul |

purplish while Eosin stains the cytoplasm (C) with an orange colouration.
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Pl ate | V: Huaive)l Haén@exylm ang Bosin (A and E).

The photomicrograph at x 100 illustrates the muscle fibres (M) and comnéisisues (Ct),

with the muscle fibres having a brownish colour outline. At a higher magnification of x 400,
the nuclei within the sarcoplasm are evident
nuclei (N) purplish while Eosin stains the cytopla&) brownish instead of pink due to the

effect d the fixative.
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Plate V: Heart (Buffered Formalini¥ative), Haematoxylin and Eosin (H and E).

The photomicrograph at x 100 illustrates the muscle fibres (M) and connective tissues (Ct),
with the muscle fibres having a purple colour outline. At a higher magnification of x 400, the
nuclei within the sarcoplasm are very distinct. With Buffered Fommdixative,

Haematoxylin stains the nuclei (N) purplish while Eosin stains the cytoplasm (C) pinkish.
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Plate VI: Heart (Calcium acetatéxgtive), Haematoxylin and Eosin (H and E).

The photomicrograph at x 100 illustrates the muscle fibresaiMl) connective tissues (Ct),
with the muscle fibres having a brownish colour outline. At a higher magnification of x 400,
the nuclei within the sarcoplasm are evident. With Calcium acetate fixative, Haematoxylin
stains the nuclei (N) purplish while Eositaisis the cytoplasm (C) brownish instead of pink

due to the effectfd he fi xative similar to Carnoyos f
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PlateV Il | : Ki dney ( Heiatiye,Rdematoxylin and Ebdih§HandrE).

The renal corpuscles (RC) at x 100 and the glomeratux 400 magnificatiswere clearly
demonstrated. The cells of the glomerular nuclei within the glomerulus (G) stained purplish

with Haematoxylinwhile Eosin stains the cytoplasm (C) brownish instead of pink due to the

effect d the fixatve TheBowmandés space (BS) was <clear due

fi xative. The Bowmands capsule (BC) can al so
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Pl ate VI I I iKative)iHaeymatdxyliheamd Egsid (B ané E).

The renalcorpuscles (RC) at x 100 and the glomerulus at x 400 magnificatiere clearly
demonstrated. The cells of the glomerular nuclei within the glomerulus (G) stained purplish
with Haematoxylinwhile Eosin stains the cytoplasm (C) brownish instead of pinktaltlee
effect d the fixatve The Bowmandés space (BS) was <cl ear

fi xative. The Bowmands capsule (BC) can al so

50



Pl at e | X: Ki ixhtive)HaetndibuylinlangEosid @ ané E).

The renal corpuscles (RC) at x 100 and the glomerulus at x 400 magnifscatom clearly
demonstrated. The cells of the glomerular nuclei within the glomerulus (G) stained purplish

with Haematoxylinwhile Eosin stains the cytoplasm (@jth an orange colour instead of

pink due to the effect of the fixative The Bowmands space (BS) W
shrinkage effect of the fixative. The Bowman

the kidney cortex (Cx).
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Plate X: Kidng ( C a r ixativg),Hamafoxylin and Eosin (H and E).

The renal corpuscles (RC) at x 100 and the glomerulus at x 400 magnifscatom clearly
demonstrated. The cells of the glomerular nuclei within the glomerulus (G) stained purplish

with Haematoxyln while Eosin stains the cytoplasm (C) greyish instead of pink due to the

effect of the fixatve The Bowmandés space (BS) was <cl ear

fixative. The Bowmandéds capsule (BC) chan al
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PlateXI: Kidney (Buffered Formalin xative) Haematoxylin and Eosin (H and E).

The renal corpuscles (RC) at x 100 and the glomerulus at x 400 magnifscatom clearly
demonstrated. The cells of the glomerular nuclei within the glomerulus (G) stained purplish

with Haematoxylinwhile Eosin stains the cytoplasm (C) pinkish The Bowmands spaé
was clear due to the shrinkage effect of the fixative. TheBawn 6 s capsul e (BC)

clearly seen within the kidney cortex (Cx).
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Plate XlI: Kidney (Calcium acetatei¥ative), Haematoxylin and Eosin (H and E).

The renal corpuscles (RC) at x 100 and the glomerulus at x 400 magnifscatom clearly
demonstrated. The cells of the glomerular nuclei within the glomerulus (G) stained purplish

with Haematoxylinwhile Eosin stains the cytoplasm (C) pinkish The Bowmands spaé
was cl ear due to the shrinkage &€Cfcanastobef t he

clearly seen within the kidney cortex (Cx).
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Pl ate XI 11 : ixheva)rSoboél@®dear noyos F

At a lower magnification of x 100, the muscle fibres (M) andreective tissues (Chetween

the muscle fibres of the heart are clearly differentiated with Sobo stain. At a higher
magnification of x 400, the nuclei within the sarcoplasm are evident. With Carnoy fixative,
Sobo alone stains the nuclei (N) dark brown while the cytoplasning€)a lighter shade of

brownish colouration.
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PlateXIV: Heart (Buffered Formalin Eative), Sobo alone.

The connective tissues (Ct) and muscle fibres (M) preserved with Buffered formalin gave a
light brown colouration with Sobo alone stain al®0. The insertion of x 400 reveals the

dark brown stained nuclei (N) and greyish cytoplasm (C).
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Plate XV: Heart (Calcium acetatexitive), Sobo alone.

The connective tissues (Ct) and muscle fibres (M) at a magnification of x 100 were distinctly
stained upon preservation with Calcium acetate formalin. At a magnification of x 400, the

insert show a dark brown stained nuclei (N) and a light brown cytoplasm (C).
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Pl at e XVI : Hkatige), Bobq atbeel | y 6 s

The connective tissues (Ct) and muscle fibres (M) were clearly stained and well differentiated
upon preservation with Hellyods fixative. Sob

of brownish colouration
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Pl ate XVI I Baiewe), $oboaldnel | er 6 s F

At a magnification of x 400, the effect of the fixative upon the myocardium when stained

with Sobo alone gave rise to a dark brown nuclei (N) and a light brown cytoplasm (C).
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Plate X1l I I : Heart ( Hé&atigep Sobhoaalonred6s SUSA F

The connective tissues (Ct) and muscle fibres (M) were not well differentiated when stained

with Sobo alone due to the effect of the fixative on the tissue.
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Plate XIX:Ki dney ( Hei d eiative),iSabd slon&s US A F

Thehi st ol ogi cal features of the kidney were w
the renal corpuscles (RC) at x 100 and the glomerulus at x 400 magnifscagom clearly
demonstrated. The cells stained while using Sobo alone had various shadesviatHp

colouration, the glomerular nuclei within the glomerulus (G) had a dark brown colour. The
Bowmanés space (BS) was clear due to the shi

capsule (BC) can also be clearly seen within the kidney cortex (Cx).
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Pl ate XX: K i ixhtive),ySobp dlané. | y 6 s F

The histological features of the kidney wer
corpuscles (RC) at x 100 and the glomerulus at x 400 magnifisati@re clearly
demonstrated. The cells stained while using Sobo alone had various shades of brownish
colouration, the glomerular nuclei within the glomerulus (G) had a dark brown colour. The
Bowmanés space (BS) was <cl| eair xatuievea.o Thhe Bdwu

capsule (BC) can also be clearly seen within the kidney cortex (Cx).
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Plate XXI: Kidney (Mullers kxative), Sobo alone.

The histological features of the kidney were well preserved in Mullers fixative, the renal
corpuscles (RC) atx 100 and the glomerulus at x 400 magnificasionere clearly
demonstrated. The cells stained while using Sobo alone had various shades of brownish
colouration, the glomerular nuclei within the glomerulus (G) had a light brown colour. The
Bowmano6sBS)pawes (cl ear due to the shrinkage

capsule (BC) can also be clearly seen within the kidney cortex (Cx).
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Pl ate XXI1: KixaiveeSoboaldrer noyoés F

The photomicrograph suggests that the histological featwf the kidney were well
preserved in Carnoy,s fixative, the renal corpuscles (RC) at x 100 and the glomerulus at x 400
magnificatiors were clearly demonstrated. The cells stained while using Sobo alone had
various shades of brownish colouration, the glomerular nuclei within the glomerulus (G) had

a dark brown colour. The Bowmandéds space (BS)

fi xative. The Bowmanés capsule (BC) can al so
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Plate XXlI: Kidney (Buffered Formalin ative), Sobo alone.

The histological features of the kidney were not well demonstrated with preservation in
Buffered Formalin. The Sobo stain did not highlight features of histologic interest clearly.
However, the nuclei (N) stained dark brown while the cytoplasm (C) had a lighter shade of

the brownish colouration.
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PlateXXIV: Kidney (Calcium acetate ikative), Sobo alone

The histological features of the kidney were not well demonstrated with preservation in
Buffered Formalin. The Sobo stain did not highlight features of histologic interest clearly.
However, the nuclei (N) stained dark brown while the cytoplasjrh@@ a lighter shade of

the brownish colouration.
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PlateX XV: Heart ( He iixdtige), Haeinaiodyn + Stighun (HFand S).

At a lower magnification of x 100, the muscle fibres (M) armahrective tissues (Ct),

between the muscle fibres of the heart are clearly differentiddéith H and S stainthe

muscle fibres had a brownish colouration. At a higher magnification of x 400, the nuclei
within the sarcoplasm are evi dentxylins@ingdh Hei d

the nuclei (N) purplish while the cytoplasm (C) had a greyish colouration.
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Pl at e XXVI : ikhdva)rHaematbkgih + So@ham (H and S).

At a lower magnification of x 100, the muscle fibres (M) armahrective tissues (Ct),

between the muscle fibres of the heart are clearly differentidééth H and Sstain the

muscle fibres had a brownish colouration. At a higher magnification of x 400, the nuclei
within the sarcoplasm are evi de ndtthenudlei(Nh Hel |

purplish while the cytoplasm (C) had a greyish colouration.
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Pl ate XXVI I : Fitdeve) rHaemétdtyin H Serghéns (H and S).

At a lower magnification of x 100, the muscle fibres (M) arahrective tissues (Ct),
between the muscle fibres of the heart are clearly differentidiéith H and Sstain the
muscle fibres had a brownish colouration. At a higher magnification of x 400, the nuclei
within the sarcoplasm are evi de nned theWicleih

(N) purplish while the cytoplasm (C) had a greyish colouration.
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Pl ate XXVI I I : ixitieep Haematoxylan - SaoghuingH aRd S).

At a lower magnification of x 100, the muscle fibres (M) andrective tissues (Chetween

the muscle fibres of the heart are clearly differentia#®ih H and Sstain the muscle fibres

had a light purple colouration. At a higher magnification of x 400, the nuclei within the
sarcoplasm are evident . Wistained @anucied(N)dpurplishi x at i

while the cytoplasm (C) had a greyish colouration.
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PlateXXIX: Heart (Buffered Formalin Kative), Haematoxylin + Sorghum (H and S).

At a lower magnification of x 100, the muscle fibres (M) andhrextive tissues (i
between the muscle fibres of the heart are clearly differentiiféth H and Sstain the
muscle fibres had a light purple colouration. At a higher magnification of x 400, the nuclei
within the sarcoplasm are evident. With Buffered Formalin fixative, Haematoxylin stained

the nuclei (N) purplish while the cytoplasm (C) had a greyish calioura
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Plate XXX: Heart (Calcium acetatexative), Haematoxylin + Sorghum (H and S).

At a lower magnification of x 100, the muscle fibres (M) andraztive tissues (Chetween

the muscle fibres of the heart are clearly differentia#ih H ard Sstain the muscle fibres

had a light purple colouration. At a higher magnification of x 400, the nuclei within the
sarcoplasm are evident. With Calcium acetate fixative, Haematoxylin stained the nuclei (N)

purplish while the cytoplasm (C) had a greyesthouration.
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Plate XX X : Ki dney ( H e ixative)idemdtorylih 3 Sofhus (N and.S)

The histological features of the kidney wer e
the renal corpuscles (RC) at x 100 and the glomerulus 400x magnificatios were not

clearly demonstrated. The cells of the kidney cortex stained generally brownish while using

H and S, the glomerular nuclei within the glomerulus (G) had a purplish colour. The
Bowmanés space (BS) wasefdélear ofue hteo fti kat sk

capsule (BC) can also be faintly seen within the kidney cortex (Cx).
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Pl ate XXXI I : Kative)Heeymatokylhe Borghud g4 arfd.S)

The histological features of ¢ fixaivekthedemady wer
corpuscles (RC) at x 100 and the glomerulus at x 400 magnificati@ne not clearly
demonstrated. The cells of the kidney cortex stained generally brownish while using H and

S, the glomerular nuclei within the glomerulus (G) haduarpp | i sh col our . The
space (BS) was <clear due to the shrinkage ef

can also be faintly seen within the kidney cortex (Cx).
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Pl ate XXXI I 1 : iKative)kaeiyatoXylM st Soigreim @ arg). F

Mul | er 6s f i xat iolgcal featwes of the lkddiethe heral cbrpusctes (RC)

at x 100 and the glomerulus at x 400 magnificagiere not clearly demonstrated. The cells

of the kidney cortex stained generally brownish while using H and S, the glomerular nuclei
within the glomerulus (G) had a purplish col
the shrinkage effect of the fikai v e . The Bowmandés capsule (BC)]

within the kidney cortex (Cx).
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Pl at e XXXI V: KixativeeHgemétaRydnr+ Saghiut ¢H arkd.S)

The histological features of the kidney were welt e ser ved i n fanremaloy 6s f
corpuscles (RC) at x 100 and the glomerulus at x 400 magnifisatia@re clearly
demonstrated. The cells of the kidney cortex stained generally brownish while using H and

S, the glomerular nuclei within the glomerulus (G) had a purplish cololme Bowmanoé s
space (BS) was clear due to the shrinkage ef

can also be clearly seen within the kidney cortex (Cx).
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Plate XXXV: Kidney (Buffered Formalin Eative) Haematoxylin + Sorghum (H and.S)

Buffered Formalin fixative preserved the listgical features of the kidneythe renal
corpuscles (RC) at x 100 and the glomerulus at x 400 magnificati@ne not clearly
demonstrated. The cells of the kidney cortex stained generally brownish whigeHisind
S, the gl omerul ar nucl ei within the gl omeru
space (BS) was <clear due to the shrinkage ef

can also be faintly seen within the kidney cortex (Cx).
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PlateXXXVI: Kidney (Calcium acetate ikative) Haematoxylin + Sorghum (H and.S)

The histological features of the kidney were well preserved in Calcium acetate fixative, but
on staining the renal corpuscles (RC) at x 100 and the glomerulus at x 400 magn§ication
were poorly demonstrated. The cells of the kidney cortex stained generally brownish while
using H and S, the glomerular nuclei within the glomerulus (G) had a purplish colour. The
Bowmanés space (BS) was cl ear dueTheo Bohwemasnhii

capsule (BC) can also be clearly seen within the kidney cortex (Cx).
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Plate XXX VI | : Heart ( H eaxatideg Gdrcnia h Hobo (GG D. F

At a lower magnification of x 100, the muscle fibres (M) andrmztive tissues (Chetween

the muscle fibres of the heart were not clearly differentidiéith G and S stainthe muscle

fi bres had a yell owish colouration. At a hi
SUSA fixative, Sobo stained the nuclei (N) brownish while themasm (C) had a greenish

yellow colouration.
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Pl ate XXXVI I I ixatiteg Garcinia £ Soleol(G andy). F

At a lower magnification of x 100, the muscle fibres (M) andrective tissues (Chetween

the muscle fibres of the heart weret mtearly differentiatedWith G and S stainthe muscle

fi bres had a yell owish colouration. At a hi
SUSA fixative, Sobo stained the nuclei (N) brownish while the cytoplasm (C) had a

yellowish colouration.
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Pl ate XXXI X: MHaiwe) GarcifidviuSobo €GraddsS). F

At a lower magnification of x 100, the muscle fibres (M) andrective tissues (Chetween

the muscle fibres of the heart were not clearly differentidiéith G and S stainthe musle

fi bres had a yell owish colouration. At a hi
SUSA fixative, Sobo stained the nuclei (N) brownish while the cytoplasm (C) had a

yellowish colouration.
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Pl ate XL: H exative) Ga(ciGia ¥Sobo (G ansl S)F

At a lower magnification of x 100, the muscle fibres (M) andrective tissues (Chetween

the muscle fibres of the heart were clearly differentiat®ith G and S stairthe muscle fibres

had a greyish colouration. At a higher ma g n
fixative, Sobo stained the nuclei (N) purplish while the cytoplasm (C) had a greyish

colouration.
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PlateXLIl: Heart (Buffered Formalin &ative), Garcinia + Sobo (G and S).

At a lower magnification of x 100, the muscle fibres (M) andretive tissues (Chetween
the muscle fibres of the heart were not clearly differentidiéith G and S stainthe muscle
fibres had a yellowish colouration. & hi gher magni fication of
SUSA fixative, Sobo stained the nuclei (N) brownish while the cytoplasm (C) had a greyish

colouration.
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