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Many peopie are cxposed 10 the ¢isk of cyande polsoning in Nigera through consunpiion o
¢y nide containing foods. Telfurriv acctdetialts and Corchorus alitorns contain cysicine and
methioninc which have some detoxifying cffcets on cyanide poisomng- However. these Is
dearth of information about the amelioraling cflects ol these vcpetables on €y anide porsomng
when used as dictary supplements in animab models, The study therefore asseswed thie clitcacy

of these lwo vegetables on cyanide poisoning in Ratty ratiny,

[hiny male aibino Wistar rals ot 7wecks old were fed on commescial rx pellcts and waler
adlibinum lor four weeks. They were randomly allocaied to live ieatments and onc contrel
groups. Lyophiliced water exiracis of Telfuiria occiderialis and Curchoris 0iHOrus Were
reconstituled in waler o give concentration of 3mg/1. The groups were weatcd with Polussiin
cyanide (KCN) (3ImE/kg)and uqucous vegetable cxtract (3my/1) as lollovs. distilled watcronly
(Conteob group §); Dilinc agucous KCN only (group 2); KCN and Telfrin vecldeutalis extadt
(group 3): . CN and Corchorus oliforus extracts (group 4): ! elfruria oceufentalix ¢ xtract only
(group S): Corchorus oliorns cstracts only {pgroup 6). Physical chankes. body weight, oculat
lesion and nassidischarge were Jocumented .Biochemical analysis invotving detceting ievelsol
Alnsine Amino Transaminase (ALT). Aspanaic Transaminase (AST) and Afkaline Plinsphatase
(ALI*) were uscd as indicators for liver damage. Sections ol the brain, liver and Kidney wese

exsmimed moiphologically. The resulls were analyzed using descriptive statistics and ANOVA,

1he mcan rat weight chanige were 24.0:47.6 (Control group ), .7.0£19.7 (CN only}, 9.0433.5
(CN + Telfiurit ucondensahs extract), -5.0£30.5 (CN Corclaruy olftonis ¢x1ces). 33:905
(Tulfnrio occidentols extracl onky) and 12.04:20.1g i archor olitorns extracts only) forrals
in groups | 1O 6 espectively (p<0.05). | group 3 (CN + Telfuiria occidemalis exirnet). 17,1%
of the rts hid ocular lesion while ocular (esion occurrcnce was 28.6%% in grop 4 (ON
Corchuries olitarus cxIcs) and 67.1% in graup 2 (CN onty) (p<0.0%). Skmy nasol discharge
was found in 22,9% of rats in group 4 (CN + Corchorus aditoriny extracis) and 24.6 % in group
2 (CN onty). No discharge %3S found m gravps | (Control group). gréup J(CN ¢ Telftirio
accldentally exieacy), group 3 (Telfuirla otcideralis elescl only) and group & {Corchunt
abuires extracts only), Runges of volues for ALl were 12- 69 1Y/, (unitsfiiter) (Control proup§,
13.78 1¥L {CN only). §5.63 U/ILCN + Telfnrto occldenaliy extract), 22-74 1 {ON ¢

Carcharus oltionts exiracts) and 2-69 UL (Telfarrin occrdeatlrs extiacl onlv} snd 7-70

v
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UiLtCorchorus olisurus extracts only) for ruls in groups 1 to 6 respectinely. tadicaung liver
damage in greups 2 (CN only) and group 4 {CN + Curchurus ohtaray cxteacis).
Histopathological analysis indicated that cyanide caused the following changes in the ats: liver
mullifocal degeneration, necrosis and slight congestion of the kidneV' and brain in the rats 1n
group 2 (€N only): mild congestion of the kidncy with no visible lesion of the brain and kidney
was observed in the rats of geoup 3 (CR + Telfuirta ocordentalis cxteact): focal hepalic
degencration and nccrosis with no visible lesion in the brain were observed in mais of group 4
(CN + Curclwros olitgrus cxiracts) No visible lesion of the liver and brain were observed in
rats of group § Telfriria ocenfentolis exiract only) and group 6fCorckorus olitorus ¢xiracts

only). Al ro1s in oup 1 (control geoup) had normal vaiucs for nil assessed paramclers.

Ielfairia occidentaits und Corchorus olitorus reduced cyanide 1oxicity in the rais fed with them

implying that thcy havc dctoxification properties, Telfairke accideatisls however had more
detoaification cf¥ccts.

Keywerds:  Cyanide poisoning, Rattus ranus. Corcliorus oliioris, felfairia ocenhatulis,

Dctoxilication
\Wordcount: 498
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CHAPTER ONE

INTRODUCTION

LI NACKGROUND INVORMATION

Cyanides ane both man-made (tmd natwnally occurring substances. In nawre they are found (n
severdl pilant species as cyanogenic glycosides and are produced by certain bactce, lunga,
abgac anil panticularly cassavi, It Is prodiced by uver 1,000 plimt species ingudm sorghum,
bamboo ond vsssava. Relatively bow ¢oncenitations of cyanile can be highly icxic to people
and wildllfc (NTSDR, 1989) Cassove accounts for 1.5 per cenl of the food consumed n
Ogun. ki, Osun, Oyo and Ondo States Foemer Western Region), 25 compared 0 53 per
cent i lendel State (Midwest) and -15 per cent in Anambra and Imo States (Easi Central)
(Okigbo, 19%9). Cassava supplics the bulk of the encrgy intake in Southem Nigeria as
companed 10 other siaples; there ate sevenal casstva-bascd food preparations for different

petiods of the day and vorious occasions {Okigbo. 1999),

1.2 SOURCES OF CYANIDE

1.2.1 MAN MADE SOURCES AND USES

Cyanide 15 relcascd into 1he environment fiom numcrous sources as a reseit of human
activiiies. Metal Sinishing and orgamc chemical finishing indusirics as well as wrop and Steel
production arc majos sousrccs of ¢vanide releases to the agquatic enviranment. Mone than S0%
of cmissions to the air are allributed t0 releases in suiomobile cxhdua (ATSDR. 1989) L

Workicrs in a wide varicty of occupations may be cxposcd lo cyanide. The general papulatn

ma)y also pe eapascll 10 cyunizie by Inhalmion of conlaminaled air. ingestion of a varicty of
foeds or compminated drinking winer (ATSDR, 1989), Anthropogenic sources of csanile
relcased into the enviranment are diverse. Tlumans nre eaposed o gas. liguid and <olid teams
of cranide from & brosd range ol natuml, Industsiat and aiwhmpogenic wweses. Many
chemica) formy of cyimide arc also nsed n idustrial appheaiions or are present m thx
cnvironment, Tlic cyimlde anton CN #s the pnmary 1nxic ¢hicnitval regardicss of eeging\W i),
2004). Suurces of cyanide releases fsun mdusirles tctude chemical manuwfovtueing i

twecess (g plantaasch ay metallurgical and metal plating industiics atid vatiact ol gk and

e R —
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sifver from low-grade ores. @ther sources include volalilization from cyanide wasles disposed
ofT in landfills and waste ponds, cmissions from municipal solid waste incinerators. hiomass
buming and fossil fucls combustion including vchicle emissions, fumigation operalions und

the production of coke or other coal carbonization procedure.(\WWHO. 2003).

Hydrogen cyanide is a product of combustion. including the exhaust of intemal combustion
engincs. tobncco smoke. and cspecially some plastics derived from acrylonitrtle (because of
the fatier cflect, house fires can resull in poisonings of the inhahitants.) Potassium
ferrocyanide is used Lo achieve a bluecolor on cast bsonze sculptures during the final finishing
sage of the sculptute, On its own. it will producca very dork shade of blue and is often mined
with other chemvicals 1o achicve the desited 1int and hue. M is applicd using a torch and paent
brush while wearing the slandard ssfety cquipment used for any painting application: rubber
gloves. safety glasses. and a respirator. The actual amount of ¢yanide in the mixture varies

according 10 the recipes uscd by each foundry (ATSDR. 2006).

a) Mg

Gotd and silver cyanides arc among the very few soluble forms of these metals. and cyamides
arc thus used in mining as well as clectroplating, mctallurgy, jewehy, and pholography. In
cyanick procesy (for the mining of gold and silver), finely geound highgrade oic is imxed
with cyanidc (concentration of aboul two kilogram NaCN per tonnc): low-geade ores arc
stacked into heaps and sprayed with eyanide solution (concentration of about one Kilogrem
NaCN per ton). The precious-ntetnl cations are comptexed hy the cyanide anions to fonn
solublc derivatives. e.p. JAu (CN) 2} and {AR(CN):]

2AU + 4KCN + ¥ 0y +11:0 — 2K |Au (CN),] + 2KOM

2Ag+4KCN + 440; + 150 — 2K |Ag (CN)o] +2KOH

Silver ts less "noble” than gold and often occurs as the sulfide, in which case redox s not
invokcd (no Q) is required), instcad a displacement reaclion occurs
NS KON == 2K [AB (CN) 3] 4+ K:S

fhc "pregnant liquor” conlaining these lons is scpamted (fom the solids. which are discanled
to o 18iling pond or spent heap, the recoverable gold having been removed. The metal is
recoscred from the “pregnant solution® by’ reduction with zige dust o by adsoiption onto

atlsvaled carbon, ‘This process can resuh in environmental and health problems. Aqucous

2
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cyanide is hydrolyzed rapidly, cspecially in sunlight. it can mobilize some heavy mcials such
as merciy i f present. Gold can also be associated with srsenopyrite (FeAsS), which is simitar
lo iron pyrite (fool's gold), wherein half of the sulfur atoms are replaced by arsenic, Au-

conlaimng arscnopyrite orcs are similarly reactive toward cvanide.

b) Fishing

Cyanides arc illegally uscd to capture live (ish ncar coral reefs for the aquatium and scalood
markcls {ATSOR. 2006). This lishtng occurs mainly in the Philippmes. Indoncsia and the
Caribbcan to supply the 2 million marinc aquarium owners in the world. In this mcthod. a
diver uses a large, necdieless syringe to squint a cyenide solution into areas wherc the fish are
hiding, stunning thcm so that they can b casily gothered. Many fish caught in thts fashion dic
inmediately, or in shipping (ATSDR. 2006). Those thay survive to tind thcie way inlo pet
stores often dic from shock. or from massive digestive damoge. The high concentrations of
cyanide on reefs on which this has occurred has resulied in cases of cyamide porsosting among

local fishermien and their (@mibics. as well a5 irteversible damoge to the coral reefs themsedves
and othce marine life inthe arca{ATSDR, 2006).

c¢) FumiRation
Cyanides are used as insecticides for the fumigating of ships. In the past cyanide saits have

and still arc sev somc places being used as al peison (ATSDR. 1993).

d) Execmtion

Hydrogen cyanule has been used in gas chamber execntions (Bokanga ct. ail., 1994),

{3 NATURAL SOURCES

Cyanides can be produced by ecrtain bacterio. fungi. and algac, antl nre found in 8 numbcr of
foods ond plants. Cryanide is found. although in smoll amounts. in applc seeds and almonds
(A1SDK, 2006) in planis, cyanides arc usually bourd to sugar molecules tn the form of
cyanogenic glycosides nnd scryve the piant as delense against herbivates. Cassava rools aka

manioc- the base ftom which tapioca 1s modc) contains cyanogenic glycosides {Velter. 2000:
Jones 199B)

3
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L.l TOXICITY

The 1oxicity' of hydrogen cyamde to humans is dependent on the natuce of the expasure. The
£.CS0 or LDSO {the concentration or dose that is lethal t0 50% of the exposed population) for
paseous hydrogen cyanide 15 100-300 parts per million, Inhalalion of cyanidc in this range
cesults in death within 10-60 minutes, with death coming more quickly as the concentmition
increases. Inhalation of 2,000 paris per million hydrogen cyanide causes death within one
minute (ICA1, 2006). ‘The 1.DS0 for mgestion is 50-200 milligrams. or -3 milligrams gt
kilogram ofbody weight, calculated as hydrogen cyanide. For contact with unbraided skm. the

1.D50 1s 100 milligrams (as hydrogen eyanide) per &ilogram of body wesght (ICMI, 2006).

1.5 MECHANISM OF TONICITY OF CYANIDLE

Cyanide causes a dececase m the utilization of oxypen in tissues producing o staie of hisiotoxic
II anoxia. Cy:mide can also inhibit several other metallo-enzymes conlizining for the (mosi pan
iron), coppee or molybwdenum c.g. alkaline phosphotase, carbonic anhydmse. Cyanide causes
an Urcredsc in blood plucose imd lactic acid levels and & decrease in the ATPZADS ratio
shiflmg {from acrobic 1o anaesobic mctabolism. Cyanide actnatcs glycogenolysis and shunts
glucosc 10 the pentosc phosphate pathway decreasing the rale of glycolysis and mhbiting the
Iricarboxylic acid cycle (Rosling, 1994). HCN reduces energy avnilability' in all cells bsul its
cflects is ahways niost iminediate on the respiratocy system and the hean, The Icthal dose for
an adull. depends on the body: weight and nutritional siatus and this is somewhere between 30
and 210mg of HCN. it the HCN cxceeds the limil 2n individual is able 10 detoxify or tolerale,
death may occur while smallcr sub- ¢ thal amounis of cyanide cause acute imoxication
Symplonss of acule cvanide inloxication include rmpsd respirntion: drop in blood pressure,
capid pulse. dizziness menltal confusion. diarthca and convulsion (Rosiing. 1994). Chronic

effecis of cyanide intoxication. has been lioked t0 regulyr long- 1erm consumplion in

individuats w ith poor nutrition.

Death due to cyanide poisoning can occur when the eyanide timit cxceeds the limit an
individual is able 10 detoxily. The likelihood of cyanide intoxication from consumplion of
cassava or bamboo shools is dcpendent on body weight and it is possible that a child or petson
of smaller body wcight would not be able to detoxify the cyanide resultant from a meal of
tnadcqualcty prepared cassavis or bamboo shoots. The acute Icthal dose of hydrogen cyanide
lor heinan beings s reponicd to be 0.5-3.5 mg/kg body weight. Appreximately $0-60 mp ol

frec cyanide from cassava and its processed products codstitutes 8 lethal dose (o in adull man
4

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




(Mlingi el. al., 1995). long-tctm consumption of cassva with chionic uptake of
cyvanoglycosides in stb-acutely’ loxic doses may be involved in the palhogenesis of certam
conditions including the disturbance of thyroid function (goitre) and ncuropathies. this
thyrotoxic effects of cyanide depends on its conversion to the iodine antagonist thiocyanale

(Mlingi et. &), 1995). Humaon cassova cating population showed ophthalmological and

neurological symptoms. which are associated with cxposure to EHICN.

®ther nutritional and metabolic deficiencies alfccling the cyanide detoxification mechenism
include sulphate and zinc dclicicncics. Sevcral cpidemiologicel studies, n cassava ¢alng
population had establishcd an assocsation betwcen cyanide cxposure and spasticparaparesis.
antblyobia a1axia or 1ropica{ s1axia neuropathy (TAN) (ATSDR, 2006}, Ncurologicak disonjers
and thyroid abnormalities have been finked with long-lerin consumplion of cassava (Baskin el.
al.. 1998). Surveys in Alrican communitics where cassava s o staple crop show a strong
comrelation belween cassdsa consumption and cademic powtre and crctinism. Diclasy
delicicncies. especially low inlake of iodine. may contribule {0 this eilect (Okc. 1980). In
Nigeria and some other tropical countries in Africa, swhere the daily' dict 1s dominaied hy
starchy staple foods, dictary cyanide exposure from cyanngenic plycosides in insulMiciently
processed foods containing HCN glycosides has been implicated as conlributing factor in

giowth retardation. The nutritional 1nterest in some of these vegelable specics siems from their

rich contents of esscntiel amino acids. vitemins and minersls, Further o their rich content of
the mentioned nutrients, it i cstablished that green vegetable leaves are the cheapest ana most

abundam source of protcins becnuse of their ability' to synthesize amino acids from a widc

range of virtually available psimaiy malterials such as wates, carbon dioxide, and atmaspheric
nitzogen (as in legumcs) (Fasuyi, 2006). Therelore, some of thesc vegetables are the cheapest

and most readily avaifable somces of important prolcins. vilanins and essential amino acids

in the human body. cyanidc is detoxified mainly by cinzymatic conversion Lo the much less

toxic thiocynnote {SCN). This dcloxification requires sulphur donors that arc provided by H

sulphur- containing diclary amino acids, cyste:ne and mcthionine (Okigbo, 1999), In subjects
who have an adequate protein component of theirdict. cxcess cvsleine and iiethioninc are nol

tequircd for proi¢in sy nthesis and dic degraded 10 norganic sulphate and eacreled,

5
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1.6 JUSTIFICATION FORTIHE STUDY

Miny peaple are exposed 10 the risk of cyanide poisoning mn Nigeria through consumption of
cyanide caninining food and alsu exposure 0 vanous anthropogenic sources of cyanide
poisoning. Though seversl swdies lwse heen corricd oul en cyanide paisonmng and
clicmoiberapy mierventions, Ihcee is dearth of inlommation abmn the nmclioriling elfects of

these veycetables (Tedfurine nevredentatix and Coreliorie afifierny) on cyanide pulsohing

1.7 ORIECTINE OF THESNTHDY
1he abjective af this study is 1o determine the cllcetiveness ol Corvclnrus olitoras awedu)
and Telfairia mcidenndis (Ugwu) in the deloxilcation ol cynnide in populatiens cxposed to

cvamede intovication v vatlous lorns inchiding consumption ol cyanoglycosdes using rats as
a model,

1.8 SPECIFIC OBIECTIVES
.. To repsodice acute 1oxic cffeci(s) of ¢yanide in-vivo
si. Vo test the efficacy of Curcliurns oltarts (Ewedu) and Telfatrie occidentalp {1)gwu)
in cosnteracling the toxic elTect of cyanide intnwication in the aniinal modets,

in  To enimpolaic the resuti from two (2) above io recommcend the possihility of using the

plants inallcvioting sub-aculc cyanidc poisoning.

1.9 LIMITATION OF MIE STUny
i The mability of obtaining the sulphur containing amlno acids {mcthionine and
cystcinc) as sndard relcrences.
in The mabiiiy to estimaic the values of 1he amino acids in the vegeshles.
. The imability to monitor plasa levels of ¢yamide 1n experimental animals

i Mighcost of expenmentation. thus limiling the scope ol nwvcsugation
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CHAPTER TWO

LITERATURE REVIEW

2.0 BRIEF NESCRIPTION OF CYANIDE

Cyanmides comprisc a wide range of compounds of vary ing degrees of chemical compleyity, all
of which contain o CN moicty, 10 which humans asc cxposed in gas. licuid, and solid torm
from a broad rangc of natural and anthzopogenic sources. While many' chemical (orms of
cyanide are used in industrial application or arc present in the cnviconment, the cyanide anion

CN s the primary toxic agent, regardless of origin (WHO, 200.1)

Hydrogen cyanide is o colourless or pale bluc liqu:d or gas with a [3int bitler almond-like
odour. It is used primarily in the production of substances such as adiponitrile. methy
mcthacrylate. chelating agents, cyanuric chloride, metivionine and its hydroxvlated analogues.
and sodtum and potassium cyanidc. [¥drogen cyanidc is also uscd as a fomigant ta ships.
eailroad cars large buildings, grain silos. and flour milis, as well as inthe fumigation of peas
and sccds in vacuum chambers. Other cyanides, such ns sodium and potassium cyanide. arc
solid or cnysisfline hy groscoptc salls widely used in ore ¢nracling proccsses lor the recovens
of gold and silver, clectroplating casc-hardening of stecl, basc metal flolation, meal
degreasing, dycing. printing. and photography (\WHO, 2004), They are also widely usedin 1he
synthesis of organic and inorganic chemicals (e.g:, nitriles, carboxylic acids. anides. csters,
and amincs: heavy meist cvanides) and in the production of chelating agents. 1lydrogen
cvanide is formed during the incomplete combustion of nitrogea-containing poly mers. such as

certam plastics, palyurcthancs, and woo|. Hydrogen cyanide is present in cigarcite simoke
(WHO. 2001);

i PROPERTIES OF CYANIDE

1.0 Phwlical Prupertics

(‘yanidc is considered. in & broad sense, 10 be the most patent ligand for many Yatsiiian
metals. The very high afTinitics of mctals for cyanidc con be ansibused to its ncgmive chaspe,

compacieess 3nd ability ta engage m x-bonding. Well known compleses melude:

3
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« the heaacyanides IM(CN)S (M= Ti. V, Cr. Mn, Fe. Co). which arc oclahedral in
geomenty;

» the tetra cyamides, ihl(CNh]" (M = Ni, Pd, Pt), which are squarc planars in geometry:
» the dicyanides [M (CN) 3} (M = Cu, .Ag, Au), . svhich are linear in gcomeiny'.

Due 10 its high nucleophiticny, cyanide is readily introduced nto organic molecules by
displacement of the corresponding organic halide. Orpanic ¢ yanides are ¢enerally catled
nitrilcs. Thus, CI13CN can be¢ methyb cvanide bul more commonty is referred to as aectomirile,
In organic synthcsis. cyanide is used asa C-1 synthon. l.c., it can be used to lengthen a carbon
chain by onc. while retaining tie ability to be functionalized.

RX +CN —. RCN + X (Nucleophilic Substitution) followed hy;

1. RCN +211:0 — RCOOH + NH; (Hydrolysis). or

1

2. RCN +10.5 LiAl§ 1y + (sccond step) 2 HaO = RCIENIL + 0.5 LIAIOH), (under reftus
in dvy cther, followcd Hy addition of tf:0)

+An allemative mcthod for introducing cyanide s via the pracess of hydrocyanation, whercby
hydropen cy amdc and alkenes combine:

RCII=CH; + HCN — RCH {CN) CHi3

Mztal catalysis are requircd for such seactions.

11ydsogen cyanide is a colnurless or pale hlue liquid with chatacteristic odour of bitter almond
{Verschueeen, [983). It has a molccular weight of 27,03 and a boiling point of 25.6°C
{Amoore and 1 loutala 1983). It is miscible with waterand alcohol and slightty soluhle in ether
(Budavar. 1989). Most people can smiell hydrogen cyanide, Duc lo an apparenl genclic trail,
some individuals cannolt detect the odor of 1ICN {Bokanga ct. al., 199:1} Sodium eyamde and
polassium cyanide ore both white powdess with a bitter almonil-likc ador in damp air, due to
the presence of hydrogen cyanide formed by hydrolysss:

NaCi + H;0 — HCN + NaOji

2.1.2 Chvemical I'roperiicy
Once released in the civiconment. the reactivity' of cyanide provides numerous pathways for
ts degradation and allcnuation:
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a) Complesation

Cvanide forms tonic complexes of valying stability with many metals Most cyamde
compicxes are much less toxic than cyanide, bul weak acid dissociable complescs such as
thosc of copper and zinc are relatively unstable and will releasc cvamide back to the
enviforment. lron cyanide complexcs are of pasticular importance duc 10 the abundoance of
iron 1y pically available in soils and the cxtreme stability of this complex under most
cnvironmental conditions. Howeser, iron tyanidcs arc subject 1o photochemical
decomposition and will sclcase eyanide if exposed 1o virasvialet light.

Mzeital eyanide conplexes are also subject to other reactions that reduce ¢y amide concentraiinns

inthe envisonmenl. as described below.

b) Precipitation

fron cyanide fomis precipitales wilh iron, copper. magnesium, cadmium and zinc over a pll
range of 2-11 (ICMI, 2006).

¢) Adsorption
Cyamde ond cyanidc.metal complexcs ate adsorbed on organic and inorganic constituents in
soil, including oxides of aluminium, iron and mongoncse, certain types of clays, feldspars and

organic carbon Although the strength of ¢yanide retentton on morganic materials is unciear.
cyanidc s strongly bound to organic matter (ICM{, 2008).

d) ®viilatlon
Oxtdation of cyanidc to lcss 1oxic cyanate normally requitcs a strong oxidizing agent such s

ozone. hydiogen petoxsde or hypochlorite. However. adsosption of cyanide on both orpanic

and inorganic malcrials in the soil appears to promolc its oxidation undcr natural condilions
(ICMI. 2006).

€} Suipharalion
Cyamde reacts with some sublur specics to torm less toxic thincyanawe, Poiential sulfur
soutces include free sulfur and sullide mincrals such as chatcopyrite (CuFeS2), chalcocite

(Cul8) and pyehintite {Fc S). as well as their oxidation products, such ay polysultides and
thiosullate(IC ML 2006).

o
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f) Volanlization

At the pld ¢y pical of environmental sysiems, free cyanide will be predommately in the form of
hydrogen cyamde. with gaseous hydrogen cyvanide cvolving slossly over ime. The amount of
cyanide lost through this pathway inercases with decreasing ptl. increased aeration of sofution

and with increasing lemperature. Cyanidc s also lost through volatilization from soil surfaces
(1CAL). 2006).

¥) Hlodegradation

Under acrobic conditions. microbial aclivity' can degrade cyanide 1o ammoniz, whicts then
oxidizces to nitrote. This process has been shown effective with cyanide concentrations of up 1o
200 paits per miltion. Ahhough biological degradation also o¢curs under anacrobic conditions,

cyaide concentrations greater than 2 ports per million are loxic 1o these microorganisms
(ICM I, 2006).

W) 1ty drolysls

Ilydrogen cyanide can be hydiolyzed 1o fomeic acid or ammonium fonnale. Although this

ccaclion is not rapid, i1 may' be ol significanee in ground walcr where anacrobic conditions
exisi (JCMI, 2006).

i) EfTects of Cyanide on Wkdlife

Although cyanide reacis readily m the cnviconment and degrades or formscomplexes and salts

of varying stabilitics. it is toxic to mony living organssms al very iow concenirations (ICAII,
2006).

J) Anuatie Orpanioan

FFish and aquatic invertcbrates arc panicularly sensitivc o cyanitle exposure, Concentrotions ol
ftee cyanide in the aquanc environment tanging from 5.0 10 7.2 micrograms per liter reduce
swimming performance and inhibit seproduction in many' species of lish. Gher adverse elfects
include dcinyed motility. pathology, and suscepiibility to predation. distupted respiration.
osmaicgulatory disturbances and nllered growth paticrms. Concentrations o' 20 to 7e
micrograms per liter free ¢yanide cause the death of many specics. and concentrations in

cxcess of 200 microgroms per liter arc mmdly foxic 10 most specics of fish. Invericbmtes

expericnce adverse nonlethal clevts ni I8 10 43 micrograms per liter free cyanide. and Icthat
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clfects at 30 1o 100 micrograms per liter (although concentrations in the range of 3 to 7

microgiams per liler cAused death in the amphipod (Gammanus pulex) (1CMIE. 2006).

Algac and macrophytes can tolcraie much higher cnviFonmental concentrations of free ¢x anide
than fish and inv 2ncbrates, and do not cxhibit adverse effects av 160 micrograins per liter or
more, Aquatic plants an: unaffected by cyanide at conccentrations that are Icthal 10 mast
species of freshwater and marine Nish and invericbrates. However. differing senstlivibes 10
cyanide can result it changes 1o plant community’ struclure, with ¢yanide cxposures leaving a

plant community dominatcd by’ kess sensitive specics (ICMI, 2606)

The 10xicity of cyanide 10 aqualic lifc is probably ceuscd by hydrogen cyanide thar has
ionized. dissociated or photo chemically decomposed from compounds. conwining cyanide.
Toxic effects of the cyamde ion itsclf on aquatic organisms are not helieved 10 be signilican,
nor are the cffecls of phololysis of ferro- and ferricyanides | is therefore the Hydrogen
cyanidc concentration of waler that s of grealest signilicanice in detemitning tosicity to
aquatic life rather than the 10wl ¢y anide concentmtion. The scasilivily of aquatie organisms ©
cyanidc 15 highly species specific, and is also alfected by water pll. teinperatuse and oxygen

content. as well as the life siage and condition of tiie organism.

K) Birds

weight {American racing pigeonY 1o |1.) milligroms per kilogrun of body seight (domestic
chickens). Syinploms including panting, eye blinking, salivatlon and Icthargy appear within
onc-haif to five minutcs afler ingestlon in moie sensitise specics. and up 1o 1cn minuies afler
ingestion hy more resislant specics Exposures o high doses resuhied 0 deep tahured
brcathing followed by gasping and shallow intermisienl hircathing in all spceics: Monalit
lypically occurred in §5 10 30 minutes: however birds thal survived for onc hour ficquently
recosered, possibly duc to the rapid melabalism of ¢yanide (o Mhiocyanalc and its subsegquent
cxcection.Sub Ictha) cffects of ¢yanide cxpdsure to bin)s. such as an merease in their

susceptibidity 1o predators, have not been (ully inveshigated and reporicd (ICMI. 2006)

b Mammal
Cyonidc toxicily 1o mammals Is rclativety' coimmon duc to the targe numbee of ¢yanogenic

forage plants such as sorghuin, Sudan grasses, com and cassava, Concenlratlons of cxanide m
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these plants are typicaliy' highest in the spring dusing blooming. Dry' growing conditions
cnhance the accumulation of ¢yanogenic glycosides in cerain plants as well as increuse the
use of these plants as forage (ICMI, 2006).

1,2 SOURCES OF HUMAN AND ENVIRONMENTAL EXPOSURE

2.2.1 Natural Oceurrence

Hydrogen cyanide i1s ubiquitous in nature, It is found in the strlosphere and non-urban
wopasphere (USEPA, 1990). It is relcased into the atmosphere from hiemass buming.
volcanoces. and natural biogenic processes from higher plants, bacieria. algac. and fungi
(Viksel et al.. 1981; Ciceronc & Zclincr, 1983; Way ct. al., 1984; ATSDR, 1997; Li et al.
2000). An cstimate of the amount of cyanide released (o the cnviconmen: irom natucal
biogenic processes is not available (ATSDR, 1997). Cyanidc occurs naturally as cyanogenic
glycosides in a1 lcast 2000 plants sec (JECFA. 1993). Known cyanogenic glycosides in plants
include amygdalin. linumarin. dhurrin. prunasin, lowustralin and taxiphyllin. Amygdalin (d-
mandclonstrilebeta-d-glucoside-6.beta-d-glucoside) has been found in about 1000 specics of
plants, including cassava (1apioca. manioc), siveet potalo, com, cabboge, linsecd. miller, and
bamboo. tn pits of stone fruits. such as cherrics, peaches and apricols, and in apple sceds
(JECFA, 1993; Sharma, 1993. Padmaja, 1995). !t #s also prescnt in bitter almonds and
American white lima beans (Eemans et al, 1972), Anoong them, cassava (tapioca. manioc) and
sorgthum are stapic foods for hundreds of millions of |xople in many’ lropical countrics. Afer
ingestion, linamarin cod be hydeolysed by cnher cassava linamarasc ar an endogenous bela-
glucositlasc to yicld d-glucose (Frakes ct al., 1986a). [iydrogen cyanide is rcleasc:l into the
stmosphere from natlura! biogeme processes from higher plants. haclcria, and fungi. In air,

cyznide 15 present as gnseous hydmgen cyanide, with o small amount present o fine dust
particles (\WILIC. 2004),
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Dhustin (CAS Ho.499.207} Linamarin {CAS No. 554358)

OH

Fig. 2.1: Siructures of cyanogenic plycosides in major velible plants (IECFA, 1993)
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1.3 SOURCES OF EXPOSURE TO CYANIDE INTOXICATION

Non-point sources of cyanide relessed to water can result from runoll from cyanide-
containing onti-caking salts used on roads. migration from landlills, and agricuhural and
atmospheric [allout and washout (ATSDR, 1997). Point sourccs of i1cleases 10 waler include
discharges from gold mining planis waslewalcs treatntent works, iron and steel production.

and organic chemical mdustries. Cyanides have the poicntinl to be transported over long

distances from Lheir respective emission sources (WO, 2004).

The majority of human population is exposed to very low Icyels of cyanide in the gencrl
cnvironment. There ore, however, specilic subgroups with higher poicntial for cxposure,
These include mdividuals mvoived in Jarge-scale pracessing of cassava and those consuming
significanl quantitics of improperty prepared fomis containmg cyanogenic glveosides, such as
casva. specinly foods such as apricot pits. and bitter almonds. Otker subgroups with greatest
potential for exposure include thosc in the vicmily of acecidental or intended releases from
poinl sourccs, aclinve and passive smokers. and firc-rclated smoke mhalation victims. Workices
may be exposcd 10 cyanides during fumigation operstions and lhe production and usc of
cyanides in many industrial processes — for example, cleetsoplating. case-haidening of steel,

ond estractiion of gold nnd silver from ores (WHO, 2004). Onc cigarelte withomt a lifter

liberstes 500-pg hydrogen cyanide, while tilicr cigareties tiberate only 100 pg in mainstream
smokc. llydrogen cyanide concentrations in mainsircam ond sidcsiccam smokc 1anging from
280 10 550 ng/cigarctie and Erens: 53 1o § 11 pglcigarelte, respectively, have been 1eporied; side

siream: masnsircom ratios of hydrogen cyanide concentrations mnged from 0.06 to 0.50
(ATSDR, [997).

The level of hvdrogen cyanide found in Canadian cigaretie smoke under |ntermational
Organsization for Standaordizatlon standard smoking conditions weee as follows: mainstrecam
smokc, 32-i56 pg/cigarciic; and sidc sircam smoke, 77-136 pgfeigarctic (#lcahh Canado.
2002) ‘ucaverage mie of cipission of hydrogen cyanide by automobile exhaust was reponed
0 be 7-9 mp/k for cors not cquipped with calalytic convertees and on the order of 0.6
mgkm for cass with cntalytic converiers oheroling under optimum condittons in the mid- to
fatc 1970s (ATSDR. 1997). Cyanogen chloride is fomicd as a rcaction prowuct of organic
precutsors wilh hypachlorous acid in the presence of smmostia and may be formed as a by-
product ol the chloramination of wnter {c.g.. via the reaction of humic substances with
chlorine and chlommine uscd for wnter disinlcetion) (Qhya & Kanno 1987, 11C'S. 2000) n
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the USA, 35% of the surface watcr plants and 23% of the groundwaier planls using
chloramine as a primasy or sccondmy disinfcctant report cyanogen chloride formation (US
[:PA, 2002). Cyanogen is pencralcd in the combustion of nitrogen -corbon compounds and
appeatsin automobile exhaust gascs ansl gases [fom blast furnaces (CHEMINFO, 1998).

23,1 ENVIRONMENTAL LEVELS AND HUMAN EXPOSURE

Air

Cyanide 15 [ound in ambicnt air as hydragen cyanide and to a smaller extent in pariiculalc
matter. The concentistion of hydropen cyanide measured since 1981 an the notihem
hemisphere's non-urban troposphere ranged from 180 to 190 ng/m’ (Cicerone & Zellner,
1983 Jaramillo ct nl., 1989). Ambicnt air moniloring daw for cyanides in Bulgaria in arcas
ncar petrochemical plants showcd concentralions ranging from 0.2 (o 0.8 pg/m’ (annual
average value) (Kaloyanova ct al., 1985). Cyanide has been delected au lesets of 2046 mgfm’

in the air ncar large-scale cassava processing facilities in Nigera (Okafor & Maduapwu,
2000).

Water

Cvanides, reporied as cyanide, hydiogen c¢yanidc. sodwin cysnide, polassiuty ¢yanide,
calcium cyanide, or copper (1) cyanide, have been detceied in surface water sanples at 70 of
the 15¢ hazordous waste siles where they were studied in the USA; thicy have atso becn
delected in groundwirter simples ot 191 of the 119 wasic silcs studicd and in cachsie samples
of 16 of the 52 siles studicd (W10, 2004). The median concentrations in the positie samples
were 160 ngllitse Tor groundwaicr.70 pgiliter for surface waler, and 479 pg/liter for the
teachates (1azDw, 2003). Daota fiom the US National Urban RunoiT Program in 1982
reveatcd that (6% of urban runolT semples collected from four cilics dcross the LJSA
contained cyanides at levels of 2-33 pgilite (ATSDR. 1997). Accoiding to the US
Enviconmenwal  Peotection Agency’s (CPA) STORLT daotabase. the mean cyonidc
concentralion in most surfacc walers in the USA is less than 3.5 ug/litre, Data fiom the lale
1970s to carly 1980s indicated that the levels aze higher only in limited arcas and may excecd
200 pprlitre (AVSDR, 1987) In 1978, a US EPA survey of drinkmg-watcr supplics showed
that aboutl 7% ol the supplics had cyanide concentrations greater than 10 pglitec (LS EPA,
1993a). Cyznogcen chtoride i1s one of the I8 compounds thal «ccur most frequently (8 of 10
city surveys) in polable woler within the framework of the U!S Nauonal Organic

Reconnaissance Survey (Beddmg ct al., 1982). In a survey in 1987 of over 3§ drinking.-waicr
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supplics, the quarierly median ¢vanogen chloride comentrations 1 drinking water ranped
from 0.15 10 0.80 pgilre (from 0.1% 10 0.3 pg cyanidesliue) (Krasner ct al.. 1989. ATSDR,
1997), Morecurrent data regarding the cyanide and cyanogen chlonde levels in drinking water
are lacking. [cvels of 1.58-7.89 mg cyanidefitre hove been found in natural waler sburces

ncar large-scale cassitve processing facilitics in Nigeria (Okalor ctal., 2001).

Senl

Cyanide has been identilicd in the soil of hazardous waslc sites in the USA; the median
concentrations for the posilive sites were 0.8 mp/kg in the subsurlace soil (found at 77 siics of
the 124 studicd) and 0.1 mg/kg inthe topsoil (51 posilive siles out of 91 sites) (11azDist. 2003).
Cyanidc-conlaining wasies :are commonly lound in soils 8¢ formicr manulactured pas plant
siles in the USA, Mot concentrations of cyanide compounds o1 the manufaciured gas plant
sites are below 2000 mg/kg. The most prevalent types of cyanide compounds are sfon-
complexed fonns, c.g., ferric ferrocyanide (Prussian bluc), rather than the highly toxic Jree
cyanide lorrtas. jron-complexed cyanides, dommated by the {errocyanide ion. comprise over

97% of total cyanidces in cither weathered or un-weathered soils (Shifiin o al.. 1996).

Mzany ediblc plants contam cyanogenic gly cosides, whose concentrations can vary widely ns a
result of genetic and environmental factors. localion, season. and soil types (Emans ct al.,
1986 JECFA. 1993). Somc of the foodstufis and their cyanide contents aic shown in Table I,
Cassava tubers vary widcely in their ¢yanogenic glycoside content, alhthough most varietics
coniain 15100 mg cyanide/kg fresh weight, Occasionally varictics of cassava tubers contain
t300-2000 mg cyanide/kg fresh weipht, and cassava Jeaves contain 1000-2000 mg
cyanogenic plucosidesky, on o diy mater basis (Padmaia, 1995). Fermentation of casssva
pulp for 96 I during garri production seduced the hydrogen cyanide content by 50%6: soaking
of slicad casiava for 24 i, 40%: and sun drymg, somc 15% (Kendirim ct al ., 1995), It should
e noted 1hor the ranges of ¢yanide concentritions skown in Table | sre very broad in severol
cascs (i.c., cczeals and their products. soy prolein products, and opricol pits). svhich may be
due 10 theyr differcnt sources and dillicrences in analytical procedures; as well, the values may
reftect the older litcrature (WO, 200.4)
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Table 2.1: Cyanide Concentrations in Food Producls.

Ty pe of produet

Cranide
concecnlralion
(in mgske or mg/diier)

Cereal prains and their products

Soy' protein products

Soybean hulls

Apricol pits, wet weighl

Home-made cherry juice from pitied fruils
Homamade cherey juice contatming 100% crushed pits
Commercint fruil juices

Cherry

Apricol

Prunc

Tropical foodstulfs

Cassava (bitier) / dried roo1cofies
Cassava {bitter) / leaves

Cassava (buter) / whole wbers
Cas<ava (sweet) / fcaves

Cassava {swccl) / whol¢ 1ubcrs

Gart flour (Nigerin)

Sorg)ium / whole immature piaat
Bamboo / immature shook iip

L.ima bearc from Jove (colomd)
L.“..imbeans from Pucrto Rico (black)
Lima beans from Burma (whitc)

0.001-0.45
0.07-03
.24
89-2)70
5.1

23

4.8
252
§.9

2360
300
380
451
445
10.6-22.1
2900
7700
3ooo
2900
2000

Feom Narley, (1980): Honig ct al., (1983); JECFA, (1993); ATSDR, (1997)
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these plants arc typically highest in the spring during blooming Dry growing conditions
enhance the accumulation of cyanogenic glycosides in certain plants as well as increasc the
use of these plants as forage ({CMI. 2006).

2. 2SOURCES OF HUMAN AND ENVIRONMENTAL EXPOSURE

2.2.1 INatural Occurrence

Hydrogen cyanide is obiquitous in nature. [1 is found in the stratosphcre and non-urban
roposphere  (USEPA, 1990), 1t is rcleased into the atmospherc from biomass burming
volcanoes, and natural biogenic processes from higher plants. bacleria, algae. and fungi
(Fiksel e al, 1981; Cicerone & Zellner. 1983:; Way ci. al., 1984: ATSDR, 1997: Li a1 al,
2000}, An estimate of the amount of cyanide released to the cnvironment from natural
biogenic processes is not avbilable {ATSPR. 1997). Cyvanide occurs noturaily as cyanogenic
plycosides in at least 2000 plants sce {JECTA. 1993). Kiiown cyanogenic giycosides in plants
include amygdalin, linamarin. dhurrin. prunosin, lotaustralin and 1axiphy llin, Amygdalin (d-
mandelonitrile-bcra-d-plucosidc-6-beta-d-glucoside) has been found in about 1000 species of
piants, including caswiva (fapioca, manioc), sweel polato, comn. cabbage, linseed, milles, and
bamboo, in pits of stonc [ruits. such as cherries, prachcs, ond apricots, and in applc seeds
(JECFA. 1993; Sharnma. 1993, Padmsja, 1995). it is also present in bitter almonds and
Amcrnican white lima beans (Ermans ot al.. 1972). Among them, cassava (lapioca. maniec) and
sorghum are staplc foods for hundreds of millions of people in many iropical countries. After
ingestion, linnmartn can be hydrolysed by citlicr cassava linamamse or an endogenous b¢sa-
glucosidase 10 »ield d-glucosc (Frakes ¢t al., 1986a), llydrogen cynnide is relcased into the
atmosphere (rom naturisi biogenic processes from higher plants, bacleria, and fungi. In air.

cyanide is present 3s pascous hydrogen cyznide. with a small amount present in line dust
pasticles (W110, 2004)
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Dhurrin (CAS Ho. 499.20.7) Linamarin (CAS Ho. $54 358)

CHyOH i CH0H

CHy
H H ﬂ l CH3
MoH H/! l
HOMH H
H OH

Lotaustsalin (CAS Ro. 53§67 6)
chﬂH CHJ

VA
\l_
B

CH0H

CHZOH CH}OH

Fig. 2.1: Structures of cyanopenic plycosides in majorcdible plants (TECFA. 199)3)
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23 SOURCES OF EXIPOSURE TO CYANIDE INTOXICATION

Nonpoinl souices of cyalide rcleased 10 water can resuft from runofl’ from cyanide-
conlaining anti-caking salts used on roads, migration from londfills, and agricutiural and
atmospheric fallout and washout (ATSDR. 1997). Point souices of releascs 1o water include
dischacges from gold miming plants. wastcwater treatment wosks, iron and steel production,
and organic chemical induslrics. Cyanides have the potential 1o be transported over long

distances from their respeclive emission sources (WHO, 2004).

The majorily of human population is cxpescd to vesy fow levels of cyanide in the general
environment, There are, however, specilic subgroups with higher potential for exposure.
These include individnals involved in large-scal: processing of cassava and those consuming
significant quantiics of wuproperly preparcd foods containing cysnogenic glycosides. such as
cassava. spectohy foods such as apricot pits. and biticr almonds, Other subgroups with greatest
poleniial for exposurc include thosc in the vicinily of accidenta! or intcnded relcases from
poinl soucces, active and passie smokers, and lire-seloled smoke inhalation viclims, Workers
may be cxposed to cyanides during fumigation opcrations and Lhe production and usc of
cyanides in many indusisial processes — for examplc, cleciroplating, case-hardening of steel,
and cxlraclion of gold and silver from otes (\W'1iO, 2004). Onc cigarcllc without a iifter
tiberates 500-;1¢ hydrogen cyanide, while fiiter cigarctics liberalc only 100 pg in mainstrcam
sinoke. Hydrogen ¢y,nmidc conccntrations in mainstteam and sidestream smoke ranging from
280 10 550 pg/cigarcitc and from 53 10 151 jig/cigasctie, respectively, have becn reporicd; siile

stream: mainsiccam satios of hydrogen cyanide concenimtions sanged from 0.06 to 0.50
(ATSDR. 1997)

The level of hydrogeri cyanide found in Canadian cigarewte smoke undcr Intemational
Organization {ar Standardization standard smoking conditions werce as follows: mainstucam
smoke. 32-156 pgicigarcttc, and side streom smoke, 77-136 pgicigarciic (Health Canada.
2002) Tiic average rule of emission of hydrogen cyanide by automobile cxhaust was reported
to be 7-9 ing/km for cars nol cAuipped with eatalylic converlers and on the order of 0.6
mg/km for cars whh catalytic converters opcrating under optimum conditions in the mid- to
late 1970s (ATSDR, 1997}, Cyanogen chloride is formed as a reaclion product of argantc
precursors with hypochlorous acid in the presence of ammonio and may be fonted as a by-

product of the chloramination of water (e.g., via the reaction of humic substances with

chlorine and chioraminc wsed lor water disinfection) (Obya & Kanno 1987, i1°CS, 2000), In
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the USA. 35% of the surfoce water plants and 23% of the groundwater plants using
chloraminc as a primary or secondaty' disinfeciant report cyanogen chlonde formation (US
EPA, 2002). Cysnogen is generated in the comhustion of nitrogen—carban compounds and

appcars i0 automobile exhaust gascs and gases from blast furnases (CHEMINFO, 1998).

2.3.1 ENVIRONMENTAL LEVELS AND HUMAN EXPOSURE

AST

Cyanide is found m ambicnt air as hydrogen cyanide and to i smaller cxtent m pasticulatc
matter. The concentration of hydrogen cyanide measused since 1981 in the northern
hemisphere's non-urban troposphere ranged from 180 10 190 ng'm® (Ciccrone & Zeliner,
1983, Jaramillo ct al., 1989), Ambicnt air monitoring data for cyanides in Bulgeria in areas
ncar petrochemical plants showed concentrations ranging fiom 0.2 to 08 ug/m' {annual

average valuc) (Kaloynnova ct al., 1985). Cyanide has been deteeted at lcvels of 20-46 mg/mJ

m the air ncar large-scale cassava processing (acilities in Nigeria (Oksfor & Maduapwu,
2000).

Water

Cyantdes, reported s cyande, hydrogen cyanide. sodium cyanide, potassium cyanide.
calcium cyanide, or copper (I} cyanide have been detected in surface water somples at 70 of
the 154 hazardous waste siles whete they were swwdicd in the USA: they have also been
detected in groundwater swunples ot 194 of the 119 waste sites studied and in deachale samples
of 16 of the 52 sites studied (WHO. 2004). The median concenirations ih the postiie samples
were 160 hglitre for groundwater,70 pgfliter for suriace water. and 479 pgditer for the
lcachates (HazDal 2003). Dato from the US National Urban Runofl Program in 1982
tovealed that 16% o) urban rsno¥ samples collected fram four citics across the USA
containcd cyanides at levels of 2-33 pgAitec (ATSDR. 1997). According 10 the US
Environmenio!  Prolcction  Agency’s (EPA) STOREI  dawbase. the mean cyonide
concentration in most surface walers in the USA is less than 3.5 lig/litre. Data from the late
1970s 10 carly 1980s indicated thot the levels arc higher only in limited arcas and may cxeced
200 hg/litre (ATSDR. 1997). In 1078, a US EPA survey of drinking-water supplics showed
that about 7% of the supplics had cyanide concentrations grcater than 10 jRAditre (US EPA,
19932). Cyanogen chloride is onc of the | 8 comjwounds thal occur most frequently (8 of 10
city surveys) in poloble waler within the fmmework of the US National Organic

Reconnsisrance Susvey (Bedding et al., 1982), In a survey in 1987 of over 3§ drinking-wuter
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supplies, the quarterly meadian cyanogen chloride concentrations in drinking water ranged
from 0.45 to 0.80 pg.lire (froin 0.19 to 0.3 pg cyvanide/litre) (Krasner ct al., 1989; ATSDR.
1997). More current data regarding the cyanide and cyanogen chlondc levels in drinking water
are lacking. Levels of 1.58-7.89 mg cyanidcAitee have been found in natura) water sources

near farge-scale cassava preccssing facilities in Nigena (Okafor et ol.. 2001).

Soil

Chanide has been identilicd in the soil of hazardous waste sites in the USA: the mcdian
concentrations for the positive sites werc 0.8 mg/kp in the subsuriace soil (found at 77 sites of
the §24 studied) and 0.4 mefkg in the topsoil (51 positive sites out of 91 sites) (HozDat, 2003).
Cyanidc<conlaining wastes are commoniy found in soils ot former monvisciured gas plant
sites in the USA, Most concentrations of cyanide compounds ot the manufactured gas plant
siles are below 2000 mg/kg The most prevalent types of cyonide compounds are iron-
complexed lorns. ¢.g.. [lerric feavocyanide (Prussian blue), rather than the highly toxic fiee
cyanide forms. Iron.complexed cvamdes, dominated by the fcrrocyanide ion, comprise over

97% ol 1otat cyanides in cither weathered orun-weathercd soits {Shifrin et ol.. §996).

Fond

Many cdible pfanis comain cyanogenic glycosides, swhose concentrations can vary widely as o
resull of genctic and cnvitonmetal feclors, location. scason. and soil types (Ermans et al.,
1980: JECEA, 1993). Some ol the foodstulfs and their cyanide contenis arc shown in Table .
Cassava tubers vany widely in their cyasogenic glycoside content. although most variclics
contain 13400 mg cyanidesiig [resh weight. Occasionally vanetics of cassava tubers contain
1300-2000 tng cyanide/kg fresh wcight, and cassava leaves contain J000-2000 mg
cyanogenic glucosides/kg on a diy maticr basis (Padmaoja, 1995), Fermentation of cassava
pulp for 96 h during garvi produciion reduced the hydrogen cyonide contem by 50%: sooking
of sliced cossava for 24 h, 40%.: and sun diying. some 15% {Kendirim et al.. 1995), It shoutd
be noted that the ranges of vynaide concentralions shown 1n Toable | arc very broad in severn!
cases (i.c.. cereals and their producls, soy protein products, and apricot pits). which may be
due 1o their differcnl squrces and dilferences in analytica) proceduses: as well, the values may
seflect the older literture (WO, 2004),
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Table 2.1: Cvanide Concenltratisns in Food 'roducts.

Type of product

Cyu nide
conccnlration
(in img/kg or meg/liter)

Ccreal proins and their products
Soy protcin products
Soybean hulls

Apricot pits, wet weight
Home-mode cherry juice from pitted (ruits
Home-mude cherry juice connaining 100% crushed pits
Commerc)al fruit juices

Chemry

Apricol

Prunc

Tropical foedstuffs

Cassava (biner) / dricd oot costex

Cassava (batter) / leaves

Cassava (bitser) / whole tubers

Cassava (s\weel) / leoves

Cassava (swieel) 7 wholc wbers

Gan flour (Nigeria)

Sorghum / whole immatuee plas)

Bamboo / immature shool tip

Lima beans from Java (colored)

Lima beans from Pugrio Rico (black)

Lima beans fitom Bunna {(white)

0.001--0.43
0.07-0.3
1.24
89-2170
5.1

£y

4.6
T

~" e

2360
300
380
451
M5
10.6-22.1
2400
7700
3000
2900
2000

From Nastcy, ¢ 1980); Jlonig c1al., (1983); JECFA, (1993); ATSOR. (I 997),
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Human exposurc 10 cvanide by dictary intake is cstimated to be polentially of major
significance for cassava<consuming populations; cassava has been estimated (o be the staple
food for 500 million people {WHO. 2004), Ifoweyver. data on the concenteations o fcyanides in
the tota) dict are lacking; hence. the daily cyanide intakc from food cannot be calculated. for
human consumption. cassavii can be caten raw, cooked. or grated and roasted into {lour and
eatcn as "pa:ri,” which is the common form in Nigeria (Kendicim €1 al. 1995). In
Mozambique. it was estimuted that in families affectcd by the "mantakassa”™ disease (spastic
paraparesis), the daily intuke of cyanogens was t4-30 mg (as cyanide) at the time of a
inantakassa cpidemic i 1981 (Ministiy of licalth, Mozambique, 1981). In Nigecria. 1t was
cstimated that the miake ol hydrogen ¢yanide in the tropical ataxia-cndemic areas may be as
high as 50 mg/day (Osuntokun. 1981).

3ydrogen cyanide can be produced by hydrofytic resction calalysed by onc or more cazymes
from the planis containing cyanogenic glycosides. In kemels. for cxample, this rcaction is
catalyscd by the cnzysne emulsin (Lasch & El Shawa. 1981) when the sceds are crushed and
moistened. Amygdalin (which is also present in cassavze. bitter nlmonds, and peach stones) is

convented 1o glucosc, benzaldchyde, and hydrogen eyanide (Figure 2.1) (IPCS, 1992).

ilydrogen cyansde rcicase can occur during maceration of foods containing cyanide, which
activates intracellular brta-ghicosidases. This reaction can also sesub from chiewing. which
causes the enzyinc and the cyanoycnic glycosides stored in diftercnt compartments (0 combinc
(Crmans ct al. 1980; Naohrstedl. 1993). The rcaction occurs ropidly in an alkaline
cnvironmeny, and the hydrolysis i1s complete in 10 min. §lydrolysis is possible in an acid
sohnion and takes piace sfowly. Liberation of hydropen cyanide from cyanogenic glycosides
occurs usually after ingestion and hydrolysis by the glycosidascs of the intestinal microfloes
and, 10 a lesser degree, hy plucosidases of the liver and other tissues (i’admaja, 1996)

Howeser, hvdrnlysis may oiso occur during the preparstion of the food. which may account
lor the shont inteeval between ingestion and the appearamee of signs of peisoning in some
accidents (Lasch & EI Shavsy, toR1).

it has also been shtywn in humans that a substantial pary of the Ingestcd linamarin is sbtorbed
and cxcreted intact i the urine (Brimer and Rosling 1993), Its toxic rolc remains speculative

but onc is cerunin that the cyanide libesated from linamarin is Ihe pomary cause of toxicity in
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cassava. When linamann comes into contacl with its hyvdrolstic cneyine. linamarase. the
molecule is split im0 glucose and its aglycone, acctone cyanohydrin, The laticr can be further
degraded by another cny me or spontancousty under utkaline condilions 1o fosim hy drogen
cyamde and glucose (Fig 2.2). Thus it the residual linamann and its breakdown products ate
not remoscd during lood processing, they may be retamed in the focdstuff, {t 1s belicved that
i humans. linamann can be broken down by linamarase found in the bactena that reside m
the intestinal track resulting in rctease of hydrogen cyantde. Fortunaicly. humans can rcadiis

neutrslize about 10 g of cyanide by a reversible rcaction with methemoglobin lructios m the

red hloodd celbs (L.undquist ¢t al 1985). Rhodancsc can further convert majority ol the ¢yamde

10 lcss toxic Lthiocyanale. which is then excrcied in the unne.,

I he principal Seaiuses of the toxecity prolile (or cyanide are its high acute soxiciy by all roulcs
of administrstion, with a very sicep and rute-dependent dosc-cliect cune, and chronic
toxicily, probably mcediated through the main mctaboliic and  dctowxilicotion product,
thiocyanate. The toxic cllccts of cyantde ion m humans and snimals are genemtly similar and
arc belicved 1o result fram inactisation of ¢ylochrome oxidase and inhibition af ccllular
respiration an conscduent hisiotoxic anoxia, The primary targcts of cyanide toxicily m
hunmians and anmimals arc the cardiosascular, sespiratory. anid centrad ncnvous systems. The
endocrine systein s also a potennial targel or fong-term 1onicity. as a Tunclion of continued
caposure 1o thioeyanae, which presents the vptake of 1odine in the thynasd and acts 3s o

gounmgenic agent

In humans, whereas slighi clfects ocenr at exposure levels of 2040 mg/im', 50-60 mg/m® can
b¢ tolerated withoni imnicdiale or late eficcts for 20 minto | h. 120-150 mg/m’ may lcad w
death aficr 0.5 -4 k. 150 me/m’ is likely 10 be fatal witkiin 30 min, 200 mg/m? is Jikely tatai
aflcr 10 min. and 300 mg/m’ is immethately fual. The lowest reporicd vral lethal dase lor
humans is 0.54-mgkg-hody wcigh. and the average absorbed dosc al the time of death has
been cstimated al 1.4-mgikg body weight (caleulated as hydrogen cyanide). Sequelac alter
scvere acule intoxications iy include ncuropsychiatric manilestations and 1%arkmsan-lype
diseos: Cyanide from cobacco smoke has beenimplicatcd as a contributmg lactor m teshavco
alcohol amhsyopia. l.onp-1crmi exposure © lower concenteutions of cyanidc m eccupational
seiings can resnit in a voricty of symhtems relsted (o ceniral nenvows sysem cflects,
Long-tenn consutiption of cassava conipining high levels ol cyanogenic glycosides has been

associsted with tropical 21asic ncuropalhy, spastic paraparesiv, and, in orcas with low iwline
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intake, development of hypothyieidism, goitre. aod cretinism (W10, 2004). While cxposure
1o ¢yanidc has been crudely estimaied to be £5-50 mg/day in endemic areas In some such
cases owing to the limitations of daa on cxposure and potential impuct of conlounders such
as malnulrition, low proicin content of the dict. vitamin dclicicncies, und todme status. the
av ailablc date do not provide meaningful infosmation on dose-responsc for cyamide (W10,
2004). Data on cnd-points other than 2cute toxicity are somew hat timited. This s atnbutable
in large pan to difficulties in conducting, for examplc. investigations of repeated-dosc or
chronc loxicity duc 10 the high acule 1oxicity of the compound. Cyamdes arc weakly irvitaling
to the skin and ¢y c: dota on scnsitizing propertics of cascinogenicily of hy drogen csamde or its
alkali salts have nol been idenbilicd. Although somesshat limited, the welight of cvidence of
svailnbie dala widicalcs that cyanide is not genolovic and that it induccs devetopmental ¢Nects
only at doscs or concentrnions thal are overily tosic 1o the mothers ¢\ O 2001}, Avau lable
data in human populations arc considered inadequalc as a basis for characterization of dosc-

respanse for chrunic ingestion of cyanide.

In 0 13-week repeateddose toxicity study in which «yainde was adininisicred in drinking-
walcr, there were no clinical signs associatedd with central nervous system eflcels or
histopatholegical cffeets in the brain orthyroid of rats or mice cxposcd to doscs up to 12,5 mp
and 26 mg cyanideskg body weipht per day, respectively. At 12.5 mg cvanide/kg dody: weight
per day, thicre weee slight changes in the reproductive tract ininale s which. although they
appirently would not alleet frtility in rats. arc possibly significant 10 humans. | he no.
observed-adsersc-cllect level {NOALL) for these cflcets was 1.5-mg/kp bixds weight per day
(W1, 2004). The caamination of nevrolexicily in this study was fimned to clinical
obscervation and optical micrescopy in sutopsy. Tlic lew available siudies specilically: intended
lo investigate neurotoxicily. whilc reporting adverse cllects at exposure fevcls of £ my
eyanide/k g body weight per day in rats and 0.48 ing cyanidekg body weihl per day in goats,

sulfer dyom weaknesses Lhal preclude their guantitative assessment (W10, 2004),

In relation 10 chamcterizatlon of concentmmtion-reshonse fur sepeated-dose foxicity for
inhalation {relevuns principally 1o the occupational envitonment). in ihrec separale studics In
rats. there were no adverse syslenuc effects in nits exposced (o acetonc ¢xanohychin, which ¢«
rmpidly hydrolysed to hvdrogen cyatiide at physiological pll. al conceniralicons up to 21|
my/m' (cvirrespanding 10 a conceniration of 67 mg hydsogen cyanide’'m’s (WHR, 2000) the

steepness ol the dose cfiect cunve is illusrvied by the observation of 30% mortality simoug
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rats cxposcd patt of the day to 225 mg acclone cg.-:moh.\dn'u/mJ (71 mg hydrogen ¢y anide/m )
Adverse cllccts of exposurc 10 the low concentrations of cxanide that dre generally picsent in
the gencrol cnvironment {<I pgum’ in ambient ai{: <10 ug/litre in water) are unlikcly. Acute
cyanide intoxications may arisc from eating apricot kemels. chokecherries and nther stone
fevit Kemels with high concenirulions of cyanogenic gy cosides. Inadequately prepancd
cassava, when constifuting thc major pan of the dict. may be hasardous IW/I€). 2081).
Cyanide causes an incrcasc in blood glucose and lactic aciil levels and a decrease in the
ATP/ADS ratio indicating n shifl from acrohic 1o anacrobic mctabolism. Cyanide acuvates
glycogenolysis imd shunts glucose 1o the pentos: phosphale pathway decreasmg the mic ol
glycotssis and nhibiting the Lricarboxylic acid cycle. Cyamide can tehibii several other
mcialloenzymes moit of which contain iron, copper, or molybdecnum {e.g alkaline
phosphatase) as wcll as cnzymes containing SchifT base intcmcdiites {e.g. 2-kelu-d-
hydroxyghstarate aldolase). ilydrogen cyamde will reduce the encegy availubility in adl cells

hutirs effects will be most imisediate on the respinyory systein and hean.

{’rcvious studics with laborotory animals have demonsteated that exposurc to aculely toxic
doscs of cyanide can cause nerve damage and disturbances of thyroid function (Fermisgo, 1933:
Liurst, 1940: Ibiahim ct.al. 1963 Less<ll. 1971). [n thosc animal studics. howaover. the levels
of cyanide nocessary to producc lestons wese near or within the lahal range, ‘The effects of
subchronic administration of cvanide are {ess clcar. In a 2-vear fecd study m which rats wene
adminlstered feed conlaining hydrogen cyanide al concenirations up-to 300ppi. there were no
increases in mortalily, dccreases in body wceight gain. hematologic chiumges. or Bross or
histologic lesions in any tissue of any cxposute Lraup (Lloward srd |lanzal. 1988) in mis
administered fecd containing 1,500- ppm potassium cyamide for |1.5months (Phathrsck
¢l al.1979) obscrvcd decreases m body wcighl gam. decreascs in thyroid function that were
not accompanicd by discemible histologic lesions and modest my clin degenerution in spmal
cord white mater. "hlbrick and co-workers also found evidence of decreased thyroid funclion
and vocuolalion of ncrvous tissuc in rats [ed o dict containing 2,500ppm polassiem
thioeyanate tor | 1.5months, 'this concenlrilion caused no change in hody weight gain The
studics hy (Philhrick c1.a1 1979) included only one dose fevel of cach comjxsund and no dala
verify ing compound levels m the leed were presenied: therelore, the significance of the results
i difficuh 1o assess. Nevenhcless, the lirerstyre data do indicanc that refreated expusure to
duses of cyimiile that arc inargnally 1oxtc is capahic of producing thyroid gland and nervous

system changcs in rodenls
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The ncurologic and thyroid gland Iesions attnbuted to subchronic poisoning dv ¢yanide and
cyanogenic compounds in humans (Hardy ci. al., 1950: Wilson. 1965. Qsuntokun, 1908:
Osuntokun c1. al.. 1970: El Ghavvabi cral, 1975 lTowill ct. al., 1978) are similar 00 thos
described in cxperimental animals recciving repeated high doses of ¢y anide (Fermare, 1933:
Hlurst, 1940; Ibrahim ct. al.. 1963: Lessell. 1971). {lovveycr, few quantitazive exposure data
arc available in these cascs of human puisoning. In studies where disturbiances of th¥roid
function or goilre were seen m humims, exposure 1o cyanide vapours was described as
"lteguem” or “ithsiost constant.’’ asd the thyroid pland cffccts were accompanicd by signs of
acme cyaride potsoning. including livisdachie, dizziness, and difjiculty i breathing. No studics
describing thyrotd ghland cflccls in humans cxposcd to low, non acute toxte tevets of cyanide
wwere found in the literoture. Visual and other ncurological disturbances auributed to ¢yunide
generally occur in individunls exposed to relatively high levels of cyimide or cyanogenic
compounds (¢ g, tropical ncuropailiics in persons consmping cassava as o signilican
perceniage of the dicl; lobacco amblyofiis in penons who smickic) or mdividuals with inbore
dclicicncics in cyanidc dctoxilicstion {e.g. optical ncuropathy 1n persons with Lcbers
hereditary optic atrophy). Thus, while there is strong cvidence for ncuro toxic and 1hyrotonic
cflects of ¢y anide m hitnnans, these elfects may represent high-dose plicnomena. and 1he risk
ltom low-leved chiranic exposurcs may be less. Altematiscly, although humans are gencrally
considered to be less sensitive than rodents to the acuie cifects o cyamide intoxication
{McNamoara, 1976), i1 s possihlc they humans may he minre sensitive to the ncurolngic imd

thytuid ylund elYects,

it is not easy to determine what the lethind doses of cyanide 1o man is. The leitful dose for an
adult dcpends on hody weight and nutritional status. [luinan cyanide poisoning is associatcy
with a nmortality raie of 95% {(Burowiz ct. al., 1992). ‘taken onally the 1312} dose of 1ICN to
adult is estimated at 50-100 ing, and fur potassium cyamde (KCN) about 130-250 mg
(Baflantyne. 197.1). llowcver, victims mgesting as much as 3g ol KCN have bres ssved with
immediate therapy (Vanklciysi, 1987), Inhalation of 1ICN at » concentration of 270 ppm
(approximaicly 0.3 mp HCN per litre) will be impmediately fatal. Vietims havmg o hlood
cyanide level of 2.5-3.0 je/inl ftequently succumb to resplralory cessation within 20-30 nun
of cxposurc or may survive exen up to 3 hr (Snllaniyne, §974). The morhidity or mortaliny
depends upon 1he magnitnde of poisvning, which vancs with tlic dose and forn ol cyanide and
the route of puisvning (Vonlleisst ct al, 1987). 1€ the hydrogen cyanide i samewhere

hetween 30 and 210mg andd il exceeds the fimit an individual is nhic 1o detossty/ (olermie, death
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ma¥ occur duc to cyanide poisoning depending upon the magnitude of exposure. time and
micnsity. Varous non-specific signs and symptoms like hcadiche. dizziness. nausca,
vomilmg. confusion. coma and mcontinence of facees and urine occur (Rallaniyne. 1974),
I'hysiologuzally a scrics of cvents like dyspnoca. incoondination of ntvwvcincit. cardiac
wregularitics. cons ulsive scizures, coma and respirstory failure muy occur Icading to death
(Baskin ¢t al., 1992). Paihologically no particular Icsions can dchineate cyanide toxicity, albeil
amma} cxpertments indicate that the lesions are principally in the central nervous sy siem.
predominantly nccrosis in the whilc matier (Way. 1984). Probably the most widespread
idhologic condition miribuied to chronic cyantde poisoning is tropic alaxic ncuropslby
[ollowing cassava cunsumption (Osuntokun, [980). Smallcr. non-Iatal amounis of cyanide
causc acuic ntoxicotion with ssmploms ol rapid respiration deop in bloet! pressure, rupid

pulsc. dizzincss. hcadache, stomach pains. vomiting and diarthoga,

2.0 COMPARATIVE XINETICS AND METABOLISM OF CYANIDE IN
LABOIRRNTORY ANINALS AND HUMANS

2.1.1 Absorion

Ilvdrogen cyanide and other ¢y anide salis, is rcodily absorbed followine inhalation. oral. and
demal exposure. Fallowing cxposurc 10 ¢yanide in 1he atmosphetc, 1oxic amounts of ¢yanide
arc ahsorbed with great rapidlity through the bronchial mucosa and alveoli (ATSDR, 1997),
| lumans rvtained 58% of the hydrogen cyumide v the lungs alter tnhsling the gas through
nonnal breathing (Londaht and {icrrmann, 1950 ATSDR, 1997). Alkalt metol cyanides aee
rapiliy absorbed lrom the gostrointestinal tract. 1he presencc ol food in the gut, the pll of the
gut, ond the lipul solubility of the cyanide compound al¥ect absorption, Gastrpiniestinal
absorption of inorguntc cvanide salts 1s sfawces than pulmonary absorplion, and the onsct of
ssmptoms §s deiaycd and the seventy ol symploms diminished compdred with inhalation
(W10, 2604). When simplc €y anide salls such as potassium and sodium ¢y anide are mested.

lice cyanitle ion can ropidly hind hydropen ion 1o form hydrogen cyanidc in the Iaghly acidic
mediuin of the stomach, Essentially all cyanide ingested as ¢yanide salls will fonn hydrogen

cyanide and will he quickly nbsorbed. Hlowescr, aller oral meake, only part of the dose scaches
the bloont duc to lirst-pass mciabolism by the liver IECETOC, 2004}, Cyantdes asc well

pbsorbed via the gastrointestinal tract or skin and mapidly absorhed via the respiratoty imel,

Once absorbed cyanide 1s rapidly and ubiquitously distrihuied throughout the body, ahlwwgh

the highesi devels arc typically found m the liver, lungs, blood. and brain, ‘There is no

occumulation af cyanide in the blood orlissucs follow ing chronic vrevpeatod exposure
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laquid cyanide compounds are casily absorbed throuth intact skin upon direct contact due to
their {ipid solubility and sapid cpidemmal penctration, Skin absorption of vapours of hy deogen
syanidc is also possiblc when the air concentrations are high (W10, 2004). The amount and
rolc of absorplion ol ¢yamidey from aqucous solutions or atmosphcric hydrogen cyanide
depend upon the presence of moisture 1n the skin. concentrutivn and pll of the solution, the
surface arca ol contact and the duration of contact {Dugard. 1987). /n vatre studies with
human skin have shown that pencirttan of sodiutn eyanide in aqueous solution through skim
decreases with increasing pl {increasing dissociation). reflecting the inore rapid abso:puion of
the un-dissocioled hydrogen ¢yanide. The permeahility' constant measured for ihe cyamde 1on
in squcous solution was 3.5 x K0~ em/h. and that calculated for hydrosen ¢vimide was | = [0

' em'h {Dugard. 1987)

2.4.2 Ddisteihution

Ilydrogen ¢yvanide has a p&s of 9.22: thus. st physiological pll tabout pHl 7.:4). hydracynic
acit$ 1s listribusedd in the body as hydiogen cypnide and is Aol present as the Irce e¥anide ion,
llcnce. the form of cyanide 1o which cxpasure vecurs, the sail or the free acid. docs not
inllucnce distrihution, meisholism, os exeretion trom the body {1:CL 1OC. 200 4) Inhaled or
herculbncousty absorbed hydrogen cyanide passes iminediately m1o the systemic circulatin,,
The ilisieibution of ¢yanide 1o the various tissues is mpiil and lnygly unifonn, Somewhat higher
levels are generally found in the liver. lungse blood. pnd bmin. The tissuc levels of hydiogen
cyimide were 0.75, 0.42. 041, 9.33, and 0.32-mg7100 g of tissuc in lung, hean, bload. Killney,
ani brain, respectively, in a man who died following inhalition eaposace lo hydrogen eyanide
gas (Gettler and 1%aine, 1938: Dallaniyne, 1983: ATSDR. 1997; ECET@®C. 2004). {n contrasl,
high proportions of ingested sodium and potassium cyvanide wall pass through the liver and are
detoxilied by the first-pass eflect. The major postion of ¢yanule in blood is sequcstered in the

crythrocyies. and a rclatively small rropertion is trnsporicd via tlic plasma 1o largel organs

¢ yanide iscancentrited i red blood cells at a red blood cell o plasivia ratio of 199.F; levels in

plasma rellect lissue levels better than Jevels n whole hlond or crythrocytes, Small but

signilicant levels of cyanide ose found in nonnol blood ptasma (<140 pg/litre) and other

tissues (0.5 mg cyanidekg) of humans withoul known occupational cymmile exposurc

(beldstem & Klend<hoj, 1954). These levels arc related mostly 1o esposure o cysnopemc

food, sitaniin Bj;, ond tohacco smoke. A deuniled survey of nosmal plasma cyanide tesels in

[0 cases showed a masiminn level of 106 agditce. with o 1wean of 48 pgdiue (Eeldstcin &
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Klendshoj, 195:4). Aficr cessation ol caxposure, plasma cyanide levels tend to return to normal
within 3-8 h (Fcldstein & Kiendshoj, 1953; Ansell & Lewss, 1970).

In rats dostd by gavage. highest concentrations ol cyanide were found in the liver. fotlowed
by thc lungs and blood (Yamamoto, §990). After inhalation cxposurc, the highest
conccnlrations of cyanide in rats were found in the lungs, folloved by the blood .md hiver.
There is a cumulative ellect of exposure lo thiocyanite (from the breakdown ol cyanopcnsc
glscosides in lood plants). resuliing an thymid toxicity. including goiter and crclinism
(Nahsstcdl, 1993). A nuinber of illusirative levels of cyonide in organs and hlosd afice orul
mtake in hunans (Anscll and Lewis. 1970: ATSDR. 1997) and rabbits (Baliontvie, 19832)

have Been rcporsied. Yor a given exposure roule, whole bload and scrum cyunide bevels are

quite simitar for dificrent species (BBallmivne, 1983)

2.4.3 Mctabolisen and Txgretion

Although cyinide can micract with substances such ns mcyhaemogtobin in the hloodstream,
(the wnasority of cyanidc metabolism occurs within the lissues Cyanide is mciabolized in
mammalian systcms by one magjor route and scveral sninor routes. The major rouvic of
mctaholism for hydrogen cyanide and cyanides 15 dctosification in the liver by the
mitachondrial cnzamc rhodoncse. which catalyses the transfer of the sulfune sulfur of
thiosullatc to the ¢yanide ton to form thiocvanale (Figure 3) (Williams, 1959. Ansell and
f.cwis, §970). This route detonifics about 80% of cyanide. The rate-limiting sicp 14 the amount
of thiosubiate, Whilc rhodencse is present in the mitochondnis of all tissues, the specics and
lissuc dsstributions of thadanese arc highly variahle. In general, the highcst concentrations of
thadanese arc lonnd in the liver, kidney. brain. and musde. but the supply of thiosuliatc is
limitci} (Aminlasi ct al.. 1991). Rhodancsc is present in rat nasdl mucosal lissucs paaiculariy
in the ollscion region. at a 7-fold higher concentration {on a per milligram of mitochondrial
protcm basis) than in the liver (Dahd. 1989). Dogs have a lower ovcrall actisity: of rhodanese

than monkcys; rats. and rabbits (ATSDR, 1997)
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Figuee 2.3: Baale processes involved in the metabolism of eyuniile {ATSDR, 1997)
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A number of other sulfur transfcrases can also metabolize cyanide. and albumin. which carrics
clementa) solfur in the body 1n the sulfanc form, can assiv in the catalysis of cyanide 10
thiocyanale as well (Sylvester et al.. 1983; Westley et al., 1983). Cyanide and thiocyanate can
also be mctobolized by several minor routes, including the combimtion of cyvausde wath
hydrox) cobalamin {vitamin 13;.a) 10 vicld cvanacobalamin {vitainm 13;3) (Boxcr and Rick.ards.
1952) and the non-enzymotic combination of cyanidc with ¢y stine. fonning 2-miinothiazoline-
Jd~carboxylic acid. whtch appears 1n be excreicd without lunher change {(Rieders. 1971)

(Fipure 2.3),

{n studies with rats orally adminisicred potassium cyanide and snaintuined (i up ta 4 weehs
on ¢ither a balanced dict or a diet lacking the sulfur amine acids L-cystine umd [ -nicthsonine, a
strongly positive lincar relationship was found between blood tyanide and plasma cyanale
(OCN) concentration (Tor-Aghidye ct o, 1999), it was suppested thal in Alnea. where there
arc prolein-<clicicnt populations whose lcvels of sulfus-containing snmsno scids are Jow,
cyasnide (from prolonged usc ol cassava) may conccivabiy be comericd o cyonate, which is

known 1o couse ncurodegencrtive discase in humans and animals,

While sbsorbed cyanide is principally excreted as thiocysnaiz m the urine, irates of fice
hydrogen cyanide may also be excreted unchonged in the Jungs. saliva., sweal. or urine
(Ifartuny, 1982), as carbon dionide in expired oir. or as deta-lhiocyanoalanme in saliva and
sweal (Friedberg and Schwaitzkopfs 1969 [larung, 1982; JECIFA, 1993). Iocyanale was
{ound in the urinc of non-cxposcd people at average concentrasions of 2.16-mg/litre urine for
non-smokers snd 3.2-mg:litre unne for smokers (Chandra ¢t al., 1980). Urinaiy excection of
thioeyanale was inonitoted in a man alter ingestion of about 3-5 @ petassium cyanide (1 5-2$
mg cyanide/kg body weight) (hicbovity amd Schwanz, 1948, ATSDR. 1997). The results
mdicaled that the patient escreied 237 ing of thiocyanale over a 72-h penod. 'This duantily was
suhstaintialiy more than thc normal avcrage amount of thiocyanate in urine, which varies {rom

0.85 16 14 mg2 h(ATSDR, 1997)

flic limiting factor in cyanide metabalism is the low concentration of the sulfur.containing
substsalcs in the body — pnmarily thiosu!futc, but alswo cyslinc and cysicine, The ale of
spontancous detoxilication of cyanitie in humans 15 about | pgshg body seight per minute
(Schultz and Roth ct al.. W82). which is conwderably slower thim in siushll codests (Schuten

and B3nill. ) 268) or doys {lawrcnce, 1947).
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28 POTENTIAL HHEALTH EFFECTS IN HUNANS OF POTASSIUM CYANIDE

2.5.1 Effects of ShorkTerm (Acule) IAposurc

Inhalation:

PPotassium cyanide is a solid. which does pot form a vapeur al room temperature. Floweser,
tnhalation of potassium cyanide can occur followmg cxpsosure to the dust and o mists or
vapours from hcated or misted solutions. [n genctit!, dusts or mists can be very iritatmg 10 the
nosc and throal. More importantly, patassium c)anide refeases hydrogen cyamde when
combined with wuter or acid. |1ydrogen cyanide is an extremely toxic gas. which causes deith
al veny fow concentrutions. §t ss a rapidly absorbed and fast-acling posson, which peses a very
scrious inhalntion hazard. 1he odour threshotd ol hydrogen cyanide ts sery low (0.6-1.5 ppm).
but % docs not provide a netigble swaming of exposure. Some eople {up 10 20% of the
pepulation) are unphic 10 smell cyanile. cven at highly 1oxic conccentrations (A ISHR. 1967).
The carly sympiustts of cyanide poisoning may include anxicty amd cxeilcment, weakiness,
hcadache, nausca vomiting. mctallic tastc. chest nughtness, fiscial luviing, droswsincss,
dizzincss. rrhanon of the cyes, nose and throm, rapid breathing n risc i blood pressure and a
dectcasc in pulse. Laboured breathing, falling blood pressure. apid. weak iregular heanbeat,
unconsciousncss, and convulsions foBow these symploms. Fn scvere ¢oses, cardiovascular
collapsc, shock, ani! wd accumutation in the lungs (pulmemary cderta) nre followed by
dcath. Whh massive doses. m.ny of the signs and syinftoms may not be secn. and there ts a

rapid onsci of poisoning with convulsions, collapsc and death (Ballaniyne ct al., 199.4),

A characlcristic sign of cyamube poisoning is the bright red colour of bleod. which may sesuh
in red skin colaur {Gossclin ct. al., 1984). Thcre arc many reports ol c¥anide poisoning lrom
accidenual, suicids! and homicidal cxposure (o HON or its sahs {inasi commanly poiassivm ur
sodium cyanide). The majority of people who survive shont-term cyanide poisonmg dJdo not
have long-lasting eflects, llowcver, depending on the degree of cxposurc. there may be
cnduring cffects from low oxygen. including unpaired mcemory and miathematical abilitics,

personality changes. and altereil contro! aud coordination of movement (1 lall ct. al. 1986)

skin Contacl:
Potassium cyanide is very toxee il absorbed through the skin, Skin contact with polassium
cyanide <olutions can cause symptoms similar 10 those descrihed upder “Inhalatan® abme

Poassium cyanide sojuitnns arc caprected 10 be cormsive, hased vy pll. Camrosive materials
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_can cause severe skin bums with blistering, permancnt ssarering and, 1n «vere cases death. No
conclusians can be drawn from a case regort 1hat desceibes an clectroplater and inctal worker
who dcveloped a unique necuro-behavioural disorder. diagnosed as an aculc psychosis,
following a significant short-tenn cxposure ta cyanide. {llc was <plashed in the face by an
unspecified cyanide compound.) This person also had significant long-tenn cxposurc to

scveral metals, organic solyvents and efecteoplating chemicals (Rales €1, ol., 1997).

E.yc Contact:

Potassiuin cyanidc i1s very toxic il absorbed through the cye. Eyc contact can cause s} mpioms
as dcscribed under “Inhalation™ abowe. Polassium cyanide solutions arc capecied 1 be
corrosive, based on pll. Corrosive inatecials can cause very severe ¢ye irrilanvoir und, in some

cascse permanent damagc to viston. including blindness.

Ingestion:

Potasssum cyanide is very t1oxic il ingested. It s rpidly absorbed throngh the digestive trace
ccsulting in symptaans as described under "Inhalatsion™ above. Iminediatcly lollowing
mgestion. a hnter, acrid, buming taste may’ be notcd, followed by constnction or nuinbness in
the throat. Thicecis ropid ventilation and shorincss of breath, the stoinach lining is imritated and
nausea and voiniting may occur. Yhen unconsciousness. convulsions. muscalar contraction of
the jaw, sopid and icrcgular pulse. gasping, paralysis and death may' occur (1lasu ct, af., 1985).
In humans, the average lethal dose of hydrogen cyanidce 15 cstimaied to be 60-90 ing (Gosselin
ctl. ab., 1984). A few cases of Packinsonism (a syndromc characterized hy decrcased muhiliny.,
muscular rigidity, and iremor) have been reported in susvis ors of acute cyanide poisonring. All
case reparts nvelved non occupational exposucc ro high oral doses {where specitied) (Grandas
ct. al. 1989). Ingestion is not a 1yptcal route for occupiational cxpssure. Il the hydrogen
cyanide exceeds the limit an individval 1s ahle to deloxifytolerote. death may occur due to
csanide poisoning. The acute orat Icthal dose of hydrogen cyanide lor human beings s
reported to be 0.5-3.5 ing/kg bodyweight, Approximatcly S(-60 mg ul fiee ¢cyanille from
cassavo and s processed peoducts constiluies a Icthal dosc for an odult man. Data on 1he ol
Icthal duse of ¢yanide for man in lour cases of suicide. cgleulited fron the anount of
hydrogen cyanide abserbed In the body at the lime of death, and fmm e amount pl hy drogen
cvanide found in the digestive tract, dillcred considerably anil corresponded to dews ot'Q §§-
22 mp'kg by weighi (WO, 1965},
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Although acute cessava poisoning — somelimes tending (o the death-of whole fuenilies — has

been occosionally teported alicr the consumption of inadequilely processed casssva
(€ suntokiun, 1984: Clilt and Countinho, §995)
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Cyantde can allcet many functions in the Ixxly, including the vascular, visual. pulmonuny.
ccntral nervous, cordiac. awtonomic. ¢ndocrine, and inctabolic systems. The l1oxico-dy namic
cllccts can vany depending on the dose. route and speed of adiministestion, chemical forin ol
the cyamide. and other factors including the gender. age, weight, stress level, and genesi
phy sical condition of the recipient (3askin ct. al. 1998), Procecding clockwisc [rom the top of
the diagrom; Viserdur clticcls for ¢yunide can melude an mitial transien! increase. follswed hy
a decreisc, in cardiac vulput. 13ood pressure [alls as the cardsac morropic effevt decreases isnd
as vasodilption occurs. Fisuud effccts can mclude a deercase in the capicity Lo locus, with lule-
onsct mydriusis sceendary’ 10 hyposta. Onc of the lirst porfumnary clfecls drom cyanide is a
respiatory gusp, sshich is caused by stimulatjon ut” chemoreceptor hodics ncar the gosic
bitwication. Ilyperventilation follows this response, Over lime (lthe scsponse |5 dose-
dependent, but seconds t inintes), the freyuency and depth of breathing ditninish, Centrnt
nervauy srseem cllects initinlly manitest as decseased awareness and incredsell relcase of
enkephalins followed by loss of consciousncss and convulsions (Baskin vt. ol 1998). Curdiac
¢flects alker cxamde cxposure are an increase in hean rate. then a deercasc: both arc
accompanicd by asvhythmiss and ncgative ingteapy, Cyanide produces a number ol ustanonifc
nervous sysem ¢flects. based on the 1oule and dosc ol the agenl. Cyanide cun afso produce
mutisple endocrine cliccts meluding epinepheine and histaminc rcicase, and meetubotic achions

that dccrease energy production by the inhibiiion of the use of cytochio:ne ovidase

PCr; phosjpihocrcatine
ATP: adenasinc inphosfihatc

C.0.: cardiac outpul

2.5.2 Ellccis of Long-Term {Chironic) Layinsure

Sescrul human population studies have cvalualed the posentiat health effcets of long-tcrm
cyanide cxposure, In gencral, these studics are limiled by factors such as the smsll number of
cmployces cvalusted and the possibility f concuirent caposure lo other pasentially hsomful
chemicals (particutarsy' in the electroplating industiy ). In addition. few studics repont ccliahie
measurements of cyanide exposurcs and escn when nirtome concentralions are eepatcy.,
espusure may also have occurred hy skin absorplion. Despile these limuations, the avaitabe
evidence suggeds thal long-lean occupalional ¢yanide eaposure may be awoviated with

harmiful cifects in the thyraid gland and the nenvous wystem. Fotig-term exfunune Wy « Vanik
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also cccurs lrom smokmg, cating oods cuntaining cyanogenic plycosides snd infection with

ey anide-producing bactena (Wilson, 1987).

Nervous System:

Luntted inlonnation suggests thiat long-tenn exposurc to cyanides may be associated swith
hannful cffects on the neev ous system. Some of the symptorns observed arc non-specilic {e..
headiches) and could he associated with many causcs, Nevestheless. there dnes seem 1o he an
associniion between some nenvous system symyitoms ond cyanide exposure, |hidy-sis mole.
non-soioking ciployees were cxposed for 5-15 years 1o 4.2-12.4 ppm cyanide lrom

clectroptating baths containing saxliuns and copper cyanide. Nervous sysicin sy initoms were,

in order of fresfuency, headache, weakness, changes in tasie ond smell, visual dilliculics, ond

ncovous imstahality. Two employees expericneed psychotic cpisodes. whtch they recovered

Irom within 36-18 hours [ulluming removal from the orea of exposure {1l Ghawabi o, al,

1975), 1iMty-stx malc cmployces were exposed 10 hydrogen cyanide (concenlaations nol

reported} while engoged in case hunlening ond clectroplating for 2-20 years, A significant
increase in imptirment of memory. vasual ability . visual icaming and psychomolor abdility was

ohsened 1 eaposed empleyees, compaied to 33 matched controls. Headaches were mose

| {frequently reported in exposed workers (Kuinar ¢ al., 1992)

thirty-sin employees were eaposed to hydrogen ond sodtum cyanide m a silser-nxclaimmg
lactory by inhalation (15 ppm. 24-hour average conceatration). skan contact and pusysbly vrl
cxposure. An cmploycc died of acuic cyanide possoning and 1hc plant wasclosed for 7 months
before the study was carricd out. An ovecall exposure mdex was calculated fased on job
calcgory. frequency- of handling ¢ yamde and ingesting food or drink in the production arcas
WNervous systern symploms. which haf a significant positive comelation with exposure, were
numbness or iingling {parcsthesia) of the exremiligs. casy fatigue and a ssmplom compley
tncluding headache, dizziness, anil faining (Hlane ci. al., 1985) Ncuropsthics in people livang
in copical areas wilh a dict high in ¢assava. a roql rich in cyanogenic glycosides. hase
presiously been atiributed to cyanide.( ATSDR. 1997) lJowever, this dict is alw high n
scopoletin, a coumanin compound, which s believed 1 be responsible fise sune of the

neurotoxic cifects ((3bidoo et al. 190})

¥}
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L.ungs/Respiratory Systent:

Two limited stdics sugpest that long-lenn cyunidL' exposure may be associaled with lahoured
breatlung. An increased ineidence of clfort-induced, laboured hreathing was ohserved in MG
inale. non-simokmg anployees exposcd fur 3-15 wyeors w0 4.2-12. ppm cyanule fiom
clecuroploung baths conwining suduny and copper cyanide (Et Ghawabi cr. al, 1975), An
association between labouted breathing and cyanide cxposure was also chaerved in 36
cmployees exposed tn hydrogen and sodium cyanide in a sijver-reclaiming Lwian, by
inhalation (1S ppm, 24-hour overage conceniralion), skin contact and pussihly oml exposure,

An cmployee had died of acule ¢yanide poisoning and the plust wan <losed ler 7 nionths

belore the siudy was carricd oul. An overafl exposure index was enlculated based on job

cacgony, trevjuency of hundling cyanide end ingesting food or drnk tn the production arcas
{llanc et al., 198S),

SKkin:

An association belw ecn developiment of a <kin rash and cyanide cxposure was nlso observed
in 36 employces exposed 10 hydrogen and sodium evoride in a silver-reclaiming faclory, by
inhalation (15 ppiti. 24-hour average concentration), skin comaci and possibly oral cxpasure
An cmployce had died of acute cvanide poisoning and the plant was closed for 7 months

belore the siudy was carried out (Blancct. al., 1985).

Digestive Svatem;
an incregscd inctdence of nausca and/or vomiting was reported in two siudics that cvaluated
cmploy ccs with long-iermi cxposure to cyanide concentrations up o |5 ppin (with possihle

concireent ingestion and skin contact) ($:| Ghawabi et, al.. 1975}

Eyes/Visjons

Eye #riiMinon was reporied in 3 limited studies invalving clectroplating worken. Exposuges,
when specilied. ranged from 4.2-15 ppm cysnide {Numar ct. al. 1992). Hlowever. 0 is nos
possihic 10 draw any specific conclusions abous the cxc imtalion potcnial of long-term
cyanide cxposure. becsuse clestroplating workers are exposed o many chemicals thal arc
iiating to the eyes (ATSDR. 1997). Degenemnon of the optic neeve and part ol the rclina
lthe macula) is found m peopic living in tropical arcas with a dict hagh w cassava, a nwst rish

tn cyanogenic glycosides {Wilson, J1047) In some vaves these ellects have been aiteibulind by
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cyanide exposure (ATLDR. 1997), Nowever, this dict is also high In scopoletin, 2 conmarin

compound, which 15 beliesed 10 be respunsible for some of these eflects (Obidoa et al., 1991.)

Bluad /IHuod Forming System:

there 18 seny limned information: that long-lerm expasure to C).lnidc s ossocizted with
harmlul eficcts on the bivod . Blood chemistey changes {increased white blood ¢vlls nad red
bloud cell sedimentition mite. and decrcased hemoglobin level) was observed v 3 cmplos ces
cxposcdl o unspecilied concenirlions of hydrogen cyanide, while engaged in cose hnnicn;ng
and clechoplating for 2-20 years (Kurmar ¢t al.. 1992) Swatistical analysis of the resails was
not conducted Blood chemisiey changes (increased hemoglobin and ly mphocite counts and
red blood cell damage) were obsenved in 36 male, non-smoking cmploy ces exposed for $-£3
vears 10 4 2-12.4 ppm ¢danide during clectroplaiing opertrons (15 Ghawaln cl. uly 1975)

Howceser, exposure 1o copper. an agent known to have toxse cffects on bload also occurred

Changes in whitc blood ccll enzyme uctivily were noted in 13 employces exposed 1o an

ascrape concentration of 023 o hydrogen ¢yomde for 0.25-16 yeans (averoge 5.4 yeors)
duning metal conting opcrations (Dinca cL al. 1972).

.ndnerine Svstem:

Evidence from human and animel studics (ndicalcs that long-lerm cxposure [o cyanide can
resull in impaired thy roid funciion and cnlargement of the thyroid (goiter). Thiocyanatc. the
main mctabohtc of cyanide, 15 belicved 10 causc these cffcets by dnhibiting the uptake f)f
iodinc by the thyroid (Bancee cl al.. 1997) Findings consisten! wilh impaired 1hdraid
(unction wereobser cd in 33 nale cinployees. afl non-sinvhers. who were cxpuscd 10 cyanude
salts for al least 5 years while working with anclectropiating process. (:vanide concentrations
wcre not repoited (Bancrjee cl al. 1997). Mildto moderic Ihyroid cnlargement Was obecrved
in 20736 malc clectroplaring workers. who were expused tu 4.2-12.4 ppm cyanide for 3-15

years, Mcasurenent of radioaciive iodine uptake shnwed a significantly. higher todine uptake

in the capoascd workers thnn for the contro} group (El Gawabi ct. at., 19751 The heolth of 36

cmployecs exposed to hydroZcn ond sodium cyanide in a sHivet-reclaining faclosy was

asscssed . Inhalation (I3 ppm, 2.-hour avcrage conceniiation). sken contact and possibly ol

capasure had occurred. An employee died ol scutc c)anide poroning and the plant was <luaed

for 7 montha before the study was carmicd out. An overall caposure indes was calculaicd bhasved

o job category, fieducncy of handhng c¥anide ond inkcesting food o7 Jdrink 10 the psduc e

arexs. In 1wy Jone 7.30 months alicr the laal extwsure, the thytuid-stimulating ownione wis
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ssgniticanity. higher (n high exposure mdey cinployees. compared to the mcan laboratory

control value Ylowever. thyruxine levely were normol and no thy roid enlargernent wos found

{Blonc ct_ol, k98S). k imited wnimal infonnation suggests that lang-term exposure la cy anide
conipounds may harm the thyroid gland,

Carcinolienicily:

IMcrc ss no human or animal infoimation avaifahle, The Intesnational Agency lor Rescarch on
Cancer (L ARC) hos not cyaluoied the carcinogenicily of this chesical. | he Amcrican
Conlerence of Goscriinenal  Induntriol  Hygienssts  (ACGIE) has  not assigned @

carcinogenicity. desigration to this chiemical. The US National |oxicology I'rogram (NTI") has
not lssted this chiemical in 1is repont on cascinogens.

Teratupenicity nnd Embry atosicity
heee 15 no human informition pvailahle, The limited animal infonnotion availahle sugpests

that potassium e¢yimide i not o deselopmental toxin,

Repranfuctive Toxicity: :
There is no humon infonnation available. in an animol siudy. chonges suppestinve o

repeoductisectliccis were otnerved in rais ond mice. Howeycr, festilily was neit 6y almoicd.

Mutagenicity: :
These is no human infaemasion vaitable. The avaitable evidence does not indicatc that
polassium c¥anide is muingeme. ['wo 1csts using live mice werfc neBative. 3oth positive ond

negative fesults bove been abtained in short-temm eSS usIng manmelion ccllsard bactena

Unsicutogically &y nerpistic Maierials:

Co-ernpeisure 10 hydroien cysnide ond 5% carbon dionide (not [cthal by ftself) resulicd in an
\ 5\ 554 . )

acrcase in the leshadity of hydrogen cyanide (A 1SDR, 1997), Oral pre-ttcotnent of guincd

ne |

pigs with ascerbalc cnhanced the toxic effects o foral adnumsiration of potassium cyanide. |1
as suggcsicd that the ascorhate interlered with the reaction 10 detorify cyanide {Basu, 1983)

"

1t lcntial for Accumuling: |

Cyvanide does not secumulate.  The maost important  route for detoxification is by a
‘ ) " .-

mitochoncinal enzyme rhodanese. which adds sulfur 1o the cyamide 1on 10 toem tha'san™

Thiocy st is lens teae ond 16 eacreted in the unne (lfasu ot als 198%) e cvame B
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widely distributed in the tissucs. but has its greates! activity inthe liver, The budy has a large
capacity to detoxify ¢yanide but the eeattion is dependent on an adeduate supply of sullur
(Gosselin et al.. 1984) The manimum delonilication cate tor humans is (6440

mcrograms/kg body weight/niinulc, which is consideribly tuser than for lab rodents or dogs,
Mosl absorbed cyvanide s excreled in the urine s thiocyanate, but small amoums agc
climindtcd in exhaled air and wrinc as hydrogen cyanide, carbon liexide and othcr mewaholic

products: §he average half tiine far excretion of thiocyanaic has beer reperted lo b 2.7 day's

in healthy voluntcers.

Health Comments:

he ¢yamide 10n binds with iron ions in the ¢av)y me cylochtonie oxidase, which prevenis body
celly from using oxygen. [hus, cyamde ispaics the body’s ability to use oxygen and 1he
peimary target organs {or acnle cyaniile poisoning arc the ecntral ncrvous sy stem aml the heant
(AVSDR, 1997) .Cyanides also inhibit other enzyme sysiems, csprecially thowe contaiming icon

or copper, which contributces to the symgtoms obsenved (Fcasley, 1998).

350 Lont-Torm Susliva mad Cyanide Disvnses

KNonzo

*Konzo™ is a local Zairean term for a discuse lirst described in 1938 jo the Democric
Republie of Congo (fommally Zoire) by Trolli: in 1938. but has :lso been observed in
Morzambique Tanzania, Centeal African Rcpublic and Cemeroon {(Ministny of [kahh,
Mozambique, 1984; Howlet ci al.. 1990; Tylleskar ct al.. 1992, 1994; |.antrum c1 al, 1V98;
[‘rmesto et al, 2002), Konzo is an upper motor ncuron discasc characeerised hy irreversihle but
non-progeessive syncnetsic spastic paraparcsis thal has an shrupt onscl It mostly offecls
chililren and women of childbeaning ape Scscre cases have a sp3stic foc-scissar pait or
paticnts will nol be able to walk m all, and the armns und speech may also be oflected, A long-
term foitow.up of konzo patienis showed 1hat the neurolagical signs in kotwva paticnts
remaincd constant: howcever, funclional improvement may occur ICIF and Nicala, [947)

b {igh ursnary thiocyanate cancenirations and peesence of ankle clonus are slvo obsenved, In ol

ccports of eptdemics. korzo has been associated with high and sustined cynnegens inlake at

sub.lctlial concentrations from cassava or cassava flour in combination with a low intake o

sulphur amino acids

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




Tropteol Auexic Neuropasin: (14N}

TAN s uscd o deseribe several neurological syndeomes attributed (o tosico-nutritional
vatises. The syndromes groupied. as 'TAN can dilTer widely i clinical prescnlation. natural
histony anu reapose 1o trestinent. TAN has occurred mainly in Alrica, particolarfy Nigeria.
1he inatn clitical [eatures of some of the syndroines hiuve included: sure tonguc. ungular
stomaltitis. sk desguamations, optical atraphy, ncwro-sensory dealness and senson pai
ataxi (in Oluwole ct al. 2000). The cause is trihuted to dictory eyantde exposure from the
chronic nsonotonous consunpiion of foods provessed froin cassova. The onset of TAN i3
usually slow over months or years and the mean nge of people alfected by TAN is grenier than

40 yeurs. TAN aftects mailes and femules inoll age groups equally

Goure and cnctimism

Studics 1n African countrics such os Zaire have estahlished that goitre and cretinism due 10
lodine deficiency can be considerthly aggravaicd by a continuous dictary cyanide cxposure
from insullicicntly processed cassava. Thisellecl is causcd by thiocyamitte. which is similye m
aize o the lodine motecule and interferes with npake of indine into the thysaid gland. 1ligh
thiocyanate levels, which can occtir afler expusure 10 cyanide from cassova. can only alfect
the eland when the 1adine tmitke is below 100micrograms/day, which is reganled minimal for
normal function. Populations with veiy low' iodine and htgh thiccyadale level from
consumption of cassava show sevene endemic goitre. hut this decrease with iodme

supplemcntation (revicwsed hy Rosling. [987)

2.6 KINETICS OF CVANIDE AND HEALTIH EFFECTS IN HUMAN

Cy anidc is produced in the human body and cxhaled 1n extremely low concentraitons sith
cach breath. 1t is acuicly toxic to humans. Liquid or gaseous Ifydrogen ¢yanide dnd olkali sals
of cyanide can cnter the body through inhalation, ingestion or absorption throuel the eyes and
&in. The ric of skin absorption is cnhalikced when the skin ts cut abraided or maoisi: inhale)
salts of cyanide arc recadily dissoived and absorbed upon contact with moist myscous
mecmbtancs. Tlie dose —efTect tunc of the seute cllects in humans is steep. Whereas slight
cllccls occur at cxposurc 10 hydrogen cyanide levels of 20210 mg m'. §0-60 mgm’ can be
tolerated without immediate or late clfects for 20 min 1o | h, 120-150 mgin’ is dangenwus b
life arvd may tead 1o death aiter 0.5-1 b, §50 mpm® i likcly 10 be Tatad within 30 min 200
mg/m® i3 fikely to be Tatal afer 10 min. ond 300 my/m’ Is immediately fatal It dhwsld ke
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emphasized that this represents crude average cxyosurc estimates. based on various studics
(DECOS. 2002}

The eftects of acute cyanide expossie are dominated by centrol ncrvous sysicn and
cardiovascular disturbances (A TSDR, 1991). Ty pical signs of acute cyunide paisoning wachide
lach¥pnoca, headache, vertigo. lack of motor caordinatiun, weak pulsc. cardiac archyshmias,
vomiling, smpar, convulsions. and coma ([alliunync, 1983: Way ¢l al.,, 1%984). Mghological
findings may miclude tmeheal congeslion swith hucmorrhage, cencbral and pulmonry aedema,
gasiric erosions. smd petechise of the brain cninges and pericardium (Way. | 984), Scduelae
o' scvere acute cynmide cxposurc may also include Parkinson-like syndemmes and
cardiovascular signs ol delayed pose-hypoxic myocardial Icsions, as well @18 ncuropsychiatric
mamlcstalions similar 1o those scen with post-hypoxic post-cacbon moncxide encepbalopalhy

(ATSDR, 1994), Desmal absorption of hytrogen cyanide is much slower than pultnonsy

aixorption. and the amount amil speed of absorption through human skm are dependeint on the
amount ol skin moisturc and duralion ol skin contact. 1 he toxicity of hyifrogen ¢yanide 1o
humans is dependent on the nature of the exposure. §ue o the variability of dose-scsponsc
cltects between mdividuals, the toaicity of a subistunce 18 typically cxpressed as the
concentrativnor dosc than is Iethai 10 50%% of the exposed population (1.Cs; or L.Dy). The 1.Cy,
for gaseous hydrogen cyanide is 100.300 pants per mitlion. Inhalation of cyanide in this range
resubs in death wnhin 10-60 minutes, wilh death comning more quichly as the concentration
mcreases. tnhalation of 2000 part per million hydrogen cyanide cauvses death within one
minute The 1.Dsw for ingestion is 50-200 milligrams or -3 milligroms per Kilogram of body
weight. calculaicd as hydrogen csanide. For contact with vnobraded skin, the LD is 100
milligrams (as h¥drogen cyanide) per Kilogrsin of body weight, An average 1Dy value Tos
deemal exposure of 100 mgkg body weight was cslimated for humans (Ricder 191)
\hhough the 1imc. dose and manner of exposuse may diller. the biochemical action of the
cyanide 1s th¢ samc upon cnlering the body. Once in the blood sircam, cyanide forms a stablc
complex with o form ol cytwchrome € oxidasw. an ensyme that promotes the transler of
clectrons tn the matochondria of cells dursing the synthesis of ATP. Without propes €M oxhromce
oxtdase (uaction. cells cannot utilize the oxy gen present in the blond stream, resulting tn
crtitexic hvpoxia or cellular asphyxtation: The lack ot svailable oxy gen causes a ssafl (e
acrobic 10 snacrobic metabalism. Icading 10 the accumulation of loctate I the bliwnd [ he
combincd cfTect of the hypoxla and lactate acidosis is depressed in the contral nenots system

Ibat can reqult In respiratory aseest nind deathe. A1 bigher Icthal conventratins, « vanipse.
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potsoning olso alfects other orgons and systemr in the body inciuding the heart. initiol
syrifitlonis of cyanide poisoning con occur [tom exposure 10 20 10 40 ppm ol gascous
h¥drogen cyanide and may include lieadaclic, drowssness, vertigo, weak and raiid juilse, deep
ond rapid bnzathing. nouseo and vomiting. Convulsing, dilalcd pupils, clammy skin, v weaker
and more saptd nulse and slower, shallowcr breathing can follow these symptoms (E# Ghawabi
ct. ali. §975). Finaily. the hearlbeat becomes slow and iereguliar, body icmperalure falls. tlic
lips. face and cxtremities 1ake on a blue colour. 1he individual falls inlo a conta anid death
occurs (Hanung, 1982; LISEPA. 1985). Ihese symploins can occur lrom sub Icthal exposure
to cYanide, but will diminish as the body detoxilics the peison and excreles iy primarily as
thiocyunate and 2 mnmo thiszoline ) carboxilic acid with other minor metabalites (ATSTIR,
[1989)

Plants contoining cyanoglycusides are the main source of cyanidc cposure for indsviduols
who are not occupationally ¢xposed 10 the chemical. The gencrai population is expuoscd 10
cyanisdes prinvorily by mgestion of faod and walcr. and 10 3 lesser degrec, hy inhalation. The
csanide content in unpolluted air averages 0.60-0,166 pvn (0.)80- 0.187 mp/m’). Cyanide
levels in smoke from U.S. comincecial cigarctics range from 10 to 484 pp/cigureitc lor
mainstream (inhaled) smoke and [roin 0.006 @ 0.27 pg/agaretic for side sircam smoke, The
cyanide conlent in 99.8% of public water sysiems using groundwater in the United Siales
beiwecn 1993 and 1998 «<lid not cxcecd the mnxiinum concentraiton limit of 8.2 me/L, Mean
cyanide concentrations have been reported for some lood products: cereal grains (0.002-0 45
RR/E), s0v protcin products {0.07-0.3 ug/g). cdnned unpilted fruits {0--1 ngfgl, commercial
fruit juices 1,900-0.600 pg/t.). ond U.S. funa beans (F00-170 ngsg). There arc no
comprchensive data on the ¢cyanide content of total dict samples in the United States, o 11 s
not possiblz 10 cstimate the average daily inske from foorks. Cyanide is un cxiremely loric
and {3%1 acting poison: hossever: 1t can be detoailied 10 a centain cvient in the human body, in
very small amounts, cyanide 15 a necessary requirement in the human diet as prosthetic group
of ¢yanocohalarnine {(Vitamin BI2) Cassava planl including the sthroge roels, conlain
linamatinc and lotausirslin respectisely, which dreak dovwn upon disruption of plant cells 10
form hydrogen cyanide (Diciz c1. al. 1994). Differenl neurological syndromes have been
asseciaied with cxposure to cyanide, [dictary cyanide expusure from cassava rowis combiaed
with a {fow make of the solfur amino acids necessary for cyanide Jetasificalnn has been
tmplicated 1n the causation of geowih reiardation and konzo, an upper melin neunmn diseaw:

wientiticd in Africa (Rosling. 19941 The fetlwl dose af ¢yunide e an adubt deiends on tix
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bods weight and nutritional s1atus ond this is somewhere between 30 and 210 mg of HON. 1f
the HHCN enceeds the limit an individual is able to detosify oe tolerate. death nay vceur Jue to
cYunide poisoning while stmaller non- listal wnount ol cywmde canse acule ntovication
{USEPA. 1990). Sincc cassova can withstand droughy, it is sometirnes a nntritionally: strarepic
lamine reseeve erop i arcas of unreliable ainfall, therefore the necd to identify the nutritional
problems associated with cassava dependency and the ise of home grown vegetahles in
abating this toxicity especsally in improperly processed cassova hased fouds, Vepetable
species siems are noted lor their eich conients of essential ainino acids. vitamins and milierals.
I'istsher 10 their rich contem of the mentioned nutrients, it 1s cstablished that green segciohle
lcaves ace the cheapest and 1nast ahundant source ol proicins because of ibeir ahadity 1o
sytithesize amtino acids troin a wide range ol vinually avasloble prinsiey mitestals such s

waler, cachon dioxide, snd atmospheric nitrogen {(os in legumes) (Fasinya, 2000)

The amount ol cyanide n the hlood thet is likely 10 prove tsxic is impeecise and depends
heavily on when the sample 15 dmwn in comparison 1o the time of exposure, the specilic
cymide compound or cyanogenic compaund involsed, the route of cxposurc. treatmeti
provided belore sampling (if any). and sample hadling between colleetion and analysis. In
adults, the blood cyande level that is regarded as “1oxie” 15 generally considered 1o I >
me/L (39 pmal/L), and the “fanl” level is cenerally considered 10 ¢xceed 2.6 10 3 smgsl. (100

115 smol/L) (Ycaoh ct, al.. 2004). Inhalmion of Fire Smoke approximately one fourth of the
4000 Iire and bumn-related deaths cach year in the United States occur 1 children youngerthan
I8 ycars {AAP. 2000). In children. as in adults, the majorty of fire-retatcd deaths are
altribited 10 smoke inhalation rather than bums (AAP, 2000). Children swere among the
smoke-mhalation Imalines in the widely publicized apartment [Iires sn the 'aris. Vrance arca
during 2008 (CNN Intecmattonal, 3006). in one aputment fire 1n Augus 2008, 14 of |7
fatnlitics were of children. In a second apannment {irc afso in August 2008, 4 of the 7 fatalitics

were of children, Children atse dicd in 3 third apariment lirc in September 2005

Cyanide Is 2n imporntant eontributor to death by smoke inhalation and is present in1he blood of
firc victims (rcpardicss of agc) in most cases. In o mcla-analysis of smoke-inhaisiun

associsicd deaths accurring in 7 major fire incidents from 1971 tor 1990, cyanide was tou in
the vkiny' blood in cach study in winch was measured (Alaric. 2002), Carbony hemegianin
levels cortelated poorty with hlood concenisations of carbon monaside. 1he Ivreentage of
faulities having Icthsl blood concenirations of ¢yantde ranjied fleven 33% 1o KT% in the mots-
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analysis In one fire scene, for cxample. loxic blood concentrations of cyvanide were
documcnicd in-87% of victimy, although only 72%5 had a carboxy hemuoglobin level eeeding
30%, a finding suggested by incomiplcie dats from other scenes as well und suggcsling ¥ cause
ol-death otlicethan carhors inonoside in these vietims. Consistent w ith the results of this meta-

Jndlysis. other studies haye found eyanide in the blood of 6296 1o 77% of Vicums who dici
(Barillo a1, al.. 1999).

lleyvated blood cyauide concenlrtions have been found in childrencxposed to fire siiwke, v a
seminnl <iudy of the mule ol cyanide w sitioke-inthalation injury’ and death, 30 of Lz 109
siclitns of smoke inhalation in residential (iees in Paris were younger than 14 years tBaud ct.
al. 1991} Amony thosc 3O children. i3 died and 7 survived. Cyanide was hreseat in both
children who sunvived {mean concentrtinn; 27.4 nol/L) und those who died (mean
conce niration: 87.0 1 mol/L.), Blood carbon monoxide coneentrations were bkt he fcthal
level in some children who survived and some whodicd. a resull suggesting, when considered
in conjunction with the presence of cyanide in their blood thist cyanide Poisuningarul/or other
cates of hypoxin 1nay have contributed 1o their death. The gencrml populasion may be
exposed 1o cyanide from ambicnt air. drinking-water and food. Based on an atinosphenic
hydsogen cyonide concentration of 190 a/m’ and a0 averabe daily inhalativnof 20 m’ ar. the
inhalation cxposure of the general US non-uthan, non-smoking populaion 10 hydrogen
cyvanide 33 cstimated to be 3.8 ngiday (ATSDR. 1997) while based on a daily' drinking-water
consumption of 2 fitres for an adult. the daily inlalic ol cyanogen chieride is cslimaled 1o be
0.9-1.6 pg (cquivatenl to 0.4-0.7 pp of cyanide) {(N1SDR, 1997) lor cyanosen chlonde
concentrations in watcr of 0.15-080 pglitre (0.19-0 34 ug ¢yamdeslitre}. Among the genceral
population, subgroups Wiih the highest potential for exposissc 10 cyonide include active and
passive smok.cr individuals 1nvolyed in lage-seale pocessing ol foods high s €3 anogeme
glycosides :ndividuals consuming foods high in cyanogenic glycosidesy and. fo 2 lesser

degree. fire related sinokic inhalation vicims

2.7 TREATMENT OF POISONING AND ANT IDOTES

Cyanide produccs 8 rapid onset of jowiciy. which must have vigorous and immodialc
trcayncnt lo prevent the toxic syndrome To oblain bepcr prmcciiun. a scncs ol nowse
antidoses cither alonc x I adjunclion with the cuny cntinnil trcatments have boen evm oy

(Way ct_at, 198} (som ct_al . 1905). Their mechanism ol action. cllicny and tovisuy have
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been reviewed as pan of a joint IPCS (UNIYALQ, WHO)CEC project 10 cvahiate antidolus
used m the treatment of cyanide poiscning (Vanileijst et al. 1990). A wide vanicty of
compounds have been used ay cyatide auttdotes and they have heen classilied into four nwhr

groups based on theis niechimsns of nction: Scavengers. Dutosification. Ihysio logcal and
Biochentical (1sam. 1998),

27 0 Sevenpery

These are compounds that imacivate cyanide by bmding it or by forming methucimuglahm,

winch in 1w sequesicees ¢yanide

. Mothemnplobin formers

[he basic ain of tapid dewoxilicmion of cyanide is preventibn or rey crsa! ol iahihitivn of
estochronic oxidase by ¢y amde. Uhis 15 usuadly accomplishcd by providing u large ol of
ferric iron in 1he form of methemoitabin to complex cyanide. Cynntde prefenutially compeles
with the lict-+ of nicthemogiobis as compared 1o that of cytoxhrome oxidosc. and escoiually

binds with the fonner o form cyonmethemoglobin (Jondorf. 19:16). Thereby, the activaty of

mhibited cytochrome oxidasc is resiored. The various maihemoglobin fonmers employed s

cvanide antidotes include:

(i} Amylnitrige:

Inbalation of amyt nitrilc as 2 first aid measure 10 cyanide polsonms 15 known for many jycars
(Vanllcijsi. 1987). lloweser. e cfficocy of amyl nitrisc as - hedogiobi I iREr st maiaed
Jisputed on acconnt of iis inability 1o gencliie incthemoglobm greater than 6% (Basian,
1959), while about § 584 15 rcquircd 10 challenge onc 11250 dosc of cyanise (VanHicajse, 9RT)
Now thc protective clfect of amsLnitrite i sitrbuted 10 its vasodilotory efTect thal can rescrse
the carly cyanidc induced vasoconsisiclion Aqificin! ventilaion with amyl atime broken inta
ambu bags hos been repocicd as a life ssving therapy 0 c>anide poisoned dogn prior 10

induction of signilicant level of meihemoglobincmia(Vick et al. 1985).

(1i} Ssdivm nispite:

Sodium aitrite (SN} is the most prevalent drug of choice for cyanide paisunimg (Uhen ¢l 3l
19$2). When given introvenously (hv.) 11 thes about 12 min 10 genciole approximalely 4@
of methemaglobin (Vanlicijst. 1987). Inspitc of this delay in Inducme a signilicant ksel of
mcdtcmogluhimmu- a fcasonahle protection ollered In SN ¢an be aweriised tot its vasodilason
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propeny  (Vanlicijst, 1990). A scrious drowback with SN is that (inlra venous) Ly
administralion may be accompanicd by scrious cardiovascular embarrassinent. particularly in
children. for whoiy an adjusied dosc is secotmnended (Berlin, 1977), Sime SN induced
methenoglobinemlis iinpairs oxygen transport. il cannol be recommended for lie vicnms
where in maost ntnnces VICN exposure 1s accompanicd hy cachon monoxide poisoning
(1tcalth Canuda. 2002). Sinec carbon monoxide also impairs QXyRen casrying copacity of
hotd, ndmiltistration ot SN would tunher aggrivale the hypoXic condition, SN 1s also nal

adviscd lor mdividnals with Rucosc- 6-phosphalc deltydrogenisc (€i61'19) dcficieot red cells

because of possibilily of serious hnemolytic reactions (Vani leijst, 1%90)

(ili) 4 - Bimethy kisninaphenol:

Ihe relatvely slow rate of metheinoglobin lonnotion hy SN prompicd the development of
nipid methemoglobin lenncrs like aminophcnols 1.dimcthylaminophcnol (DMAP)Y is the
ireatment of choice for ¢yonide poisoning in Gertnany, A dose 0f 3.25 mp/kg. by of DMAP
wa reporicd ta produce mcthemoglobm Jevel of 30% within 18 min and 15%
methcinoglobinctnia wus attsincd within onc minuic withoul an) smmediate cffect on
cardiovascular systern, Llowever. there are difTesences in individual susceptibifiy lo IIMAP,
which ray resuh i an undesirable level of ethemoglobinemin even aflcr normal therapeutic
doses (Vantleijst. 1987). Intsamusculor njection of DMAP resulls in Jocal abscess and fever.
its clinical application remains limitcd on account of ils other toxicological implicsions like
nephrolosic ity {Weger, 1983). Co-administration of o reduced dose of rapid mcthemoglobin
inducer tike DMAP and » slow inducer like SN were olso found 1o be an cflective pre-
ircatment agninsy acule cyitnitle paisontng This regimen by vinue of a protracicd optimal

level of methemoglobmemia pravided sustained prophslaxis m rany (I3hattachasy, et al.,
1591)

tiv) Other methemogiohin fnrmers;

Iydroxy Tamine (HA) was yel ancther ropid mecthemoglehin inducer (Keusana ct. al, 1982)
that was cndoned whh on anticonvulsive propesty (Woad cl. al.. 1975}, In view ot cyanide
induccd convulsions and the Loxicity of DNLAD, the cilicacy of 1IA co adminisimtion with SN
was atso examined in s (Shavacharya «. ol 1993) Ahbough. this scRimen mintmiy 23 ik
cyonide induced convulsions, 11 was less cifechive as compared 10 SN - OMAR reatmen. In
addition 1o prophylasis €O administration of SN and DNAL o HA were alw cilfey e
therapeulxcally (Bhatschary & 1995). but iheir vxirapolatiun i humans warranted cauthwr 0
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-v;!cxf ol the persistent doxicity of these 1eginmens (3hattachsnya and Sugendran, 1992) The
casdiovasculur implications and poor pharmacokinctics of SN led fo cvaluation of yet another
Lroup ol incthacnoglobin (orners vir. atninophcnones and derivatives p-aminepropiophenonc
(PAPP). p - amunnextinoy Iphenone (PAOP). p -nitrosoptopiophenunc (PNPI') and p -hydroxy
ammopraplaphcnonce (PHAPM]. Out of ull these ngents PAPP® was the wos cflective as
prohhylanis (Marrs ond Bright, 1986). Another dhermitive trcatment of cyanide potsouing,
iwalving stroma free sncthemogiohin sohition (S¥XIS) wis proposcd by Tew Eyck ot ol (Yen
Eyck ct al.. 1985). Intravenous adminisiniion of this sofution did not impair the wxdgen
carrysng capacity of hlood ns ¢sused by wost othee methemoglobin formers and direclly

yequestered cyanide (e protecl a 4 X §.8)w dosc of sodium cyanide in rats. J:Hicacy and safcty

ol thas wmblidase retanins 1 be determined in larger antmals.

. Cobult conutining compouniby:

Cobalt ion which forms o stable metal complex with ¢yanide iz an eftective theripeutic agent

against ¢damde puisoning (J.inncll, 1987). Various cobalt containing compounds fmowit to

antagonise cyanide poisonmg include:

(i) Dicoball cdetate (Kelocvinor);
L'hss agent (300 ing of dicobalt cdetsic in glucose solution: i.v.) is the cuerent ircatment or
choice in france and United Kingdom, Scrious side cflects like vomning, urticana,

anaphylactoid shock. hypoicnsion and scntnculor aithythmias have been reporied in paticnis
recciving Kelocyimor (Vanlicijst. 1990),

(i}) Hvdrosncobatamin (Vikundn B 12a):

Mhis agent is perhaps the most promising cyanide antidote used in human toxicology
(VanHcijsi. 1987). With the exchange of hydroayl group ol hydroxccobalainm for cyanide,
non-toxic cyanocabalamin (Vitamin [312) 4s formed. llowever, use of this #ntidoe remaiancd
limiled on eecount of the larfe dose required to challenge cranide poisaning (Chislom ct al
1467) An injcctable solution of hydroxocobalain (S g in waler) ts now ovailable an Feance
and Germany In france a 4g hydroxocohalamin sohnion in #0 ml of sxligm 1hivwipule
{$18) has also been developed. Reconded side ¢llevis of hydrinocobslamin  includes

nnaphy latoid reactions and acne
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) Uther eobult compromubs
- i | - . Y [ Al " t]
baflous chloride. cobattous aectate. cobalt bistidine and sodi cobalt niteite are als

pittcd 10 antagonise cyanide poisuning. lowever, nonc of them has been used clinically

(Linnell. \987),

€, Cyunohwidrin Yormers:
Gy anide is & nucleophite known to reoct with varlous carbanyl mulelies like ketones and

a\dch}da lo yield cynnnhydiin derivatives Wy, 19484} Sodimn py ruvale wiis reporicd fu
cliccinely. challenpe acute exvanide poissning in mice (Schwaelz ¢l ol 1979) Anothers
hetocboaylic acid like « - Ketoglwarie acid (2 -KC s currenlly besng pursued s\';dcl) as 4
edamde antnlote {Dulaney et al | 199)) Prolgctlve elfect of e -KG was pfso sliserved agamsl
cvantde induced comulslons in mice (Yumamola, 1990). ¢ Kty cither alone or In
i_mnhinnlion with SN amitior STS attenuated toxicity I mlce exposed to cyun;dc through
dufcrent routes (Rhattachanya and Vijayaraghavan. 191) Pryphy lactic or theqpeutic ah.lity
of a -KCG was also shown te be augmenied by oxy gen (clhumeau et- al. 1994)° Cyamde
wduced histotonie hypoxla was reversed hy R G which was found to be more effective
than cobolt edetate and sodium pyrusate, Although. clinwal tnals of this agenl as <vunide
antidoie has not »et been conducted in humans. bascd on the promising results in cxperimental
ammals. 1t 1s presently ensasaged as u porennial antidote for eyanide poisonang. 1t 11 considered
safe 3s orel fom of -a KRG s swid ns an over-the counter nutritiona! supplement (Natee

Laboeatosies, San Marcos. CA) (Dulancy . al.. 1991),

38 CY ANOGENIC CLYCOSIDES
Cyanogoh ic By o8 ues at: phyvtewsing, which occur tn least 2000 plam species. of whch o

number of <peexs arc used as
cspecially important siapic foads comazining ¢yanogenic plycosiies (Conn, 1979; Nanes

food in come arcas of tbhe world, Casasa and sorghum are

1930: Oke. 1980 and Rosting- 19944
There arc apfTOMmMIICE 25 cyanogenc Blyerandcs Anawn
o+ gt weois plam Seyends peiMhanly on
(i) If the plant 18 Co awmed raw . of
tuxdy w i) the fow plE ofthe <amach deactivates [\ ghucimkd e ensyme

Scvoni fred dwring Procewiiiig of propanmim amd

Ihe POEmual teanity o 2

inwlickntly processed, N mo s Ie retary o

i) Ihe plamt may not e wufTniacruly
it refore, HAN mua)y reBEIn m e fond
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Several fuctors arc important in this foxicity. The first aspect 15 the proccssing of plant
products containing cyanogenic gly cosides. Whenthe edible paris ol the planis arc macerdted,
the estabolic intracellular enzvme B-glucosidase can be releasced, coming into-contact with the

giscosides. This enzyme hydrolyzes the ¢ anogenic glycosides to produce hydrogen cvaide

and glucose and ketvnes or benzldchyde,

The hydrogen cyanide is the aiajor toxic compeund causing the toxic cffects. Plam products
{notably cassaval. if noy adequately detoxilied durtng the processing nr prepamiion of the

{00d. arc toxic because of the relcase of this preformed hydrogen cyanitle.

The second aspect is the direct consumption of the c) anogenic plant. Macerntion of cihble
parts ol the plunts as they are calen can release S-glucosidase. The B-glicositiase is then awlive
until the low pil inthe stomach deactivates the enzyme. Addionally. t11s possihle that part ol
the cnzyme fraction can become seactivated in thic alkaline cnvironmeni of the gut. At lcast
part of the poteatinl hydrogen cyanide is relcased, and may be responsihle for all or past of the
1onvic effect of ¢yanogenic glycosides in the ¢ascs of some loods. in humans, cyamde s

Jdetoxified by the enzyme rhodancse which can further coavesl majorily of the cyanide 10 d

less tosse thiocs anate which i5 excreded wmurning,

19 LEAFY VIIGETABLES

Scyveral vegetable specics ahosind in Nigeriz and most West Alsican countacs W here they ore
uscd partly as condinients ur spices m human dicts or as subplencniany feedso dis cstock such
15 ¢ahbits, poultry and swine (Aictor and Adeogun. 1995) Lcafy vegetables asec imponay
ilems of dict in many Nigetian homes. These vegetables are hors estcd & all stages of prowth
and fed cither as prcessed, senti-processed or fresh 10 man while they are usually ol¥eted
fresh 1o livestock. Tle nutritiona intcres! in some of hese vegetable specics stems from, their
rich contents of cssential amino acids, vitwnins and mincrals. Funher o these rich conteni of
the meniioned nuirients. it 15 established that green vepetable Icaves are the cheapest and most

abundam source of protcins becauvse o Mtheir ability to svathesize amino acids from o w e

range of virwally av ailahle primary materials such as water, carbon dioxide and almospheric

nitrogen (as in leguines) (Fasnyiand Aletor, 2005).

Apistt from the variely W hich they add (o the menu. they an avatlabl e sources vl putrients

cspecially i rurdl orcas where they contribute substantially to prowcin, fiber and ather

nutrsents shich arc usually in short supply in daily dicts {Masha. 1999), They sdd [lave,
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varicis. tastc, color and aesthetic appesl to what will othcnvise be a monotonaus dict The)
are in abundanrce shostly aficr the rainy seasons bul become scarcc during which culivaied
types arc uscd. Leafy vegetables arc among (he easiest to obtatn and grow in the 1ropIcs. hey
arc good sources ot diclary fider, protcin. vitamins A. C. and B.complcx, mmcnls. cspecially
carbohydrates and fats Dark green

ves. Many [cafy vcgetables are

calcium. iron. magnesium. and phosphorus, and ar: low'in
lcaves are usually' more nutritious than lighter or yellowish lea

perennidls and yicld uselul food with a minimum amount of labour.

1.9.1 TELFAIRLS OCCINENTALIS

Telfuiriu accideutalis 15 3 tropical vinc grown m West Affica as a lead” vegelable and fur s

cdible seeds. Common names for the plant include Nuted gourd, Muted punmipkin. iroko. and

oecious. percnninl, and drought-tolerant. I is usually geown trcllised in

ugwu. The plant is di
vegctables in other wropical

Nigenia, Telfuiria of dillerest specics ae also grown us lcal

regions of the wozld including Indis, Bangladesh. Ssi |.anka and the Canbbean, It is also

grown lo some cxlent in South Fast Africa and Lotin Nmerica, Telfairto s clossiticd in the

wribe felifficne of the tamily cucurhitscese and commonl) referred to s Muicd pumpkin
c rich in protein 21 - 37% CP). ash (1.4%6), fa1 (13%)

Tedfainn species have been found to b
ia species are also kown 10 be rich sources of tr0n

and fibre (13%6) (Akoroda. £990). eifr
rable us cookimg oil, The cssential amin o acils conlents

and cssential fauy acids making it dess
Asicgbu. 1987) ondl the high conteni of

compaie {avorably with thosc of imponant legumes (

mincral and visamin nutricnls cspeciatly Fe, Mg aml K. caroienc and vitamin C is remarkible

making the leaves porenyially uselil i foud supplements. Another economic und nutritionol

its clear agronomic superionily vver Ny plant prolcin sources

advuntiye of Telfaena plant 1§
1 and protein. and can be caten w hale, grownd

em), dark red sced is nch m fa
Mans! leafy vegetables are perenniats and yield usclul

gelahles respond favorsbiy o fertile growmg
{fnria poctdeninhs Hool) belongs to the

1he lagge (up1o 3

into powder furas
sinimum amotmt of labor. Leal vc

food with 2 m
conditions high in nitrogen., I‘luted pumpkim (7¢
rcin importance prown across the lovs jand

other kind of soup,

fomaly' cticnrimiacdee and it is crop of comme

5 of Wesl Africa (Nigens. Ghana an
003), howcycr, there is no identitia

humid 1ropic J Sicera Leoue) being the major producen

(Nkang ct o ’
vonctics (FAQ |

imporiant casnponcnt of the dict
) 2005) end for its cdiyle seed

ble information en thic crap in tcrms of

992), is a tsopical vinc grown mamiy for the leaves which consiitiic an

of many people i West Arican counbrics Cild L9RE.

f'agbem 1@
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The young shoots and lcaves of the plaut ase the main pasts uscd m soup. Ihe plant i

dioecious. perenndal and drought tolerant. 1 is usually grown wrellised. 1t needs a well-draincd

woil. some walcr ondsome sun. The vincs will climb up tol.5 meler- The flowers arc whitcand

dask purple. The sex of Aluted pumpkin is difficult o know until aflcr tlowering which 1akes

about -1 months aficr planting. This is a major constraint 10 its poduction, The fcmalc lcaves

arc preferred by the houscwvives and irre thercfore in higher demand (Ajibadc ct al 2000). The

green leaves of flutcd pumpkins gencrally called "ugwad mc well known in Southem Nigeria

because of their pleasan taste. The leavesare rich souree of prolgin, vil vitamms and mincrals

and heal the body, The green leaves sre low in crude liber, qich
vitamms A, C and K ond

tha enhances, nourish, psolcet
source of folic acid. caleium. zinc. pawssium. coball, copper, iron.

uc (Ladcyi ct al 1995; \jibade ct al 2006). Yelative 10 MOsH common
1.adeii ¢t al 1995). lhe

also have medicina! val

vegetiubles, ils prolcin confenl 15 high (Okoli and Mgbeogu 19%3.

leaves and shoot arc consumed as feod. 1hc plant also contain considerable amount ol anti-

nulricnts such as phytic acid. 1annin and saponim which could also have somc hazanJuus healih

asumess (Ladcji c1 al 1995, Ajibade ct al 2068} Puc 10 the sichness ol the

cfTects on its co
o curc aseamia (Ajibade cl al 2006). The sceds are also rich in ol

lcaves in iron il is uscd ¢
t it has very low commercial valuc as an oilsced, bul it is

storage reserves however al prescn
urman and animal food tGiami ct al 1904,

potcitially valuable s 1 high protein pifsced foi

1 al 2003). Thc oily sceds have laciating properlics and are widcly consumed by the

Nkang ¢
aursing mothers (Aiibade ctal 2000).

2.9.2 Scientific Chassifica lion of Telfatela ¢ccidentaliy

Kingdoin: £'lsenac
Division: Magnotiophy 2
Class: Mognoliopsidi
Onlcr: C‘F"\hfnyl(ﬂCS
I“amly: Cucurbi@ccas

Genus: 1¢llaina

Specice: 7 aceich malis

Source: Niyclaja, 2006
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Telforrm accrdemalis ¢ vich in sslphur containing amino acid mcthionine and cy<leine and n

s 2 blood puniicr (Aiyeloja 2006). The moasture, crude protesn. lipid, crude fiber of the
vegetable is 91 9%.].8%. 0 8% and 1.1% respectively while the K. Na. Ca. Mg, Zn. | e " and
Vitamin C1s 2.8, 3.5. @ 5, 3.6. 1.3, 8.0. 0.4 and 1602 (mg/100g) respectivels ( Cboh, 2000)

293 Amino Acid I'ralile of Telfuiria nccidentalis

Amino acid profile {g/16 g N) of vegetablc Ical meats

Aminn acids Telfairla accidentalis
Alanwe 0.51
Aspariic acid 6.21
ATRIINC 5.02
Glycine 610
Glutomic acid 11.01
Histidinc 138
Isoleucine 510
Lysine 2.10
Victhionine 248
Cysicine 1.08
Meth, + Cys. 4.56

| cucine 758
Serinc n
hreaining 381
Phenylatanine 1.85
Valine 6.20
Tyrosing 562
Trypiophan 3.12

Fasuvi. 2006
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29.4 CORCITORUS OLITORLS
archurus olifortus or Jule is nalive lo Afrca where il

of the Sub-Sahara and dri¢r areas ol North Aftica. In Southwest Nigeria. #ts aulritive young

is widcly cuttivated in both wel (CElons

leaves are coolicd into paste and calen W ith starchy staplcs (Akorodas, 1988), 1hese e

between 40 and 100 specics primarily in tropical rcgions1he plant thrives ir sunny spels on
Young Icaves snd shoot tipscan be

n C. lcaves arc shredded

soils rich in organic maticr and with abundan Inoisturc

caten raw- or cooked and contain high fevels of protein and sitami

and madc into a paste, Jute leaves can also be dried. ground into powdes and storcd for use

during the diy scuson. It ts grewn as an annual. though it mu) act as a perennial in sviic

n be planicd at the beginning of the rainy scason and will withstand he hot.

can also withstand somc drought conditions and extremes 1n soil, The K. Na.

Ca. Mg. Zn. Fe. P and Vitamin C is 1,256 0.1%, 0.2%, 0.3%. 0494, 0.9%. 040 ond 2034

2000). The fibers can be used in 1wine, clothand burlap

locations. Il cd

humid months. It

(m/100g) respeclived (Eboh.

| caves contain oxidase and chlorogenic acid, The folic acid coment is suhstantially higher
bles, ca 800 micrograms per 100 g (ca 75% moisture) o
¢ basis.{Chen any! Saad: 1981). Ihe sceds contin 11,3-

1962), eslrogcnic (Sharaf ct al. 1979), hich contains

than that of other folecin-rich segeli
ca 3200 microgeains on a zcro oSt

1.4.8%3 oil ( Wau ond Brch cr-[3randwihk,

1§ 9% palmitic-, 3.7% sicaric-. | 8% behenic-, 1.1% lignocciic=. 9:17% olcic-. 62.5% linolcic-.

and 0.9% linolenic- acids as wellas large portions of B, Mn, Mo, and Zn. Moast of the sulphnr

in herbage is contained in methionine and cystine ithin peotcins. karlicr studies showed

higher production of hydragen sulphide ftom cyst (cdinc than feom iso-5 quanhilics ol

mcthiomnc of inorganic suipbric (Bird. 1972).

&9
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2.9.5 Scicntific Classifiention of Corchurus viftoriny

Domain;
Kingdom
Subkingdom:
Phylum,
Subphylum-
Infraphy lum.
Class:
Subciass
Supicrorder:
Order:
Family
Subfamily
Iribye:
Cicaus

Specific cpithet

Akoroda, 1988

f-ukuryo!a
Plantac
Virtdacplanisc
I[richeophvia
Spermatoplis 1ing
ADR:@sperijac

BDilleniidac

Malvapae
Malvales
Tiliaceuc
Iﬂk’_iégaf
Corchorcac

Corchoros

alitoris |
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able 2.2: Nutricat cuntent of Corchoriey offtorus

Corchorus olitorus Jeaves 100g is reported to contain:

Czlones
Water (H:0)

Protein

Fat

Fotal Carbohydrate
I-iber

Asli

Ca

P

I'e

No

N
Beta-<arotenc
cyuivalent
Ihiamine
Riboflavin

Niucin

Ascarbicacid

7.6-12.4 g
|.7:20¢
24y

266-366 mg
97-122 mg
7.2-7.7 mg

12 mg

44 mg
6.410-7,850pg

0.43:0.15 1y
0.20- 0.53 mg
|.1-1.2 mg
$3-80 mp

Chen and Saud, 1981
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Piste 3. 1:

MATERIALS AND METHOD

A group of Gve (5) mis
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This was an expoimental studs m which an animal modcl (rar) was uscd 1o investikae the

losicity of oy anide and the intervention propestics of wo segeusbles on cX3aide tonieiy

3.1 PURCHASF. OF VEGETABLES
The vegelables were purchascd from an agricultuial faem in Olodo. Ibadan. The vcgetables
were cultivated without fertilizer. They were later idemificd and authenticated b towanesis at

Botany' Depaniment University of Ibadan.

3.2 PROCEDLRE FOR AQLOLS EXTRACITON Ol TISE 1TWO VEGETABLES
(CORC/IORLS OLITORUS AND TELFAIRA OCCIDENT.ALLS)

PROCEDURE

'he vegetable lcaves were picked aml the wet weight (100g) was tken aftcr swhach 700mls of
distilicd water was used 10 blend it. ARer blending, the paste iwds poured in the cloth meshand
wjuce/scd thoroughly 10 bring ovt 1heextract. The volume ofthe catracl was aken usme 3
mcasuging cytinder. This was done for the two vegelables respectively Gloves were wom
through out the proccdure. fo prevent comamination, The cxraels were then taken to the

Intcrnational Institute of I ropical Agriculiure (11T A), thadan, Nigersis for [yophilization

3.2, NQEOUS EXTRACTION Of - uGWwWU TELFAIR] (R TOPNTALIN
Wet Weight of *Ugwu' leaves 100g
Volume of distilled water uscd 200mls
\Volume @fer aqueits € Iscitan = 470:mls
Weight of 1¥ophiliz'ng Ira) . 222 61g
Dry welght of "Ugw u' extracl (Total weight of 1cay and catract weightolersy) €

- (229345 -222.01) 8

6, 705
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3.2.2 AQEOUS EXTRACTION OF*EWEDLU® CORCHORUS OLITORLS

Wel Weight of *liwedu' Ieaves = 100g

Volumec of distilled waler used = 200mls

Volume allcr aqucous calraction = 650mis

\Weiglt ol lyophilizing trry = 222.6g

Dry weight of *fwedu’ exttact = {Total weight ofteay and cxiract - weight ol fiays) §
{236,227 -222.64) 8

£3.587

33 IPROCEDUREFOR LYOPHILIZATION (VREEZL DRYING)
]
trays and wis Jrosen for § hours aller

days, Yhedn weightsol'the

0 mis of cach vcgclable cxlract was dispenscd ¢n

which it was placed in the baich lyophilizcs und lrecse dricd lor 2

vegelobic catracls were taken,

cIrLy OF LYOPHYLIZATION (TREEZE DRYING)
has becn uscd in a number of applicalions for miny ycats. mosl commonty in

sere are hawever many’ other uses for the proccss

3.3.1 PRIN
I'recse dnvang

the food and pharmaceutical industries. Tl
Laleriats such as micrebial cultures, presciv.tion of whole

[ books and olher ilcins damaged by water

including the stabilization of living
for muscum ¢lisplay., restoration o

animal specimens
y of reachion products, Jreeze drying involves the removal

and the concentration and rECOvel
¢ solvents from o frozen product by a process called sublinution |
]

of waicr and olhc

Suhlimgtion eccurs where 3 frozen solid goes directly from solid sle to the gascous sule

withou! passing through the liguid phase (Mellor. 1978) In contsast, drying al amhwel l

temperntufes from the liguid phase usunlly results in changes in the product and may be

suitablc enfy for summc molenials, Llowever
the liqusd phasc and ¢ ollows the preparaion af o
aesthelic in oPPeardNce. Ihe frceze drying Pro<cess consist of 1hree stages ic. fne freesing.

d secondan drying

an (reczc dnying. the natenal docs not g0 through
slahic psroduct that 1y casy 0 Use and

primary dryng an
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L

I're freezing

Since freezing is @ change it siote from the gascous or liguid phitsc 10 the satid phase.

matcrials 10 be frecze dricd must lirst be adequatcly pre fiozen. the nicthod of pre lreczng

and the final temperature of the frozen prociucy can atlect the ability 10 successlully frecse dry

useful in presesving struclures 10 b
\ is more difficull o frecze dry.

¢ chauncls in the nateis during

the matcrial, Rapid cooling results in small icc crystals,
examined microscopically, but resulting in a proiducl [ha

Slowcr cooting results in larger ice ciystals and less restruchy

the drying process. Products frecze in o ways depending on the make up oF the prodiscl, Vhe

majority of the product that is subjectcd to lreeze drying consists prunarily ol sealcs Niost

samplcs that are 1O be ficczc dried are culectics which arc a Inixiurc of substances thet frecrze

at fower tempemiures than the surrounding waler. When the aqueous suspension is coeted.

chunges occur in the sohne concentmtiuns of the producl matrs As cooling proceeds, the

waltcr is scparated from the ulules as §t changes to fcc. crcalillg rnarc conce niraled arcas vl

soluwe. This pocker of cumeentraled muterials, have a tower frccang temperature than the

water. Ahhough a product may appear ta be fiozels because ol aii the sce presenl In actuality.

it is not completely frozen untit il of the solute in the suspension is frazen The mixtre of

\arious conccntrations of salotes. with the solvent conslitules the cutcetics of the suspension.

n is the suspension properly [mzen [his is colled

Only shen oll the cuteclic misture is frozc
importont én frcese drying (o pre frecescthe

sure (Mcllor, 1978). fLisvery
peratusc before beginming the ficcze diysng process. Smalf

producy cxpand and comprise the strucivieal

the culeclic temper
product (o below the cutechic tem

pockel of unlrozcn malerial reingining in the

stobility of the frecse dried hrod ucl

I'rimary Drying
Aler pre freezng the psoduet. conditions must be cstablished in which icc can be rcmoved
via sublimation. resulting in a dry. sructurally imact product. 1

tcinperaturc and Pressure, iy olved in the
a frozen product depends on the

from 1tue froscn product
{u conirol of the two PIRAMElESs.

c e of sublimation of icc from
procuct compared to the vapor pressurc of the e colecior,

1o & lower pressure. SimE vSpOr pressure iy

fequires vSr) COIC
treczc deying Sysicn Th
in v3pOr IHTssure of the
from the higher pressure

s necessany' that the product lcm
1928) It 1« catremely importiant thai the temperaturce at

differcnee
Molecules Migiate

relaicd ta tempemiure, it
) lenperature (Mclior.
freese dnced I8 10lanc
the temyraturc that manimy/

al.

pecature o8 \waomer than the cald Gap

{sce collec
which a produc §s
intcgrity of the proguei and

cd between the lempetalure that maintains the lIvwen
cs the vapor pressure ol the pevd it
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Svcondary Drving :
Afler primary. frecze drying is complele and all icc hos sublimed. bound moisture is sull
prescnt in the product. The prosduct appears &y bt the residuol tnoisture content mu; ;vc as
bugh as 7-8 #e_Con inutd dryving s nccessary al the wanmer iempenature to reduce the residual
moisture conicnl 10 oplimum salues (Mellor, 1978) 'This process is catled [sothennal
Dcsorption as the bound walcr is desorbed, from the product: Secondary drying is nomoil).
cnittnucd al & product leniperatiee higher thon umbicnt bul compa tiblc with the scnsntival} of
the product Al other conditions such as pressurc ond colleclor 1empesature semainn the ame.
Beeouse the process Is desorptive, the vocuum shonld be os low as possible (neo elesaied

pressure) and the collector temperature as col d os can be attomed - Sceondary diving is usually

carrted <ul for approxnna icly. 1/3 10 % the titne requiresl for prunory drymg:

34 PREPARATION OF THESTOCK AND WORKING CONCENTRATION

SOLUTTON:

30 mg of KCN wis dissofved tr 100 mls of distilled W

: 100 ints ol distillcd water 1o make a *
30 my of cach vegetoble exteact was also dissolved in 100 nis ,

1:10 dilu tion 10 giv e 10k before 11 was ke in o reltigerator,

ater and kept in arcfrigerator.

WORK ING CONCLN] RATION:

| misof the KCN stock was dispenscd n %

foil paper and kepl in the refrigersior. This isa 1 in 10 dilution (1:10)

disli ; d l ‘n '0
| Y l\ CALR i “ d m 9 mls 0' dlSll“Cd wler In
Ilnl o C.‘M.h Orlhc CSC “

( 1w i geralor
ditution. shoken and covered with a foil popcr before it was kept in a refng
ilutson, SHOX

als of distilled walcr. shaken and cosered with o

3.5 EXPRIMENTAL AN IMALS
Wistor mnolc s W
(1) positive controf BOUP, in respective c3ges

folt albin cte distributed randomly into" 6 groups Five (3)
Thiny (30) odult 20

cxperimentdl Broups and One

(Plate 3.1)

from the samc liller, Were purchascd from she animal huuse.

ich were
Fhe antimols {cals). which o~ T4c LS @ hich were obained al J swecks ohd I

Depaniment of Physiology, Luiversity 0 | | e
3 he Animal liouse IMRAT, Biode Hwlding, Umisersily ¢
and ttunsfesscd tothe’ .

' ' . . l llets
c’sﬁ "l(} Wit mamia nCd fue four cchy BN tﬂlnlntﬂ.lal nt e
0 Y r “ [
“C[Immtsc ‘(Ql’ fou

. uniil 8 weight MAEC of belugen 160g and 280g was ohtained. | he cages
and ¥ oter 8d- Jibium
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was treated with dettol and sun dricd peciodically. They were fed
rat pellct and water daily. The vegetables had catlicr been cNtrocte

reconstitute with distilled water lo the specilicd concentration befony il was anuintstcred

The geoups were identilicd for experinientationt as follows:

s Group I:-Coniral,
e (roup 2: - Cyanide Onfy
« Croup 3: - Cyanide and Telfairia oceidentals Patract 3mp/Rg body weight cach).

(CN+TOM
Group 4 - Cyonide and Corchoras olftorns Exiroct (3mp/kg body weighi cach).
(CN+CO).
«  Group 5 - Telfario accidentals extrecl 0
Group 6: - Curcliorns olftorns extract only (Imp/ke body weight) (CO only).

nly (3mg/kg bod} weggehty (10 only).

3.6 PROCIEDURE FOR ADMINISTERING KON AND THE VEGETABLLE

ENTRACTS
e ammals were Jed using an adjustd

canular sere labelled to prevent cross contamigation.
¢ with other physical obscrvations befare the tosin (KRCN) and the weatment {the

d Volume of the 1oxIn and the eatracts adminisicred were

blc iwicsopipeiic with plastic lips and = canular (The
thic weight of the mis were 1aken daily

alon

vegelable Extiacls) were administcre
the rets. The ratio of
c was used 1o pick the exiracts. NCN and distilled water

i ' the extract or dislilled w2
bascd on the weight of the loxin 10 cithee the cxtract or Ais I3ed WOler

1. The adjusablc miceapipsil

and dispensed 0 smalt bottles where |

was |
Lis mied thoroughly before tecding it10 rass

fiom the tail and the neek is geipped Witk Uie Iclt hand 2nd turmed

Jhe animals \crc picked
1ail tucked tetween the hollow of the feh hand

with its [imbs hanging up and the
to the throat was sought before the mexturc i aduindtercy

nose discharge and oculze and hasyd

urmardc.

(Plate 3.2). then 2 clear P3ssagec
Physiolpgical parameters 1 G- agikity, e snd fur cofour,

lcsion wete checked imd recorded daily before rentrmcnts

”0
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Plate 32: Reseorchef feedisg the rats
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37POST TREANTMENT HIARVENT
3.7.1 COLLECTION OF BLOOD SAMI'LES

L : apililay lubes
The rats were (asted for 24 hours before the hlood samples wete collccted. Capillun

i «re still alive using the ocular
were used 10 collect blood sanples from the mts while they were still alive vsing h

] I - [ S ri“. c"
i'UﬂCWI’C mclhod {Platc 3.3). e blood sump!cs wire pinccd inside Lnthunn hl.[m Ilfl

¢ they were mmalysed for lives lunclion

i : 31). and Alsnine
cnzymes; Alkuoline Phosphatase (ALP), Asporoie Amino Transfersscs (AST). on |
olume {PCV) uf blood from vach ral *vas also

plasina was aspirmicd into univessal Bottles befor

Amino Teansferases (A1) S he Packed Cell V

cstimatedd
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Plste 3.3: Blood collec
and PCV

for chemical Pathologtical analysis

ted (hrough oculsr Duncture
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lorgans for histopathology

Plate 3.4: Rescarcher briaging out vita

(2
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Plate

0 coliected in conininers €N talning chloroform for histopathology
3.5: Oreaas
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3.7.2 Collcction of 11ssucs

' il i mied
Alter the colle ecrool blood simpes the animals were sacriticed (Mute 3.4). iy wascd

n und the kidney', liver und

scal analysis

out using the Cervical Dislocation method. Fhe carcass was cul op

brain tisSucs were remOver eghne Iplaced inside 1099 Formalin Tor hislupatolog

(I"latc 3.5).

JBTOTAL PROTEIN ANALYSIS USING KIELDANI METHOD
Ihs analysis was catricd aut vn the 1wo vegenable extracts Corchorus aluoras and Telfinro

accgeh ualiy at the lnteemational Instiwte.ol Frapical Agriculture (LITA), ibadan, Nigero
3.8.1 Nitrogens 'hasphorus Dipestion 'ruccdure

Appanautns |
ng 11 ed walcer,
Ilor plag, Psrey conical Hask. volume ric Nask. oven, weighing balence. dJdistibled

sluminiunt blocks, digestion tubes. aulo-anady7cr.

IRcagents
(Sulphuric acid) 11:SO4) sej¢nium
phosphate) Ki 131°0), 1 3O (11y drogen perostde).

powder. (Ammonium tctraoxosulphate) (N1Lp2SO4y,

(Potossium dihydro

Praccdure 10 3.5 g of scleatum

- 1 litre of sulluric acid was added

d h“'&!hfﬁ. |
highy temperaluee un til clear. The sclenium

catedh up @ botplate 6!
Jcid at about 280°€.
was lefl on the hotplate until cool

100 m! volumelric Nask, 4.714 g (N[11)2504 ol

Sclenium/Sulphuric act

; h
po“dcr It was then r\“ff the selemum has diSsOl\cd. the hmp\nlc

i| dissolved imorhe sulfuric
the ¢ entamer
i Solution: To 2

Thcchcmicnls were oven-dried at I0sC !

was wraed offand

: LD Stoc
Niwrogen/Phosphorus wlore weighing and

0.139 g of ¥.1{2P0y was added
nack This solution COMIns 10.000 p
¢ was weighed inta 0 30 m | digessiontube and 1.5
o 5 hlunks swhich was used

pm N and 1000 ppm P
diluted 1oy

Jrv. ground plant 3mpl
i g s 8dded 10 cach 1ube and ¢

n oluminium Mock on a hotplate and heated 31

1) 0200

ml of the H25047¢ nixtuse Wa
1 was then placed n @

| .
for standards e started fuming

- N
approximately 100°C unul the p

66
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3} T he tuhes were remioved (rom the hotplate and allowed to cool for 10 minutes. | mlol

30% 11,02 way carclilly udied to the samples and slundards. Alter the reaction has

subsided an odditional 2mi 11:0; wos sdded.

3) 1t was reptaced on the hotplate and a heavy 15 mil glas
tube and hicated to 330°C. It was Icfl on the hol plate until clear (usually

s viul was ptaced on top ol eath
2 howrs), Fhe

yetlow tint of the samples should disappear as the digest i3 complvied,

1) The samples wese aflowed toconl. To the 5 siandard solutions, 0. 0.200, 0.400. 0.600,

and 0.800 ml of the N/P stock solutlon was sdded, The somples and standards wees

diluted to the 50 m1 mark. ¥acl sample way placed imo the sute: analyzcr cups and the

Nisrogen and Phospharous sas cead onthe auto-anafyzer muchinc.

I'rccantions:
¢ used 10 heat the suiphuric acid’selenium mixuire is mode of sturdy I"yeey plass

1y dangerous.

The contasne
A breakage weuld beestreme
3.9 DATA AND STUATISTICAL ANALYSIS

ical analysis was performed on the
y weight, food and driehan

(analysis of variance) ond student
( when 1™ value is $0.05 10 ascenam the significance

Infesentsal statist Jdata coliccted from the expeririicnl which
nfesentsal salss

mecludes, a daily record of bod
the results of the Sronns, ANGOVA

the differcnge Was tisken 10 be sigmfican

of the intesvention

g water consumption [n compareng
‘t* 1est was epplicd and

6
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CUARPTERFOUR
RESULTS

41 PROTEIN ESTIMATION RESULT FOR Telfairio occidentativ

in Tt w. respectively for the two
Ihe prereentnge of protein ¢n Telfaris acctdentolis were 31)1.96% respectively

samples from the same sounce (Table 4.1),

4.2 PROTEIN ESTIMATION RESULY VOR Corchory  olitorus..

2R% dvely for the wo samples
Ihe percentage ol protein in Carchoris oli1oris \vas 10 28% respectively

froim thic same source (1 ahic -0.2),

68
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‘able .32 Means for averuze water intake in the 6 groups

Average Water Intake (mf)

- GROLI'S N Subsel for olphu = .05
[ a3

Control 14 24.0000 24,0000
CN ONLY B 182143
CN:10 B 17.1000
CN4CO R 18.8286 18.8280
1® ONLY 24,1429 24,1429

25.5714
cooNly W

542 089 579

Prob

L Rmogenpus subscts are displusesl.

roups i "
Means fur Eroups i Sampht Size - "‘000

3 Uses Hlarmuonic Mea

Key: CONTROI Control
CN ONLY « Cyannle only

Cyanude Upwu extract ( Telferiviu oceideniales)

CN+IO
; xlenct G rehorus oltaros)
. ¢ vanide + Lwedu eateaee €
(CNCO \
TQONLY . Ugwu extract oniy
COONLY ~ Ewedu extract only

71
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3 1nlernctive Graph for Average Water Intake

ne to sis for the period of fourteen days wWere

The ayciage waler intake for rats in gZroups © |
25.6+2.8ml wspccuw:ly p<

24.050.0mh 18258 §ml. 171+ 9. 71, 18.8:8 gmnl. 24.1 £34ml,

reduced wates intuke and thnt canibinstion with

' '3y Yhis indicated that cyamde
#.05{Tablc 4.3). 1 s in -

i : .r tloke in
the extsacts did not alleel reduction . Extracis nlonc did not affect water mlake

(Groups S and 6) fed with exicts ondy -

T2
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CONTROL
3000

2700
24 00
21 00
17 09
13.00
908

603

‘Ge.“"lllllllll

CN+CO
30 00

2100

2407

2100

1-"Cl.3
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9 08

Fipure 4.1° The lren

J itk water intake

CN ONLY
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' .
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e
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e
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TO ONLY

for 14 tays in the &
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:I'OU[!S 21 30. 4o 5 lmll 6.

wendent Variuble: Average Water fntode tail)

. . | i ! . |
uble 4.4: Moltiple comparism between the mean water lntake for control proup nne

) : ,:
CONIROL. ~ GROUPS TEST MBAN (ml) 1> VALUE
mcan {nl)

2 (8.214348 8 % 0.05

3 17.100045.7 Pp< 005

74.000044.6 1 18.82R018.9 1> 0.05

5 241120434 > 0 05

h 25.571.142 8 0,08

o
74
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Me 4.5: Means for ayveraie ool intake

Averape Food Intake (8)

Subsel for alphy = 03

n
N | 2
10,1429
Group | CONTROA. 14
N|
Group 2 CN ONLY b
2 3
1.4 206 2443 26.211
CN+10
Gioup 3
26.8429
206 8.1 2
cn+Co i4 268119
Ciroup 1
FO ONLY bl 2642806 26,4286
Group 3 i
30357
4
G 6 co ON' Y j
Toup
108 251
Prob.
! l.
subscts are displayct
. homogenoty sul Je s
Means SoF RrOUD ic Mean Sam e Si7¢ 14
a s

15
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sl hrougr 2.3 4.3 nnd 6.

“ahje 4.6: Comparism hetwees the conteol gron

prndent Fariule [dverogs Food Intake ()

18D
'G5 MTAN tml b vALUL
CONTROI. GROUPS 1581 MEANR (mb)
meun (B)
2001420298 o
2
262143t9.8 o> 0.05
3
311.1429% 9.7 76 £42949.6 o
4
16 4286410 6 AR
3
3035714102 -
b
16
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4 FOOD INVAKE

The average food intuke for rats in groupsone 10 Sin @
36.4+ 10,61t and 3044 10.2g respectivel)
in food intake ftom day onc 10 welve.

re: 31,1 & 9.7, 20, i49.85, 202 ¢ 9. 8g,

(p >0,09) (Tadle 4.5). ln group ane.

206.819.6¢,
thepe Was @ gencra) incrense

1.4.1 Inleracine Graph for Averge Fuud Intuke

i in fuod o <ven 1o ning. da
An increasc i fdoy intnke WAS obsen y sven 10 )

cd hetween day one and we, do

three, four, tive, SIX. tcn, thiricen

food intakic on days

shar veductionn in
Jn increase in juod intak

elevento Welve ind

on duvs one.
group Wwo. In frauh three, B e
cleven, Wekve and thirice

was an Increase n

there Was

you, Hidake 0N

and foutteen N
o with shorp reduction 11 s

W™ 0. four, Scven. ninc, en, .
y wo, five,

¢ and thirtcen. there
while a reduction Wa

food intakc ¥ da
day fous, 3N ninc and

1w 10 day

days three, five, cigh
s ohserved on

cin foad iniske liomn day
|here was o steady

d ‘welve
p 5, there wvos @ steady increas

n on doy four and 00 increase on
len

cight, len, cleven W0
thirteen in roup 4. in Erou
three With a sharp rcductio

sc from day six 10 doy ni

fay Yive
3 0 lood IMtake Was

; reduction on do A reduchon in
inceca ne with a lion )
Whiricen (Figure4:2)

obscrved ffom day eleven 10 day

1here

six 10 da

] - < o dn
way 0 steady InCrease i1 food intake from cay on¢ 1o day live witho reductjon- from 42y

i < NI [ thiric
fromday ntne 10 day Inchve and an increase from day thiftcen

y cight and an incsease

1o founieen inBroup of Sin

INTAKE BEFWEEN GROUPS

Or AVERAGE 1 OON
pare Avenige Food lmade, the

JURS COMPARISM

N $8MUL
tpnilicant

Using the ¥ esher’

<« L.egat S Diftcrence (1.501) o TOm

~ladns
Following fesults We obained

15,1 AVERAGE FOOD INTAKE (AFD)
nout*! (CONTROL) wititGrour* 2 (CNONLY)R)
& (TO ONLY) AND #(CO ONLY)

food 1Make betwoen groul 1 &
the <ontrol W8 signiticarly greales

452 COMPARING G
$ (CN+C0).
nces n sverpbe

(CN+TOM d2was 14008 p<

j | The Mean differe .
J ntake N

hot the B¥CraBe foo
Jucctd appetite {1.ahic 1.0)

0.0$ indienting !
3 and that cyamde €

that uf group =
‘ i vCrage food intake OSlween group } 80

3
mesn dilference i1
The s he AT in the comob was aut signiticantly |

d3Iwas d93np -~

: ‘sealce than tal of
nNs ind Caln

n
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group 3 and that Telfuiri accideniolis annulled the reduction cllecis af cyamde on

fuod intake.

3. 'Fhe imcan dilference n Al'l betwe

en group 1and -+ was 4.30 a1 p> 005 indicating thit
Ihere was no signilicant diflerence in Tood intake between proup 1 and and 1hat

tive cllccts ob cyanide on fowod intahe,
coup 1 and 5 was 4 71 &t p > 0.05 a0 i

food intake betwecn the two proups.
at p > 0053 indicaing

Carcharuy ofiterts annulied the reduc
dicaung

1 The mean diffesence in AFL hetwedn g

(ot there wos no signilicant diflerence in
n Group | and & wos 0.79

§. 1he mean diffecence in ALl betwee
oc in foul sntake bedrecn proup land 6.

thot there was no significant dilTeren

78
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néo
1360
.09

zmlnilo!llg.

CONTROL CN ONLY CN+TO

iilllllll..lll

cO ONLY
CN+CO TO ONLY

3700
i
i
28

2 m

mio

Fig 4.2: Graph showing t

o
- e
. L]
- e
: ()
: [}
r ()
3 °
N e
r [}
! ]
- °
2 e
X (]
h e
) o
. e
3 o
. o
; o
" ()
. e
: o
» L]
y o
: (]
. e
(]

he trend in fooil intake for 14days in the 6 groups.
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I r

e 4.8: Shows comparism between the Contral and gruups 2, 3, 4, Suml 6.

ependent Variable: Average Body Weight (g)

1)

——

. i \r:\l.U ¢
CONTROL GROLS TEST MEAN (8)
mcan (§)
j 005
2 188.42863 15.9
"< 005
} 196,57141349
23885712304 .
K| 31571432192
P> 0.05
- 231.1429£384
<005
6 19328574212
8)
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BODY WEIGHTY

T weight ol the 1ats were wkien and recorded daily afier which the mean weight/ duy was

calculawed.
he wicast weights or rals an groups one 1 dix were 218 9130 4g, IBK. 41598, DIXTRERI™

215,710 2¢, 231.01T0Ag and 223.31212¢ (p<00S) respeciively (Thle A7) while the
001078, 003354, 3.0

ncml decline i the hady

Jght uf Mty in proups

pverage weight change for groups one to sy were 24.0 1 47.0p.

10,58 3.3010.3g and 1204204y respeciely thus indicating o Be
out snd a general Increise In body we

weight o8 Tats In groupsles ond [
steady reduction in body weight, {1ig 43,

one. tive and sin In group 2 thore wasa

160 AVERAGE BODY W PG (AW

1.0.2  COMPARING GROUT HCONTROL) W GROUP 200N ONEY),

JON+ TO)HONE C0O), $(TO ONLY) AND 6{CO ONLY)

difterence in ABW between group L(Contro!) any group N only) was

| 1hemecan
Merence etseen gioup | and 2 and

50 43 at p<0.05 indicating great signlficam df

(hat sheie was loss of body welght as o resull of £3anide
ABAW between proup | and group I was 4229 atp * vus

4y weight between group | and 3 2wl thin
welght was slighily reduced hy Telfairia

s 1he mean difference in

indicating 2 signiticant dilference i v

the reduction €lfect ol cysnide on body

ucc ik nials,
2304 arp < 005

n AW between Srovp | and group 4 was

1. The mean dil¥erence ¥
canm difference 10 bady weight besween Erouh | and 4 xod tas the

indicaning 8 Sigmit
wejgin was significamly reduced by Corchurn

reduc tion € Tact of cyanide on bod)

wlitprue (1able 1.8)
3 The meai ditlerence in AI3W betwee

indicating that thete Was no significon
¢ The mean differeree 9 Al brtween RIOVp L ond 6 was 1551 e

bhodv weight between BTVT land b

ngmuplludg@p&%h??lltp--oo.*

( difference m body weighy between Rroup lend $
0 0% nd<aig &

vignificant dilferctice n
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CONTROL CN ONLY CN+ TO

25000 .
23000 . .
21000 . .
160 00 . .

r

lllll.lllllll
llllllllllll.l

‘llll’llllllll

CN+CO TO ONLY CO ONLY
250 90 )
230. ) C
21000 )
1ww . ] s 0 ¢ 0 1 0 1 4 (]
(il ) | (L g lond g1 ¢« 0 ¢
R e kL S AfAD4 1234587 8510N234
P aginANs 1234507881
b4 Sﬂoay Day Day

body ™ eizhl for 14 days in the 6 groups.

Fig 4.3: Trend jmorecege

B
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fe 4.9: Pereceatage witk aad without ocular tesion in the 6 gruups.

Crosstab
r - - Ocular Lesion =
GROUPS A P Total
Count 70 70
CONTROL o within Group ~ 100.0% 100.0%
Count 23 47 70
CRONLY o (ithinGrowp ~ 32.9%  67.4% 10003 |
Count S8 12 70
CN+TO % within Group §2.9% 17.1%  100.0%
Count 30 20 70
CHA® 9% within Group 7Na%  2Wo%  100% .
Count 69 : n
1O ONLY ¢ within Group 98.6% LIS 100% ‘
Count 70 n
COONLY oy (ithif Citoup 100.0% 100.0%
Tutol Count 340 80 420 |
%% Gioup 8§ 0% 19.0%  1000%

Key: A - Abscnt
- Present
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Ocutnr Loesion

and six (CO only). [n gioup

RLUNT
va (ON anld), 672.0% ol raty have agulpr leslon {Plate 1.1) while 17,19, 28.0% and |48 0

rats in EBroups three (CN+ T0), four tCNy CO) and five (RO only) hove ocutur lesinn

\ere was n0 visiblc slyn of ocutiar leslun in grouhs one tContrel)

respectively p<0.0S (Table 4.9).

‘ . b (X1 i'
fhowas atmas campleely reversed by treatiment wil

Cranide causcd oculae leston whic
. tlse effects ta a

Teltairtc ovclidentula ond on co. renest € urehorns olitors abso wneliorated

sipnificant proportion. (Fig 449)

[
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0 —
CONTROL CNONLY  CN+TO

P- Preseat
read in ocular lesion im the six groaps

: Hisiogram showing (he
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Piase 4.1: A rag with ocslar lesion Ia Eroup 2 (CN ONLY)
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J

! hle 4 102 Percentuges shih wnbwhthoul nasal leslon bn tie & 2eoups

Crossiab)
Nissal Lasion
GROUPS A L -
Lownt 10 e
CONTROL I Wt 100 M
a2 ) 27 M
UNONLY - it o1 A% Wwaty V0o
= 5 T 14 )]
(N O b AR 15 6% EFRLTS 4%
& $3 17 o
U’ N 74 793 2% T E g
( ouni w0 ' e
1O ONLY o within Uroup 100 (A 14 1% 1K
- ) »
COONLY e =g 100.4% § N0
Total ( cunt o -
- 34 (P o0 %
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1%

15

10

CONTROL

. P- Preses’

3

Fig 4.5: Hintog ™

CN+TO '€, IS € TO ONLY

O ONLY

: mmtndlllﬂlm
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L -

GRORE

CONITROL

CN ONLY

UNATO

N0

1O ONLY

COONLY

Ton2!

Crosstaly

(Covm
% within Citvup
Caum
%e nollin {etomp
Count
o wihin Carup
Count
%2 within Giroup
Count
oy within (xuwp
Connd

9, within Group

Courd

a4 w ithin (rowp

Table L 11 Perventages with "rwjmm uinaul slistiinege inthe b aiuitll'oi

Nasal s lurge

A

n
)t
0
71 .1%
70
FO0.0%%

s

70,

100 0%

L O

) o

Qo 4%

)

.0

In

2 P

14

¥

Tol

70
100.0%s
Fal
1ML
70
107
0

100 0%
n

106 %

| 0 0%

120

|y P,

KTV A Absent P- Presest

«
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L.
9 Nasal Discharge

o stimy discharge (Fig 4.6) was found in groups one. three. five and six while 28.6% and

'tyanidc caused nasal discharge which svas completcl)’ stopped on-co- treatment with Telfairsa
occudentolis. Corchorus olions also reduced the nasal discharge sipmificantly’ on co-

treatment with cyanide.

0}
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22.9% of rats in groups twe and fous had nosal discharge respectively p<0.05¢Tablc 411}



15 1|
_—J_-JP
e =5
5 |
— R e
0 S e

] i iz grov
4.6: Histogra™ showlng the trend of Nasal Discharge in the six grovps
Fig 4.6:

KEY:

NS. Not Slimy
S- Slimy
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able 4.12: Shews the Organ Weinht Ratio for liser

GROUPS  AVERAGE ORGAN  AVERAGE BODY ORGAN
‘- WEIGHT (LIVER) (g) WEIGHT (g) WEIGHT RATIOIOM R)
] 1.82 21,01 238.862 304 0.620
2 5.0 540.56 188.43415.9 0.027
3 4.9940,60 196,574 3:4.9 0.025
i 5.1240.56 215714192 0.023
5 4.79:0.76 23114384 0023
6 4.6840.62 223294242 0.021
+ ORGAN WEIGHT RATIO = AVI:RAGE ORGANWHCIL

\VERAGE BODY WEIGHT

5
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4.10 LIVER WEIGHTS AND CALCULATIONS FOR ORGAN WEIGH T
RATIO (OWR)

_The mean lives weight ofrats in group [ was 4.8221.01 with an OWR {Table
4.2) of 0.020.

The mean liver weight of tats in proup 2 was 5.15 + 0.56 withan OWR ol 0:027
The mcean liscr weight or rats in group 3 wasd 99 0,60 withan OW R o 0.025°
The mean liser weight ol rats in group 4 was $.134 0.56 with an OMR 0f0.023°
The mean liver weight of /s in group 5 was 4.794 0.76 withan OW R of 0.021

~ The mean liser weight of rns in group 6 was 4 .68 20:62 with an OW Rof 0,021

A A b

: il ag .
CN caysed enlargement of the liver though withno significant difference beiwcen the group

G
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able 4.13: Averige organ (Kidney) weight and organ weight ratio for the 6 proups

. C— i emi—

GROUPS AVERAGE ORGAN AVIRAGE BODY ORGAN WIICHT

WEIGIIT {(KIDNEY) (8) WEIGHT (g) RATIO

(OWR)

1 1.§520.20 235.86230.4 0.0048
2 1.2720.15 188.43:159 0.0067
3 1.2720.11 196.57234.9 0 006+
4 1.10£0.10 215.71%19.2 0.0051
5 1.11£0.07 231 J.4£38.4 g.:z;f
0 1.§740.14 223.29:242 0052

AVERAG: ORGAN WLIGH In

+ORGAN WEIGHT RATIO ™ R
AVIRAGE BODY W EIGHT

97
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TLRIDNEY WEIGIES AND CALCULATIONS FOR ORGAR WEIGIHT RATIO

1, Ihe mean Kidney weight of'rats In gsoup Iwas 1154 8.20 { 1able *+-13) with an organ
weighy ratio (OWR} of 0 0048,

b Jd

Ahe mean Kidney sweight of sats in geousp 2 was 1271 015 with an organ uc;ghl ralio
(OWR) of 0.0067. :
Vi mean Yidney weiht of rats in group 3 was 1.274 0.1 with an organ weight atit
(OWR} 01 0.0004, -1
c &

1 The mean kidney weight ot eals ingroup 4 was |10 ¢ 0.10 whb an organ wtignt 3

(OWR) of 0.00S1. | X
5 The mcan Xidney weight ol rals in proup § was 1.11+ 0.07 {Table 4. 28

weight ratio (OWR) ol 001K . : e
6. The mean Kidney weight of sats-in group 6 was 1,17 +0 14 with an organ weigh
(OWR) of 0.0052.

lod

o
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with group 2.3, 4. Sand 6

le 4.14: Show comparism between the mean kidaey weight for group 1 '(cun"l'rol:l-"

 CONTROL GROUPS TEST MEAN
Mcan (g) (£}

2 1.2740.t5

1.1540.20 3 1274011
4 §.1020.10

5 L. 112007
6 117 40,14

P- VALUL

P> 0.05

P> 0.05

1*>0.05

1>0.05

P> 0.05

o
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thiv 4052 Show average organ (healn) welght aned orgaa welghi ratio for the Gzrosps

GROUPS AVERAGY OROGAN AVERAGI DODY ORGAN WEIGL

WIAGHT (ARAIN) (@ WEIGHT () 4%\\, J:((:
| 1.6410,1) 238 86+ 301 0.064:8
2 1.7330.08 [88.43£15.9 0.0091
3 1.560 31 196 574349 0.007¢
3 1.75¢0,11 215712112 0.0081
3 1494032 277 142384 0 0065
b 1581029 223.204242 0.0071
KLY
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312 BRAIN WEIGHTS AND CALCULATIONS FOR ORGAN WEIGHT RAT10

1. The mean organ (brain) weight of mis in group Iwas 1.64% 0:13 with an organ weighl
rati0 (OWR) of 0.006% (‘1'able 4. §5).
: . : bt
3 The mean ofzan (brain) weight of /15 in group Zwits |73 20,08 with an organ Weigh
ratio (OWR) of 0.0091- %
) 1
3. The mcan organ {brain) weight of rats in group 3was §.56 £0.31w ith an wigan wcl
ratio (O\WR) of 0.0079.
4. The mean organ (brain) weight of rats in group b was 1.75¢ 0.
ratio (OWR) of 0,008
$. Thc mean organ (brain) wcight of rats in group $
ratio(OWR) of 1.0065.
6. The mcan organ (brain) weight of ral

ratio (OWR) ol 0.0071.

| | with an organ “eétgnl
was 1.49 £0.32 with en orgdn weipght

s in proup 6 was 1.58 £0.29 withun organ ™ cigh

1121 MEANBRAIN WEIGHT N
(CONTROL.) Wi GROUPS 2(CN ONLY),

“GMP ARING GROUP it
N, ; AND §(CO ONLY).

J(CN+1LD), Hoes + €Ol S0 ONLN)

5 “.‘d \\ .' il S ¥ ] F , I" ; ‘h.! ‘: l

thosc of groups 2. 3. 4 n weight of rts in group i when

B ' mean hrat
| that here was NO signillcunt diftenence n the

.Sand 6.
‘ comparcd with those of gioups & 3.4

101
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alle 4.16; Show the mean concentrativa for ALT. ALP, AST and PCV in Froup!

wbd

—

Group1  CROU¥2  GROUP3  GROUPH
ncenlcation
/L)
ALT 36442375 46412569 298+20.
\ELP 50 G 17.42 106214005 27622454 57.0:25.87
Al e -7
AST 3264244 123.2432.62 27,6424 54

2.

PCY J12:306 7164185 67243.60 7282 210

GROLP 5

10.4£32,73

72 62149

GROUP 6

57.6:1836 4i8124.53 3.4.8+23.82

16.2420.85

6% 6538.69 30.6:50.78 46.8+13 48

60:6% |.85

em——

= Njanin¢ Tiansa™inase
- Alkaling Pho«!anus?
Aspartatc TranspMinase

REY: ALT
ALPS
AST =

102
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RESULT FROM BIOCHEMICAL ANALYSES FOR LIVER FUNCITON
ENZYMES

The mean concentratton (or AL’ for rats in groups one to iy arc 36.44 23'75, 463 :
25.69.29.8+20 4. 57.6+ 18.36. 41.8+24.53 and 34,8+23:82 respectively ( Iable 4.16)°

The mcan concenlyation for ALP in groups onc to six are 29,6+ 17.42, 1062+:10.05. 27.61
21.34. 37.0£ 25.87. 40.-4£ 32.73 any 4 6.2£ 20.85 respectively { fable ) E6):

The mcan concentration for AST for rals in groups onc to siv are 32.6£2:0.1. 1237243262
27.6£2.1.54. 68.6,38.69 30.6:10.78.and 16.8+§3 48 respeclively { Toble 9.16),

in groups one o six are 71.24306, 71 62 |.85. 67.2+3.60,

Iy (Table 4/16).

The mcan conccntraiion {or pCyV
72.8: 240, 72.641 49 and 66.6% 1,85 resprecting

103
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4.17: Show eomparism between the meaa AL for grou p | with geoup LI N
6

CONTROL GROUPS TEST MEAN - VALUE
Mean UL U/L

2 4642 25.69 P> 005
3 2984204 P> 0.05
36 4 23.75 A 57.6418.36 (> UGS
: 11 812453 e
6 14,8423.82 P> 0.05
|04
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$.13.1 ALANINE TRANSAMINASE (ALT)
MEAN ALT (mean ALT)

1.13.2 COMPARING GROUP 1 (CONTROL) WITH GROUPS 2(CN ON)A S,
J(CN+TO). 4(CN + CO). S(TO ONL.Y) AND 6{CO ONLY),

i 27
The mean diticrence in the mean AL T concenlsalion beivwcen Eroups 1 and 2was-100 £ 2. 1¢

al p< 0.05 indicating thut there wis a signilicant dilference (n the mcan ALT concentration

between the 2groups (Tahle 4:17)

The mean dilference in the mean ALT concentration between groups | and 3 was 6.6 +0.08 at
p> 0.05 indicating thal there was no significant diffesence i the mcan Al.T concentration

between the 2groups (Table . 17)

d s | - 31.216.02
The mean dillerence in the mcan AL concentration between groups | and 4 wiss 1.2

!

between the 2groups (1 able 4.17)

' '5 “ 1'0.88
h diffeccnce s the mean AL conce ntrotion Devween groups | anil 5 wos
¢ mcan : ‘ |

between the 2groups.

; ] . st and 6 was 1.6 0.1 at
diffesence in the meun Al concenTiion becen kroups |
The mcan difiefencc : -

g, : in ALT concentration
0 dicati than there was no s|gn|!|cam Y lcEHce 40 s
p> 0.05 indcating tHat =

between the 2groups

J0S
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¢ 4.18: Show comparism between the mean ALP for graup | withgroup 2. 3. 4 g
.

o -
Mean U/L MEAN
UL
2 P> 0.05
i 106, 2:40.05
P> 0.05
3 37.6424.54
"> 0.05
8 57.0£25.87
39,6+ 17.42 =
S J0AE32T3
§ 16.2220.85 P> 0.05
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ble 4.19: Show comparism between the mean ALIP for group 2with group 3 und 3

GROUP 2 GROUIS TEST MEAN  MEAN : P VALLE
(CNONLY) UL DIFFERENCE
~ Mean UA,
P> 005

27.6£24.54 786

W

10624.40.05

57.0:25.87 49.2 P> 0.05
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¢ 4.20: Shows comparism between the mean ALP for group 3 with group $ el 6

crour 3 GROUPS TEST MEAN - VALLUE
(CN+ EE) v,
Mean U/L

5 404£32.73 ™ 003

27.6424.54

6 46.2220.85 1»> 0,05

108
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c b2l Show comparism between the mean ALDP for aroup with group Sa mfa

_ﬂf‘

. . VALUE
GROUPS TEST MEAN S,
UL
> .05
) 10432.73 |
§7.0125.87 I>0.05
16.2420.85
6
R =,

o9
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F

404 ALKALINE PHOSPIIATASE (AL

l MEAN ALP (niean ALP)

A1-LT COMP ARING THE MEAN GROUP | (CONTROL) WITHH GROUPS 2CN
ONLY), 3(CN+ TO), 4(CN + CO). S(TO ONLY) AND 6(CO ONLNY

LP concentration belween groups | and 2 was -76.6 253

T he mean difference n the mean A
ant difTerence in the mean AlP conccntration

at p> 0.05 indicating that there was no signific

between the 2 groups {Tablc 4.18).

cnlralion belween proups 1 ant) 3 was 2.0 965 ot

1he mean difterence in the mean ALP cone
difTercnce in the mean AP concentran 0N

p> 0.05 indicating that there wvas no significant

between the 2 groups (Tahle 4 18).
) and 4 wos -27.4 39.45

concentrotion Beliwecn Eroups
AL conccniration

‘Ihe mean difference i the mean ALP
Jdifference in the mean

a1 p> 0.05 indicaling that there was no significant

between the 2 proups.

1ration belveen BrOUPS { and 5 was -10.8 #1721 }

P eoncer
n the mean ALP

l Thie mean dilference in the mean Al
o4 4 R Jhl!
m por 0.05 indicating thav there e no significsnt diference | concenlsanon

between Lthe 2 Broups ¢

between Broups | aml 6:3as -16.6 £3.43

'he mean ALY concentrasion
I" concenleation

The ncan Jilference 1 &

at p> 0.05 indicsting thay ther
1.18)

¢ Was no sigmiticont Jifference in the mean Al

betwcen the 2 Broups (Table

110
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142 COMPARING GROUP 2(CN ONLY) WITIE GROUPS WCNFTO) AND

H{CN + CO).

¢ mean difference in the mean ALP concentratlon between groups =
in the meon ALI® concentration

1 and 3 was 78.6 £15. 6S

} . .-
mp>005 indicating that there was no significant diflerence

“betwcen the 2 groups (Table 4.19).

nce in the mean ALP concentration bitween grotps = 3 and 4 was 49,24 13,85

‘The mean differt
in the mean ALP concentralion

al p> 0.05 indicating that there was no significant difTerence 1

between the 2 groups (Table 4. 19).

ROUPS S(T0 ONLY) A ND 6(C O ONLY).

4.14.3 COMYP! ARING 3(CN+ TO)WITILL Gl
-12.8:7.40

alrstion between groups 3 and § was

The mean diflerence in the mecan ALP conce
in the nicon AL concentration

a1 p>- 0.05 indicasiug that there was no Sifnificant diflerence

between the 2 groups (Table 4.20).

| concenteatlon between Sroups 3 ond G was -186 23.82

The mean dillcience in the mean Al
ditTerence in the mcan ALl concenleation

a1 p> 0.05 indicating that there WS no

betucen the2 £roups (lablc 4.20).

significast

1.04.4 COMPARING GROUP $CN + CO)WITILGROUES S{10 ON1N) AND

4 (CO ONLY)
| chtrauon between Broups - A ond § was 10 6 +7.066

The mean dilfcrence in the Incan ALD conc
in the Mcam AL concenicanion

al p> 0.05 andecating
5 groups (Table 4 1.2}

{hnt thefe was O significant dillerence

between the 2
groups 4 and 6 was 10.8 £5.62

| ¢cangchtration between
n the mcan AL l? concentration

he mean Al

The Mecan diiTerence n
ac no Significant difference |

(ing that there W

a1 p> 0.05 indica
4.21)

betwecn the 2 Broups {Tablc
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le .22 Shaw compnrisin hetween the mean AST Gy gronp 1 with groud 2 3, 4. 8
b

v1 l" \fl‘l#l”':
CONTROL, GROUPS 'ﬂ{.‘:‘l | _
Mewn VUL MIUAN

e )= 0.05

: 1n).2420.28
195 .08

’ 27.0224,84
o622 > .05

: 6R.0238.0Y
> LOS

d 30.6+10.7H
1*> 0.08

- $0.5013.48

11
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¢ 4.23° Showy caonpirism hetween the men AST far grou p 2 with grvup J and ]

— ﬂ—
§ ?
GROUP 2 GROUDS TEST MEAN . VALUE.
€N ONLY) AL
Mceon LT
3 380442 Hedl0s
e 0,08
63,2420.25
4 S 41844
na
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able 1.24: Shaw comparisin hediweea the ean ASY for proup 3 with group 5 aml b

GROULIS
(CN+ 1y
Mean UL

’1?*&1415"‘

GROUPS
5
b

—— e #
TEST MEAN I VALUE
V.
.62 10,78 P> 11,08
10.8£13.90 1 0.5
|14
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e 4,250 Spos comparism hetwees e mean AST for prong 4 with group $ and 6

L VALUE
GROLT GROUPS TEST MEAN - VALUL
(UN+ €O uA.
Meapn UL
63.6£35.69 o Gl 0.7N P> 6.8
g
6 Jo.4+13.40 "> ().8!
1
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15 ASPARTATI VRANSAMINASIE {AST)

‘ o v *
4150 COMPARING GROUF | (CONTROL) WITI1 GROUNS (€N ONIA),
JON+TO), HON 4 COY, SCTO ONLY) AND 6lCO UNEY)

e mean difference in the menn AST concenttation between groups | md 2 wius 3061405

at p<0.05 indicating 1hat there wae a significant difference in the mean AS1 concentration

between Lhe 2 groups (Tahie 4.22).

centration between groups | imd 3 was 5.0 1 i2al

1he mean dillerenee inthe mean AN con
A¥T cancenlsatlon

p> 0.0% indicating Mt there was no signiflownt dillerence in the Jncan

helween the 2 groups { Tuhte i, 22).

iean AS T conceniratlon heiween groups 1 zad 1 was -Jo0 159

{he mean ditlerence in the n
n the mean ASI concentratlen

| there was no significant diflerence |

a1 p> 0.05 Indicating tha

between the 2 groups (1 able4.22)

betw ecn Broups | and § way 2.0 £15.27

thc mean AN concenirian

nee in the tnean AS1 concemrdon

The mean diflerc
significam difference in

a1 p> 0.05 indicating that tlhere was no

beiween the 2 SLOups.
n Groups | and owas-142 21225

g T conccaiftion bciwee
¢ in the mecan AS ) condonitral 00

The mean difference in the
hege \Was no significon! differei

at po 0.05 indicoung that ¢

between the 2 groups (Table 22)

1h
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5.2 COMPARING GROUP 2(CN ONLY) WITTHGROUPS JCN+ T0) AND JION ¢
n.

1 i | v . 2
ve mean difference in the mean AST enncenintion between groups 2 an 43 wits 38,6 1429

at pe 0.05 indicating that there wiss a significant Jriference in the meon AST concemiaion

between the 2 groups (Table 1.23).

The mean dilference in the n.mn AST cemeentration between groups 2 and J was . 5.4.04 1804

at p< 0.05 meleating that there was n slygnificant diflesence in the mean AST concentmtion

betsseen the 2 groups (Tahle 4.23}

- B 3N AN 0
4,153 COMPARING GROUP JICN+ 10) Wi GROUPS $(TO ONLY) AND of

ONLY).

heiween gioups 3 and 5 was-3.0 41818

' > cniration
| nce in the mean AST conk
i n the mcan ASI concentration

ay p> 008 indicaring that there was no signiflcam ditfference !

between the 2 proups (fable 4.2.0)

19321236
AST conceatration delween groups 3 ond 6was-19.22123

The mean diffcrence in the mican « mean AST concenration

rc Was N0 <ignificam Gffcrence 0 th

a1 p> 0,05 ndicaling that the
betwcen the 2 groups (Toble 4.21).

vt CROUPS S (TOONEY) AND
COMp ARING GROUP ACN + €0) WITH GROWPS S €T
4-‘5.‘ -. ’-\ PI N YV Y

6 (CO ONIY)

; 9
AST concanyation between Bfoups -$ And S way 380 #3132

kst nee in the Mcan AN concenirathkon

dilTeccsce int the N |
The mean e s 1O significant ditlac

a p> 005 indicaung tha the

brtween e 2 W(Tnbk 42

The mean differonce 1D v
<

a ¢ 0.05 indicating ths! thot W4

betnecen 1 he 2 ZrOgrS (Tabie 4.29)

significant dilfaem € [N
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4.26: Shaw cemparism betwees the mean POV for group | with group 2. 5. 4.5

y TEST MEAN © VALLUR
CONTROL JROUPS FEST MEAN oV
Mcean UL UL,
3
2 71.641.85 P> 6.0
2 243,60 1> 0.08
3 243,
1 7282 2.40 1> 0.05
71.253.06
< 72,641.49 P> 0.05
6 66.62 155 1> 0.05

VIR
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LT FROM CIE PACKED CELL YRLUME (P0V) ANALY S8 SIEaN POV

| COMPARING  GROUE L {CONTRDEY CHULPS 20N OV
TOR REN U MTO ONLY I AND 8ECOQ ONEYS

woan difference i the mens VY Goncentration hetwesn groups | ol 2w 00 01 M8
308 idicating hat Usere was Ao significant difTirence in the wgun PCY Gimaaniiasion
the I groups ( Yable 4.28)

menn difference @ e et (U Goneenication uwoen grops ¢ asl § e 4.0 1084 &

*““ i ating that there mﬂiﬂﬁuﬁiﬁuﬂnﬂ_'-ﬁi -l

e——— e R

\'Mmhﬂvﬂ”isﬂ1‘-~

the mgan Pl
Th srcan Dilgrymay W T

o A maq“ﬁﬂtwmmhﬂﬁmﬁm-
mmti-;'ghqnil.lnhtrh

TEIR . E
‘mwiﬂli-
mﬂ\-u‘lﬁm

Ihe mean Jiffgrence in the e 2V quin |

-‘Mﬂ.ﬂ:nﬂlﬂ"lﬂm““

i e
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LATHISTOPATHPLOGICAL ANALYSIS RESULT

The eatss three B nuinher wese picked randomiy tor lliilnpn!(nlngicnl urlaly sis, Qualitstive dalo
on histopatclogical wmalysls indicated sl cyanide cauved Jight degenceaion of (he
hepalocytes of the livers, necrosis of the liver and slight congestion of the kidney, These
symploms were absent with the groups ireated wilth crude water exiracts ol the vegetales
along with Potassium Cyontde {KCNY Howeser there was evidence of congesnon of hlood
vessels i1 both the Tiver and the Kidney of the groups ( Table 4.27). Lhe geoupy treated with the

vegetables atone showed lintte or no ohservahle histopathology respectively.

Ihe result from the analysis of the brain, liver and Kidney are as follow:

1
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Tablc 4.27: Shows level of damage in the braia, liver any Kitkney in all the 6 groups

——

RESULT FROM HISTOPATII®LOGY ANALYSIS

LIVER KIDNEY BRALN
RAY
Bl No visible lesion Congestion of blood vessels  No visible lesion
crour M1 Nouisible lesion Necrosis of1sbular No visible lesion
| cpithelial cells
1 Novisible lesion Mildcongestion No visitile lesion

112 Slight dcgencration ofthe Slight congestion No visiblc fesion

hepalocytes of the liver

' i OF No visible lesion
GROUP E2  Mulifocal degencration Slight congestion
) and necrosis ol the liver
with loss of hepatic cords
ot'the liver : :
; Mild kidncy COREEMIOR Congestien of
12 No visible lesion 2,

[ blopd Congestion of blood vessels  No visible [esion
3  Congesiton 01010

vessels, aiild poriad

otic infiltgation
lymplioc¥tic

‘ ) L
GROLY e Cangestion ofblood\c-“ds Slight congestion ol
. nirip!00V bjood vesscls
3 !;3 rOCuLcc
hepatic necro$is

Loss of tubules cpitbetial No visihle lesion

- hent-Tlepdlic »
ns  Focot e and Nccsosit cells of the proxmal tubules
dcgcncwﬂon

= CRible kit
Porigl-IyM ylic Gongestion of the hlaod o Vbl letio
gy  intlration
121
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GROLUI
4

CROUP
5

Group
b

Ed

)

(X1

(${¢

HO

Congestion of bloog
vessels

Multilocal

hepatic necrosis

Congestion of the brain

Mild hcpatic necrosis

No visible Iesion

No visible lesion

No visible lesion

t lepatic Portal AeCros!S

and 1y mphatic 10 iliifons

viessels

No visible besion No visibfe lesion

Congestion of blood vess2ls  Rlpod vesscls

congeslon

Congestion of blood vessels  Central and portat

neCrosis

No visible lesien Yacuolation and
degeneration of
twbolar cpithelial
cells

NO vidbic icsion No visibic lesion

| 0ss of Wwbulor cpithehal No visible lesion

celis of the proxiinn] ubuics

Congestion of the Kidney No visible lesion

No visiblc besion Noisible lesion

12
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CHAPTERFIVE

DISCUSSION

Cyonidc poisoning cspecially from cortsin Jicts Wit deen implicaled i outbreaky of
neurological discases, One fonn of cyanide -relaicd discase is a slowly' developing atanic
my cloncuropathy’ originally described m Negeria (Osunlokun. 1968, 1973, 1981); the otherisa
sub- acute discasc tnanilcst principalty by spastic paroparesis (#onzo) (CHIT &, al., 1985
Howlctt c1. al., 1990, Roslmg. 1994; Tylleskar, al., 1992, 1995 1994), Thc de clopment of
these syndromes is hypothesized to depend on (a) the ommount aml| duration oi exposute 10
cyanide. and (b) the obtlity of the body to dctoxify cyanide. & finction thar may «ary with
nutritional status. Cassava — associatcd neurologic diseasc hus been reposted throughoul

southcm Africo(cxcepl South Alrico)-ond pasts of ccmrl and wesiem Africa. I cassasa planl

is nol adequatcly detoxified during the processing orpreparation of food. itis potentiall) toxic

; e l
because of the release of this preformed hydrogen csanide. The hydrogen €3 mide is readily

i inamarin and ats
removed dJusinp processing ol cassava. howe'zt. the prescncc ol residuns finam

acetonc cyonohydrin in cassova-based food products has the poteatial 10 cause advene health

< o staplc food. CY snide containing plant proslucts tike
';o\ro ] i |
panticular ani Alfica m gencil

siudics about the potenual health

eflects in communitics Where €8s

i Nigeria in
cassava and sorghum form major siaplc food B 6

ble withthe lindings of previows

Dala in 1his study is compah g compounds

g vanide contsinin
hazazds inherent in ingestion of ¢cyanide 0 €00

red ond metsoliszed 1o avoid inhihition of
c

1 cleciron transport and conscquent Chcegy
tedly first (rapped by methemog lobin in

cetcd 1o thiocyanate (SCN ).

' ucss
For lictoxlq;:!“‘l\. rlcc ¢) nmdc must bc scq |
ockage of mitochondria
anide 15 1CpO!
is con®

2 1983), Cysnide is

cytochrome ¢ oxidose. bl
) . = L
[ailure. Following an acule cxposures ©

- !
the form of cyanomcthemoglobin (Sehul

« sulphanc sul phur 8s
fsu

Jimiriyg cofoceor forr She cnzyme rhedanese

3 dependent on the availability of

sulphur 15 |
mraE T et Al 1ogs). Even in protcin

detoxicateen (Swennc ¢l

0 reaction Lhat require
(Lundquist, £992). Tuc concentratio? .0
sulphur amino acids ($AA). from dieto?)
maln ysrition, availoblc sufphur 15 '
st 1996). Cyamide also ma¥ € -
aminoihyy sodine- 4- carboxylic acid (ATC)

ally utilized for cyanide

by albymyft 2
al., 1995 19g7: ) undkiist ¢l al.. 1995}

cleren!i
seyuesiceed

ad ttctabotied W 2-

r Cl
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T —

of to cyanate (OCN) which (Swenne ¢ al, 1996). in wm, |s comened by the cyatel
’ . y the cysteine-

. onia and bicarbonare {Schultz, 1979) Scveral
imcstigalors have reported that pmlonged Cyanate trealmeni induces petipheral

conlaimng enzyine cyatase |E.C. 3.5.5.3) amm,

3 I rod ) feuropathy in
umans and rodents. and spastic puapazesis in Macaques (Ohnishi c1. al., 1984; Shaw et al
M)t drogen eyanide inacthates the enzyme cytochrome oxidase in the milochondria of

cclls by binding fo the Fe3+/ Fed+ conlained in the eazyme. This couscs a decrease in the

utilization of oxygen in the tissues cousing neurological cllects such as Congeslion of brain.
Multi-Tocal degencralion and necrasis of the liver with loss of hepatic conds in the Kidney as

scen ingoup 2 and 4.

5.1 8ODY WEIGHT
Aecording lo Philbrick es uf, 1979, a reduced weight gain and decrcased thycoid activity wese
abserved in nale 1a1s gives 30 me CN kg-| body welghl day-1 as potassium cyanide in the

dict for 11,5 months. This study has showna reduction inweight gain and indeed weighl loss

in rts given 3ingkg’ day as KCN by pavage lor |4 days. In a-smdy, dicts deficien] in

methionine. vitamin B12 and iodine produced primary m¥iin degeneralion in the spinal cond

when supplemented with thiocyanate at a level of 67 mp k- b body weight day - | (USEPA.

1990). Adult rais in group 2 and 3also produced slight degencration of Ihe hepatocyles in The

lives. loss of wbular cpithelial cells of the praxiina! Wwbules.and congeslion of the bram blood

vessels. The lethol dose of HCN in mg/kg bod) weight are gencrlly ceponted 10 be between

066me (rabbir, i.v: USEDA, 1990) to 10-15mg for Various species . orall WHO. 1965),
. heen repotted for mouse (oral, 598 and &v. 484, WHIO,

hhough much larper volues fiest
L : fwere repog cd for mouse, 1.7, dog. 4.0, cal,

1965). Lethal doses of 11C N in kg body
2.0: ang for cottle and sheep, 2.0 Conn, 1979

weigh
). Wio cepazicd in 1993 that 2 dose of 25my

X, lintcal Signy
. . 100-120g/ body Veiéht} caused €
| . ) oht) fed lo s ( .
mimafin (250mp/kg bod) ucll,hdm e In the absence of methiomne
axin

of toxicity including @pnocd. , -
. ‘ e ptlequaic methionine
cd W ithin 3 hours With q

upplemeniaiion, 0% of Ihese RIS di

of rats died and aboul
s fed with Jing kg

104 shovied no Signs of tosicity (reviewed by
supplemenlation. §0%
Okc. [980). This study’ reposis thal ¥

cyanide by gmage daily caused

chnical signs of toxicily but 1ol
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letfial to-the amimals. Corchorus ofitorus gp Tclfina ogeidentalis wnclioenicd the efects of

cyantde on body weight in group 3 196.6434.9g and 215.7219.2 i group 4

5.2 OCULAR AND OTHER NEUROLOGIC LESIONS

The histopathotogic lesions obscryed i all species consisted ol demyclmation. especlally of
the optic nerv e tracts and the corpus catlosum, Sw ciing of aswocytes and myclin damage were
apparent within 2days in rats injected with sodium cvanide al doses sufficient to kecp the rats
comatosc for 225 to 260 minuu:y (Lessell and Kuwabar. 1974). Axonal damage. with
vacuolation and loss of microtubules. nlso occuered. Hlindncss was common in cyanide 1realed
animals and was considercd 10 be o scsult of persistent anoxig in the bioin. Neurologic lesions
aitribulcd 1o sub chroaic cyanide poisoning in humans are similar 1o those described for
eyperimental animals. En rats, how cver. the.corpus callosum appears to be more sen<iive than
lhe oplic ncrves. wwhercas in humans, oplic ncrve damage is freducntly the only ccnual

ncrvous syslem Iesion (Way. 1982), Rats fed with Imekgday KCN ior i+ days showed

clinical signs of ocular Icsion, This efféct wus reduced when the cyanifc dosage was

combincd with cquol amoun! of crude agucous exiiacls of Telfuria ucerdentalis and

=l ¥ e .
Corclorus ofitorus. Numerous studics hove implicated cyanide as the ctiologic agenl in

an nutnlional ncuropathy. tobacco amblyopia. and

human peuropnthics, including Nigeri . |
197g), I'hc syndromic of 1eopical atanic

owill cLal,
nesve deofness, seNSoty spinol atarin, weakriess of
is belicved to be due 1o cyanide

Jd is ainbuted prinasily 10

Leber's oplical alrophy (fevicwed ml
ncusopathy includes bilatcrol optic atrophy,

legs. anil numhness of fect (Osuniokun, 1968
ang spinal cord oA
:whigh levels of cvinogenic &1

¢ n
1 CASIVD, which conli . .
k ¢ levels snddemyclindtion 0 [ peripherl nerves,

Nipena with tropical

), This condilion
* inducg) t!cm}clinnlioo i the bain cosides (Way,
consymplion of the plar

1982). Elcvaled plasma and urinary thiocyanal
wene obscry

tul. 1979)

, od in paticats fromn
wilh decreased conductinn velociy,

. ‘uncC
alaxic peuropnthy (Osuutokun, 1968, Osuntokun

e N implicsied in the vccurrence.of tohacco

bacco smoke hos slso lohacco smoke 15

. in PO
anblyopsa. on optic disorder thot 35 cOm n:«;ﬂ "; cponed 19 sniokers
J Wilson (1965

n nnd C)anwnt‘mm'

laim
Jyoxocoby "
) have been <hown to¥e cfocnve

Cyanide pojsoning [rom 10 ple who smoke 1oboceo,

Iave clevaled dexcls of

know n 19 contain ¢y nnide, 80 n. which nre ¢apable
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Plasma gnd yrmary thiocyanote: I ptreating

bloodsircam:

o comnrexing cyanite in the
p i s the

mblyopia, suggesting that €} anide 15¢
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ctiologic agent in this disorder {Chisholm: ¢t o, 1967). Finally. a0 inbom error m cvanide
metabeli sm is (Rought to be the cause of Leber's hereditasy optic atrophy;, a condition in which

hilateral vision failure occurs, Low lovels of plasina thiocyanate in smokers with thi's
eondition suggest 0 hereditary' deficicncy in thic ability 1o metabolize cyanide to thiacyanalc

The ncurologic lesions seen with all of these neusopathics are thought to e the resul) of
¢yanide -induced histoloxic anoxia (IPCS, 2000).This ncurologic lesions were prominenl in
group CN+ Corchons offtorus ex tracl (28.6%), group CN only{67.1%) and group CN+
Telforia occidensalis only (17.196) of the total L populadon  Alsa, the acule sy stemic
toxicity of hydrogen cyanide, sodium cyanide and polassium cyamde by maltillation inlg inc
inferior conjunctival soc and orl routes have been Investigateil. én the tbi, the LDx values
m mmolikg were 0.039 for HCN, 0.103 for sodinm cyanide. and 0121 for potassium cyanide.
For all preparations, signs of toxicity appeared sapidi and death occurreid wilkin 3 1o 12 oin

of the cye being contaminaicd. Cyanide codcentrations 1n blood. scrum.
vith o Jiagnosis of death from

and various lissues

»

» | lible
were ineasuecd and the resulls wen lound o0 dc compo

IPCS, 2000). Thus. following their instillatio
val blood vesscls 1n amounts sufficicn 1o

with cyanide could be a hazardous 10ule

n into the conjimctisal
acute cyunide poisomng (

sa¢; cyanides muy be absorbed across conjuncti

. o . ’ . f | c
produce systemic 1oxicily: Contamination of the e

of exposurc, (Bnllantync, 1983).
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[ l c 1
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csion and inhalation of cynnides

Cyanides are readily ubsorbe | o toxicity, NeurotosicKy
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ing
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resulting
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Caidige ang respiratory cffkcts, .t collapse, exspitatory amest nd

{from occupational €spSsurc 10
abnonnalites (L

exposures to high concentrations p

) ' S'm {OmSs
death (artung. 1982; USEPA, {985). IYmp

pain and elest
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; ordial
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Ghawghi ct. ol 1975 Sandberg: 19670
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cfccts, including. cnccphaly. cacephaloccle and b abrommaliies (Frahes o, al. 1986
: . al, .
Doherty cl- af.. 1982: Tewe and Mancr, 1981). 11,5 study reports thal s fed with

ImgkWday KCN showed climcal signs of nasel icsion and nasal dischagge. The ssmtoms

were reduced when the ammals were treaied simultancously with equal amount ol 1y ophitized

aqueous cstracts of Corchorus ofitorux and Telfuiriy occik nialis

54 LIVER FUNCTION ENZYMES ASPARTATE TRANSAMIN ASE. ALANINI
TRANSAMINASE AND ALKALINE PHOSFHATASE

SATASPARTATE TRANSAMINASE

AST (ghitamate oxuluacctalc transaminase) is presenl in hizh concentrations m cclls of

cardiac and skeletal muscle. liver, kidney ond o throcstes. Damage (0 any of thess tissues
mayincrease plasma AST level 1o about 702 2. In comparing the AST concentralion belwcen

the centsol {group 1) and other proups. il was obsencd thal there was-no signilicant difterence
1n the concenlratton behwecn the groups.

542 ALANINE TRANSAMENASE

ALT (glutomalc pyrusate trnnsaminase GI'T) isp! |
and Lhe heart. Causes of high ALT includes

csenl it high concentrations 1nthe liserand

1 2 fesser ¢xlent in skeletal musclc. kidncy . :
in liver congestion secondany’ 1o congestive canliac

ALT) concentration of group | was
gnificant diffcrence Pe 00§

circulatory [nilure with shock. hypox

fiilure. When the mean Alanine Transaminase (smean

pved thal there was a sl

: . n 2, lkwos obse '
R o A brain, liver and kidney of rals in this roup.

Indicating that cxantdc caused damage 1 the

the mean ALL of rats in broups 3.4, 8 and 6 when
¢ N

lhere was no significimt dilesrenc fTects of € ynide POIsONINg Was

) indicahing that the

RRRNCS it the oy 1(conuoi occleknialis and Corchoruy 2liton

Ifairto
ameliorared in the groups 3 and ¥ treated with Telfarr

$43 ALKAL INE I1IOSPHATASE

The ALP s q group of enzymes that
¢ in panicularh

ates at high pll- They are

nic phosph
hydsolyz¢ e asleoblasts of bone

h Conccnirallhlls i the

hig
J Placenta

Present in mosi fissucs bul or wall remal tubulcs 3N

- 1estind!
08 the cells o f the hepatobiliary trect: ISR
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In rabbits exposed 1o sodium cyanide in the dict at doses of 1§ mg CN Kg/day for 4 weeks
weeks o

20 mg ON /kg/day for 40 weeks, hepatic toxicity (fatty degeneration and necrosis of the liver

increased serum levels of succinate dehydrogenase, alanine aminotransferase. and llkallm;
| phosphatase) and renal toxicity (tubular necross) were observed (Okolie and Iroanya, 2003
Okolic and Osagie, 1999). Neurotoxicity (myelin degencration in the spinal cord) was l

observed in rats exposed at 30 mg CN./kg/dny as potassium cyanide In food for 11.5 months
(Philbrick et al, 1979).

[na study by Tulsawani et. al,, 2005, sub-acute toxicity of potassium cyanide (KCN) in male
rats following oral administration of 7.0 mg/kg (0.5 LDS0) for 14 d was assessed and varius
hematological and biochemical indices were Jetermined afler 7 days of treatoical and
sdditional parameters like organ body weight index (OBI) and histology of braiit. heart, lung.
liver, kidney and spleen were performed after 14 and 21 days (recovery gioup) of cyanide
exposure. Sub-acute exposure of KCN did not produce any significant change in body weight

of the animals, OBI, hematology and the levels of blood urea, creatinine, asparaie

aminotransferase, triiodothyronine (T3) and etraiodothy ronine (T4) ( Tulsawani et. al, 2005)
ood glucose and reduced kevels of

However, in KON treated animals clevated levels of bl
dase in the brain and

alanine aminotransferase were observed. Activities of cytochrome € oxl
and enhanced levels of MDA

thodanese in the liver were diminished. Reduced levels of GSH
levels of blood thiocyanate Were observed in all the

i brain were observed. Increased .
3 uced varous histological changes in the

bestments of KCN. Additionally. KCN also prod
bram, heart, liver and kidney. ‘

SSHISTOPA THOLOGICAL ANALYSIS
Tsbaweni ¢ al., (2005) reported that sUb-actie cxposure

Kvites of cytochrome ¢ oxidase in the brain and

feporicd that KON produced vanous histolog 4

. the liver
be poup one (Control), there was AC i : o tubuly cpitetal cells and M
\M' m‘m‘ . 2] & ol
Gngention of blood vessels in e pegemaration of the MU
W““u o e Iner with
Vmgrdun @ the bidncy Ihe rats in §° d.,‘,dwn«*' "

on ¥ 4 e Liiney i i e
g pmgeeia® ¢
A the M. \

of KON can result Jimimnded

onally. b abo

and the beain whele there wan

™ viulie Lo of the Rainey n one {
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s picked and no visible lesion in the brain of two rats with congestion of the beain in one of
e rats.

e W effects of cy anide poisoning are thougit 10 resutt peimarily from inhibétion of lissue
glachrome onidasc activity, with resulting histrtoaic anovia. In group three. congestion of
boad veswels and mild portal lymphocytic infiftration. Focal centrolobular hepalic accrosis
and local hepatice degencrution were obseeved in the: livers of ihe three mis selecizd, Congestion
of Dlvod yessels of the kidney and loss of tubulas cpithelial cells of the proaimal iutnikes were
elsenved in the kidney whilc thege was no visible kesion in e brain. In group fow. analjsis
idicated that there was congestion of the brair and kidney blood vessels wuh ponial
hmphocytic infiltration of the liver. (Isom and Way. 1976) found 11 cyanide administercd
with thiosuliate was Iethal to mice a2 doses that cansed po inhibitson of hepalic Cyiocirme
osidase; however, brain cytochrome oxidase was inhibiied. The biain 1s the creda ihat ts most
sensitive 10 cyonide toxicity, und dealh from cyanide poisaming i belicsed W result from
central nervous svstem depression subsequent 1D inhibition of broin cytachrome ovidase

actisily. Although acule duscs of cyanide cause cantior asiulat. i et
| 2 aciivily 1o respirm
alieralions, many studies have shown that cCsSLONO fbeain aclivily Occurs Pror ocy

i ¢ inhibion
o candioe arrest (\Way, 1982). Petlcrsen and ‘Cohcn. 1985 found o Similar dégree 0 |
we sdministered lethal or noafcthal doses O

fic changes inthe central dopamsnctg
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' vous system d¢
csanide. aud these changes inay € ntribule © ceniesd T
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pecrosls W ith [ymphatic
brain, Vet and &
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rmnlﬂ

1 |
of the proximal tubules and hepallc kney of the other rls

- tan In the
ihle lean _ E“-I.I:m

o for many Specics
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Mhilbrich. ¢r al+ 1979), cats. and monkeys (Ferraro, 1933: Hurg, 1940), scloctis e destructi
e 9§ [[3)]

ofwhite matter in the brain was o striking and consistent feature of poisaning | rom prolonged
. it
aposure (0 cyanide.,

Newrotoxtcily (myelin degeneration in the spinal cond) was obsened in rats cxposed 11 30 mp

CN Xe'day as potassium cyansde in food for 11,5 months {Phitbrick ot a1 1979). Effects on
male reproduction were severe in dogs: (germ cell sloughing and degeneration, reduced
speimalogencsis cycie) (Kamalu, 1993) and also observed in 1aty and mice tn studies tn which

po other systemi¢ clfects were obsened. Hepalic, renal. and body weight effects were

1eporicd in \Wistar rats that received doses of 3.6 mg CN Apday as potassium cyanide in
dnnking water for | 5 days (Sousa 1 ol 2002a). In most of these experiments, animais weic
injected with incrcasmg doses of sedium or potassium cyanide foc up 16 132days. ond the
doscs used were high cnough to cause signilicanideath rtes from acute to? iefty (Sousa cial,

2002). [lowaver. in the study by Thilbrick ef df (1979). weanling cats exposed Lo low

concentrations of xolassium cyanide m fecd hada ma hed decrease in weight gain as obsenved

i group (188 44 15.9g). group 3(196:6£34.9¢) and proup 1(215.7419.28) hut no deaths with

ini . ' lef wWais 0 common. occumence in
clinical signs of toxicity. Enrly necrasis 0f o} and while maucr was o

| ' hie
fts snd monkcys, bul repealed exposuic appeassd 10 lectively favour desiruciion TES

matter (IPhilbeick c1aé §979). Administration of Poiass lum

' il cflects on
‘ : J in no significent Rdverse
]wm & ' d micc foi G \\ctkl, [t‘"]lc
E’% ¢ orally o rats an U——— (Okolic and Galic, 1999}

iver, bro and Kidncy{Okolic and Osapie,
¢ resvilcd m decreased

Cyonide i concentralion® ofup lo

bady weights, Nistopathology. or climeal P!
Esidence of neurologic damnye was S6¢n in the |

ke and gredte

e REP— s (100 myke an :
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diat g diffescnee 10 specics SEISHN Y lo
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2005). Fuphemnore, the cpidemioloic
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sfhydiofien sulphide from cyst (¢) inc than from is0.S quantities of methionine or i !
: | corin
iphage Fequired cyanide detoxilication (Bind. 1972), -

$5 CYANIDE POISONING TREATMENT
36.1 DETOXIFICATION

Detoxilication agcnls enzymatically detoxily cyanide by converiin g ittoa relatively non-1nic
product Which 1s readily climinaled [fom the body. Ilic reaclion can be caualyzed by
sugmenting the lcvels of the chzyme endogenousty o by suppicmenting the crzyme
exogenously or. by previding more substiale to the enzyme. which m this case are sutfur
donoes (Vanteiyst ct. al.. 1990), The major mechamism of remaving cyanide (rom the body is
lls enzymatic conversion by the mitochondrial cazyme Rhodanese (thiosulphaic-cyanide
sulghur transferase, (EC 2.8.1.1} to hiocyanate. Transulluastion of cyanide is also facilitned

by i!-mclcoplop)ruvale-qanidc sulphur Wansferosc (FC 2.8.12) (Ballantyne, 1974). The

enzymalic conversion of cyanide 10 thiocyanate requires a Seurcc of sulfanc suiphur (Jivalent

fanised sutphur bound 1o anotlier sulphur tom) which is usually offescd by thissullatcs or

R i L. oot (hionaics. 1hiosul (onatesy
other biological compounds €ontainng sulfane Sulphur, like ROh:iHONAI

. inds | albuminto yicld
persullides etc. It is presumed that the sullane sulpir binds lit to the scrum 2ibumina

ceacts with cyanide (0 fin thiocyanate

! . b
sulfane sulfur albumin complex which esentually -
L form of $18 $Sodium

(Westlcy, 1983). Exogenously administered hiosuifale usually n the
ceaction 18Py 1% alone admimsicred iy, may be

|h|m | y n IhiS i
ulphatc) would supplcme . evere cases Of Polsomng ma)

ici ! oning W il
suficient i moderate cases of cyanitk poisoning

antidotcs prc{crabh SN (Sodium nitriie) (Vanl leijstel.
r . -

nccessiate co-administaation of othe iiocyanate

J in patienls wilh fena

actd emenlation has bee reporicd 10

|98 7). Hlowmevsl

=I°| ‘98?). STS iS CC;lr‘;‘iIJ'iCatc nugmcnlg'io"O'ithmlnncsc
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bt SNogefious Supp :
hott snd ). ynncll.
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" p 1
acecleraie the transulfiigation ol € angde 10

S ling cffect 0N
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Syanidc poisoning in the Broups fed wilh them
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Pressure has slight protectivé clle
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porenviates the protective cfficacy of Sodium Nitrite (5%) and” or Sodium thiosyfphate 1515)
gy o. ab 1984). This protective mechanism is not Yo clear because inhibidion of
¢yichtome OXidase by cyanide does not deplete 1he availibilny of owgen: only eellular
wilioon of Oxygee is (mpaired (Baskin et al., 1992) Iy 15 Yeswoed that invracellular oxy £V
tenvion may' be hikh crough to cause non craymatic oxiduion of reduced cylochrome of
ongen may displace cyanide from cytochrome oxitlesc by mass action {Klassen 1990}

Dwring Transulfuration there is accumulation of sulplizic {SO3-2) which inhibits the mopes
of the reaction. 1t is proposed that oxygen acocleraies the oxidation of sulplits; Ibereb)

cohancing cyanide detoxiftcation (Litovitz, 1987). Transolphuration also occurs when sulphur

5 released f-om cither methionine or cysteine m the presence of oaygen and there by
enhancing ¢y anide detoxilication loo

$63 BLOCHEMICAL - i of
: . ed mechanism
Tte compounds classificd as biochemical amijotes hove larecly unexplaincd mechant

' ! X usually ot vety
xtion and arc also regarded as non-specific anklotes. These compcnintds are usuali

1 a0 comanional antidoigs A
cffective per se bul os adjuncts sigmiicantly augiecnt the cllicacy 91¢0

few chemicals belonging to this class of antidotes arc:
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. lic Phen
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akium in cyanide induced neuroloxicity and bemclicinl cflects of chloipromasine and
cakium channct blocker (diltiarem) e afso well documented (Johnson ct. al., 1986). The

recent thrust 1o develop mechanistic based aniidotes against cyanide poisoning has ideniiticd

some new' classes of lead compounds like calejum antagonisis, non-hypnotic barbiturates,

aiticony uisants. ndrcncrgic blockers. umips)ChOIiCS» nilric  oxide gencmiors. other

muroproleciive  drugs. antioxidants, plasma cxpanders. glycoltic substraies. carbonyl
coinpounds cic.

Many of these drugs hove not been ised clinically in humans but their results inexperimental
imals of in vitro urc quitc ¢ncouraiging. Other commonly recomiacndesd antidotes are
‘solution A and 3" (w solution of ferrous sulfate in aqueous citric acid and oqueous sodivm
caibondie) and amy | nitritc, Rritsin’s |lcalthiand Safety Exceutives (HSL) has recommended
against the nsc of solutions A and B because of their limited shell life, potential to couse iron
poisofting and limited applicability (cl¥ective only in cases of cyanide ingestion, whereas. the

min mades of poisonmg arc inhalation and skin conlact) {ATSDR. 2006),

$9GLOBAL ATTETUDE AND TIHE POPULAR TREATMISST |
e cats that there fs no unsnimity of

M . . . - S
A telrospective exaniination of vanous cyanide anfidotc
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Ihere & a0 Blibel
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L] . o i3 0 1 n
uranimity on thvis issuc. like Sodium Nitnte an iher counteics. Franice on
cr
A. and many O

of choice for cyanide poisoning in U3 g with 1 meihy}aonno dipheno! (DMAP)
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inali er. SN
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fomertcrcessive methacmoglobinacmia i v. admimsiration of 30 mi of 1% methlene b
[ s mel
wiution 1$ AlsO recommended (VanHeijst et ol 1987) il

sSROLE OF SULPHUR. CONTAINING AMINO ACID IN CYANIDE
DETOXIFICATION

Dictary cyanide cxposure [rom cyanogenic glycosides in insufliciently processed cassava has
been implicated as o contributing factor in growth retardaion (Padmaja, 1996). The major
delence of the human body 1o counter the toxic cffects of cyanide is ils conversion o
thiosulfate mediated by the cnzyme rhodanese (discorered by Lanis, 193). The cnzyme
contains an active disulphide group, which geacts with the thiosulphate and ¢yanide The
erzyme fs localized in the mitochondria in dilferent issucsand is relativly abundant, bul in
siles.  hich arc not readily assessable 10 thiosulphate the limiting factor for the consersion of
¢yanide is thiosulphale. This detoyification requires sulphur donors. which are provided lrom

amino acids. cysteine and methionine (Bradbwy and [Holloway,

silphur-containing dictary
n component of their dict,

198; Rosling, 1994). In subjects who have an adcdquale proici

: 10 eyathes] : degraded 0
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' otein iS ' il
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height-(or-afc indca, Otheonise
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y be o factor

R S iy indices were not significantiy

tissava, however, weight. for-height ond we
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¢ Cranide Exposure ma
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- (7Y
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the human bod}- dictor

%ids for cygnide detoxification it
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I ground up ang used 1o thicken thestup.
wally
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or income. and the occasion for which the meal js prepaced. Since the soup is nch in sulfur

anino acids, the 10xicity of any cyanide in the cassova preduct caten may be minimized by the

. detanifyng effects of the sulfur amino acids in the anigmal pioducts. Free oy anide must be

sequesicred and mctabolized to avoid inhibition of cytochiome ¢ oxidase. blockage of
mitochondrial clectron transport and consequent encrgy failure. following an acute expa,ure,
eyanide is reportedly lirst trapped by methemoglobin in the fonn of c¥ano- methemoglobin
(Schyitz. 1984). Cyanide is conyerted 10 thiocyanate (SCN-), 8 reaction that requires sulfanc
alphur as a iate- limiting cofactor for the enzyme rhodancse (Lundduist- 1992). The
concentration of sulfane sulphur is dependent-onthe availability of sufphuramino acids {SAA)
fom dictory protein (CHfT ct. al.. 1985). Even in protein malnutrition. avaitable suiphur is

prefentially utilized for cyanife dctOxication {Swenne cf. ab.. 1996)-CYanide may also be
10 2. aminothiazolinc-4<arbosslic acid (AFC) (

1996). in tum. I8

seqyeskred by albumin and metabolized
[ undquist ct. al.. 1995) or 10 cYanalc (OCN-) which (Swenne « al.

ey anase (E C: 35.3.3) ammonia and
comerted by the cysicine- conlaining cnzyme c2 U 3

bicarbonalc (Schuliz. 1979).
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CHAPTER SIX

CONCLUSION AND RECONMMENDATION

' ' Icity on of
Thege are diverse approaches (o antagonise cyonide toxicity. Howercer, full express |
] i ini ' i immedantc
tidow! potency of a cegitmen peincipally lies on clinical presemations and the |
an
‘udgement. . RN
: i Te cidcotalis os s3i¢C
This study' has shown the potential of Corchorus olitorus and Tetfaino oc S
. ni ‘ acticulorty when
tidowes for cyanide porsoning when administercd as treatmest regimen .
antido - AN e
ni | .« CSEAY 2 In Communitic
when concomitantly with cyanidc contnning (ood ilem () Yikc casss I
g : e safier anidutes e !
- . ailabilits of potentially salc
estva b il sossibilits ( thicir value as lirst-line treatment.
olitores and Felfoirie occidentolis unvils the possibility OFIEE

‘cn .n u )

N 14 not he to
i icctive fucthe rcscan:h shov

! ' the fupidil\ of C)‘anidc poisonlng, Ob‘\\!n - of fuclher

Considering \

ienificant fevel
. c[Ticacy 10 a sienific
blishcd antidoies completely but to augment 1ficir y
replace the establishe

Consensuy,

be canicd out 10 dentify the acwal

r study -t in cach al the
It is therclore rccommended thyy furthe ihese porentiats 1N ach

mim‘d with
cest oN cyom

d in n¢ar future

for Of
. re cmslblc
comnponcnls Of molecuyles 5P

clective
les @ more
de amul0®
: ( Ine
. : rgence ©
\S‘F“h ‘hc st
plant candidate

sAfale
. heontic'!
prophslactic or the rapcmic teginicn can

136

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



REFERENCES

dedapo Ayo! and OTA' Bello (Ape 2006). “Ettuia dotunical Poientraly of
igerin: A Case “(IOF amline reproduciion). iducationsl
1 Academie Junrnis) | (1) pp.16-22 ISSN 1990

Apelaja A
Common 1erbs in N

Rescarch and Reviews (s
3839. OCLC 173185259,

A1, O.. Afolabi. O. O, and Kupolaty, M. D. {2006). Scx
1 Contents of Telfuuri neetdimalis 1look b Journal of

(1): 155-156.

Ajinade, S.R., Balogu[\.
Dillerences 19 f3iochemica
Food Agriculture ond Envitoninent &

Akoroda, M.O. (1988),C altivation of Jute (Corcheres ohitorus) for cdible leal in Nigena.

Trapical Agricullure 65(14): 297-299

any of (Telfitirt occidentulis) (Cucurbitaccac)
on. Hot 442 29-39.

v Tovico) 2002132 254y -289.

\koroda, M 0.(1990). Elhnobota
among, Igbos ot Nlgeria, £e

AMasie. ¥'.(2002). Tonicity © { Fire Smoke. LrirRe

d Aati.nuinent ¢ cmponents of

(1995). Nutgicnts 80
i o 54 (3): 375379

Aletor. V.A . and Adeogun, O .
Food Cileesmis

Some Tropicat Leafy Vegetables.

. (2000)Committee 09 Inury and Poison

Amencan Academy of Pcdiatrics- AN

Preyvention.
135S

ot ot Vi s, Pediatrics 105
Reducing the number of Deaths avd Injunts from Residential Vires Fediat

—1357.
: e lizing Enzyme
1), The ['}:I.I'Ild!: metabo
1, M.A: lllﬁ:;p!mm}‘ Systems in Sheep and Dog
24:64-T1

Aminlari. M.. Vascghi, T., Rorgs

Rhodancse in Different Paris of the
Jed Phurmnmfum'.

N i d 5 F T-’”
Toxicolo® and App: v Odour I hreshokds

asan Aidto b hemtcal 55 54 Industrial
jues an . AT2-290

;‘Lmn-;un: J'| i ”.‘]'ul,;,ﬂ.;h |_ ”Lm” Udﬂur . i 1
Journal of Applicd ToNEEE gy 3:2

Compared with | hreshold Limit Va
Chemicals in Air and Watcr Dilution.

. L
. e . :
.ALS (1970) A ) sancemning £38
urvey ol | ilerature Cone i

Ansell, M., Lewis,
and Fotal [houdy Cyanide L.

Human Organsi A S
“Nogmal,” Non- (atal,
Medicine, 17:148 153,

. of foplrid
. oned Pumpkin L1¢
: jon of 1 Jutes
atuat es

Asicgbu, J.1.(1987). Some IO ic.
qel | ood AB! LIS ['_n.,;lur'll'r'rﬂ'“' ol

occldentalis) Seed, J: 240 GA
. . Atlania. . whe Substamss
| “mhk‘ A e [ 1 oah

ATSDR (1989), ToxicologEE 7T m blie
Health and Human 5€ ees
and Disense Regisiry

AFRICAN DIGITAL HEALTH IJELPOSITORY PROJECT



R (1991). Casc Studies in Environmeng) aed...
Health ard Services. Public }eglih Seny picdicine. Aarta, Ga, U Departmon of

Regisiry. ice, Agency-for Toyic Subgancerwet-Bisey

ment 4
No. 205-88-0608). " Interextinm) Coprrmios (Contract

ATSDR (1997): Agency for Toxic Substances and Disease Registy  Tosawhugical
Profile for Cyanide (Update). US Drmanmcot of Health and Human Serveees

ATSDR (2006). Agency for Toxic Substancesand Discase Registry. Divasion of
Toxicology and Environmental Medicine] 600 Cliffon Road NE, Mailstop F-32,
Alkzni, GA 30333.

Ballantyne, B. (197-4) The Forensic Diagnosis of AcuteCynide Poisontng. In Forcasc
Toxicology Edited by Ballantyne, B. Bristol. Wright Pub ; pp99-115.

Ballantyne, B. (1983) Acute Systemic Toxicity of Cyanides by Topical Applicarion ©
the Eye. Journal of Toxicalogy — Cutanrous arkl Ocular Tavicology. Vol. 2, nos.
2and 3. pp 119-129,

Ballanyne, B. Acute percutancous systemic toxicity of cyanides. Joams| of Toxicology-
Vol 13. no. 3 (1994). p. 249-262.

Banca-Mayambu, LI.. Tylleskar, T~ Tylleskar, K- Gebre-Medhin M. Rosting. Il
(2000). Dictary from Insufliciently Processed Cassava am? Growth Retandation in
Children in the Democratic Republie-of Congo {oinicrly Laire)

Annals of Tropical Pacdiatrics. 20:3-1--40.

Eaposure and its Effecs on

Ba ] ar ~zanl o id(’
Klee, K.X., et al. (1997).Evaluation of Cyan ,AM‘JWW"”

Thyroid Function of Waorkers ina Cable Industy
Emvironme ol Medicine . Vol. 39, py 258.260

Victims of Fire: Analy'sis of 364

Rui . , de Poisoni
illo. D 5., Gooyle. R , (1944). Cyanidc Poisoning in Rehodit: 15:36 = ST[Mcdiinc|

Cases nnd Revicw of the Literse. J Burn Care

Baskin, §.1.. 1oromitz. A M. Nealley, EW (1992).;:;0[
Nitrite and Sodium thiosulphate 831t Cyshi
Clinical P larmacology: 236815

{ Sodium
wntidotol AAction ©
} soning; }auﬂ\ﬂldf

:  joryein 8f the
Bkin. $.1., Zyklon.. Thontas, G.(1998) In: La Cleu ::c:‘ iﬁm*‘
Holocaust. New Inven, Conn: Yale Univensi

2 inhatatien \e0

Pstian. (i, ppercker, 1. Zur Frote dcﬂ““"'“?,{:,‘;:“: ;l:s'o) Nanyn
Amynifris [n der Blchondlun dch)'ﬂmd“"r}:237:285~°5-
Schmicdeberg's ,Irch Eop Lothol

AFRICAN DIG'I'}IH-IEALTH REPOSITORY PROJECT



Basu T.K.(1983). High-dose Ascordic Acid De

cfeaxes Detoxification of Cyanide

‘s in Guinea pjec. :
. VOI.6|, PP 1426-1430 & CMUI?J'W}Q{

Derived from Amygdalin (Lactrile):
Ph):w'alagy and Pharmacology: "o

Basu, TK.. ctal. (1985). Drinking Water Ceies:
Draft). § Yvater Critcria Document for Cyanides (Fina|

Baud. F.J., Barriot, P, TofTis, V.. ctal (1991)
T T i o/ Voo . - Elevated Bloog - :
it Vicims of Smoke Inhalation. o’ Engl s Med:: 32_*:':| 76?}"7'2: [g%':g:‘?mm

Beasiey, B.M.G.. ct al. (1998).Cyanide Poisoni |
Lot -Cya ing: Pathophysiolopy:
Recommendations, Occupational Medicine, Vol 48, 3\0 7, ﬁ)pi?.’(.’{:;a:umm

Bedding, N.D.. Mclntyre, A.C.. Perry. R.S., Lester, }.N. (1982) Orpanic Contaminanis

in the Aquatic Environment. 1. Sources and Oc '
R currence, 7 Sci 1/,
Emuronment, 25:113-167. el

Berlin, C. (1979). Cyanide Poisoning—-A Challenge. Arh. Intem .Med. 137::993.994,

Bhatlacharya, R., Jeevaratnam. K., Raza, S.K., Dasgupta. S. (1991).Csonide
Antagonism in n Rodent Model. Arch. Toxicol. : 14:23]-5.

Bhattacharya R, Vijayaraghavan R. (1993). Cyanidc Intoxicasion in Mice through
Different Routes and s Prophylaxis by Alpha-betogiuiarate. Blomed Emniron
Sci:4:452.60.

wﬁ‘mhﬂfya R. Sugendran K.(1992). Biochemical Changes Induced by Two
Prophylactic Regimens for Cyanide Antogonism. Biochem tntern.;26:627-15.

Bhaﬂ”hﬂi}'ﬂ R. (1995). Therapeutic Efficacy of Sodium..’*fitrilc. ard 4- s
dimcthylaminophenol or Hydroxylanine Co-_admm“‘m_"ﬂg PRTEYS =
Poisoning in Rats. Hluman Expcrimental Toxicqogs* 14:2933.

8hut 11 R., Linnell 5. L_(1987), The Rolc of Rhodanesc in Cynnidc D:lﬁxn:;f?;g:tznllls
Possible Use in Acute Cyanide Poiconing in Man. In Clm\:ialanﬁr{;& Wright
Toxicology of Cyanides Edited by' B. Balian'y"® & 1T.C. Marrs, :
Pub., pp 440.50.

in Ruminants. V.

Excretion Studies Apsirahan Jonryul 0/

at’rd‘ PR (1973 H and
-(1972). Sulphur Mctabolismn ~c and Cys(c)ine.

Ruminaj pesulphurntion of Methion)
Bislogical Science, 25, 185-193.
3 .R“ln‘n“'ns “'OrkClS.
e Pt al (1985) Cyonide Intoxicalionamong S1VES n0.3. pn 367371
Journal of the American Medical Associ@iton. YO = =
wpcjalion Detween
M hi, Ekana)nkco 1.J and Dixon. A 00 (:3;.::,;:\0!‘(:4953‘{’ L\[osatc.
Aocumy|ation of Total Cynnogens and Prog i Patenlfal I Cassava
Genorype-Environment Intcraciion® for cyantBen

AFRICAN DIC'I@QHEALTH REPOSITORY PROJECT



hﬂoknnga. Ni..’ESSQFS. AJ.A., Pouncr. N-RDSH : ‘
Acta Ho1}|cu[tumc: Proccedings of the 55 f:,gy }:V ::; 1;;‘: O (Editors).
Ibadan, Nigeria. March 1 ~ 4, 1994 pp.132. . OHS and ISTRC,

Borowitz, J.L.. Kanthesamy. A.G., Isom,G.E.
Chemical Warfarc Agents Edited by W
Academic Press: pp 209-36.

(1992). Toxicodynamics of Cyanide. In
egee. S. M. Somani, N. P. San Diepo.

Baxer, G.E., Rickards, J-.C-{1952). Studies on the Metabolism of the Carbon of
Cyanide and Thiocyanate. Archives of Biochemisiry and Brophy sics. 36:7-26

Bradbwry. J.H- and Hofloway, W.D. {1998): Chemistry of Tropical Roo Crops
Signilicance for Nutrition and Agriculturc in the Pacific, Monogroph No. 6.
Canberra: Australian Cennee for Inernational Agriculiural Reseasch,

Brimer, 1.. Rosling, H. (1993). Micro-diffusion Mcthod with Solid State Deteciion of
Cyanogenic Glycosides from Cassava in Human Urine. Foo! Chem. Tesicu.l
31(8):599-603,

Bodavari,S..ed (1989), Merck Index: An Encyclopedia of Chemicals. Drigs, and
Biologicals. 11th ed. Rahway. NJ: Merck & Co, Inc.

Chandra, 1., Gupla, B.N.. Bhargava, S.K.. Clerk. S11. Mahendie, PN-(1980) Chrome
Cyanide Exposurc: A Biochemical and [ndustrial Hygiene Study. Journal of
Arvalytical Toxicology, 4:161-165

CHEMINFO (1998) .Chemical Profiles Creaied by €COMS: Cranogen Hamilion.

i . : d safety
Onjario, Canadian Centre for Occupational llealth - :
hiLp:wwav.jntox org/databank/docurncnisichemical cyanogescied J0htm

i - The ENect of
Chen TS, and Saad, S. (1981). Folic Acid in EEYption V:’fs::::ﬁi“;h:
Drying Method as Storage on the Folacin Coment

-249.255.
(Corchiosus olitorins). Ecot. of Food & N 10:249-25

WS (1967). 14 droxocobalamin

Chisholm, 1. A.. Bromic-Stewart, 3., and Foulds. { Tobacco Amblyopia- Lancer?

Versus Cyanocobalamin in Tise Treatment O
(August 26), pp 450-451. |
it Cyanide
: . Chemistry o [1ydrosen
Ckerone, R )., zellner, R (1983).The AMmosPhre o 7 oge

(HCN). Jourmel of Geophy'sica Rescorch e
B. | 8

Cifi )., Lundquist, ., Martensson. J.. Rostin. I'l-g:(s’:::i?l'd"“d 3pastic

of High Cyantde and 1.ow Sulphur Intoke

Parsparesis. Lancet, 2. 124 1-1213. Chavane, L. ond

' : ujo, O o Trop. Med
Cifl. 1. Nicala, D., Sante. F. Givragy. !{‘;gf:::,b\s'nr i Mozambique. £79P
“O“'Oﬂh. J {1997): Konzo AssocCia

Intern, calth, 2. 1068 -107+4.

AFRICAN DIGIT‘\E‘&ALTH REPOSITORY PROJECT



ChIT. ). Coutinho, J. ( 1995). Acutle IntoXicati X
during Drought in Mozambigue. Tmpjc‘::? g:?;:‘;‘;{-"";glmduccd Cassava

CNN Intemadional (2006). Paris, An Apatment Eie L*:
h“P'f/cdilion‘cnn.conVEOOSIWORLD;T :) ;:; !)'\811'?:; 7. Available gy:
February 10, 2006. /Mance.lire, Accessed

Conn, E.{(1979), Cyanogcnic Glycosides. /, =
fie Hydrogen S. il Rev. Biochem, 27:21-43 Consensus Report

Cyanide, Sodium Cyanide and Potassium Cyanide.Scientilic Basis for Swedish
Occupational Stondards XXII. (2001} Edited by J. Montelius Arbete Och flalsa.

No. 20 pp 43-59

Dahl AR.(1989). The Cyanidc-metabolizing Enzyme Rhodancse in Rat Nasal
Respiratory and Olfactory Mucosa. Toxicelogy Letters. 45:199-205

DECOS (2002) . HyclrogenCyanide, Sodimn Cyanide and Potasstom Cyanite The
HaBuc. Ministcr and State Secretary of Social Affairs and Employment. Duich
Expest Committee on Occupational Standards.

Oclhumcn.u G.. Cruz - Mendoza A. M., Lojero. C.G. (1994} Protection of Cytochiome
Coxidase against Cyanide Inhibition by’ Pyruvaie and Alpho -ketoglutarate.
Effect of Acration In vitro. Taxicol Appl Pharmiocal :126:345-51

Diciz V. Colombo. G., Jensen. L. ¢ 1994) “Loco-motor Activity in Spinal Man-"
Lancct, 344, pp. £260-1263,

Doica, C., et al. (1972).Obscrvations on the Changes in the Ac!i\'il}' of Leukocytic
Oxidalive Enzymes in Subjecis with Long Term Industrial E"‘ﬁ;; i
Hydrocyanic Acid. AMedicina terna. Vol 24, no.lt. p. 1385-

Dobeny. P. A., Ferm, V.11, and Smith, R P. (1.982)'C°ﬂ,gcmml u\sitz::ﬁ.;r:nnl;:!:;lsd .
Induced by Infusion of Sodium Cyanide in the Goldenhamster. £

Pharmacol 63.456-=154.

1ion B8EAiNns¢
Nlaney AL Brumley. M.. Willis. J.T- Hume. f‘-s'(.'zg\',l',Pf?:,",f Toxicol; 33:571.5.
Cyatide Toxicity by Oral Alpha.ketoglutaric g Dot
Skin /n vitro [rom
Dugard, 11, (1987). The Absorption of Cynnide ':;:’;“3"‘ .'g';ﬂz;“n:nu. Marrs TC.
Solutions of § odium Cyanide and gaseous | F-. ¥ Wrighy, Dristol. IOP

eds, Clinfeut gnd experimental toxicolog)' 0/ eyvinides
Publishing. pp. 127-137. ol 2
ink A :
Eboh» ; . al. African Link Press.
;‘2 C. (2000). Nigerian Cookery Monu

ECf.’IOC. (200J). {huroger € anlde, S0l Cenire féf Ecmmkmz‘ﬁ\mghcmiuld
dceton Cyunohytirin BI’USSClS European «sessicnt 0 ‘
Toxleology ol'Chcmi(‘:als.(IECE roC loiit A=<=

AFRICAN DIGl-I-‘"i HEALTH REPOSITORY PROJECT



g Ghawabi. S.H.. Gaafar. M. A, Ei-Sahani, A
Fares.R{1975).Chronic Cyanide Exmsur:c? A gli:::g’l P

H. Malask K. % and
Laboratory Study, BrJ Ind Med 32, 215.219

Mi(ﬁm‘om and

Eoans. A.M.. Belange. F.. Van Der Velden, af.

Cyanidc and Thiocyanate in e Etiology bk a2 g )

_ i of 1 re b
Expernimental Medicine and Biology. 30:4552‘:2'"": Cretinism. ddvances 1y

Emmans. A.M., Nbulamoko, N.M., Delange, F.. clal, ods.(1980). Rots of Casqg in

the Efiology of Endemic Goitre and Cretini
nism. Ona . .
Devclopment Rescarch Centre, 1-183. wa. Canada: inusmationsl

Eraesto, M. Cardoso, A.P.. Nicala, D.. Mirione, Venncsland., B.. Castric. P.A., Conn.
L.E.. Solomonson. L.P., Volini, M. (2002). Journa! of Cyamde Mcraboltsm Fed
Proc., 41°2639-2648.

Fagbemi, T N. F.. Eleyinmi, A. F.. Atum, I, N, and Akpsmbang, Q. (2005).
Nutrittonnl Composition of Fermented Fluted Pumpkin (Telfoiria oceidenalis)
Seeds for Production of "ogiri ugu™ P 5.18-2, Session S4B, Fermenled Foods &

Beverages: General. 2005 [FT Annual Mecling, July 15-20 - New' Orieans,
Louisiana.

FAO. (Food and Agriculture Organization, | 992). Minor Otl Crops.FAO A gricultusal
Services Bulletin No., 9:1, Rome.htipAimwaww.ao of/docrep/ NS0 43EX S043E60- hum

Fasuyi, A O.. Aletor, VA, (2005). Varietal Composition and Funcuoqnl Propertees of
Cassava (A fasifoy escrdentn, Crantz) Leaf Neal and Leaf Proein Concentraies.
Pak. Journal of Nuritiond(1): $3-49.

FsgyicA 0. (2006) African Journal of Biviechnology Vol. 3 (1). pp. 049-053.

rmination ©f Cyanide in Biologic

F . , 1 ; §
eldsicin, NI.A. and Kiendshoj, W.).(1954) .The v  aboratory Chemical

Fluids by Micro-diffusion Analysis Journal of
Medicine, 4.4:166-170.

+thy (Dh scleros!s
FerRago, A-(1933). Experimentsl toaic cnccphnla_‘“yc'og't.'(;i )(I})::)f:’ﬁ”’ Q. 7. 267-
lollowing subeutancous injections of potissium CYAREES

283.

). Expostire and

: 198
hl‘~ Rn\ak. j' ( c“tol [D'otcc“'on

ﬁkse] J G -
+4.. Cooper. C ., Eschenroeder, A.. QOYCl. & Environin
Risk Assessment Jor Cyanide. \Washington. DC. US tm

Agency .
ivc Mctabolism of

aral q17-
F'aiu. RJ\,_ Sha"nn‘ R P.. \\rllihile. CC. ('98&’. COT[(’:‘&”'(“II Taf‘corap" 24 lf?

an
]legam‘""" and Amygdalin in [ lamsters Food

™
qug' K. D. and Schwarzkopf, bl
| 7 Cyanide poisoning. Arch Toxicol. =4

AFRICAN DIqIﬂHEALTH REPOSITORY PROJECT



ther AO.and Baine, O, (1938), The

Medical Sciene o 195 182198, vxicnlogy

of Cyanide. yerican i vetiesl of

Giami, $.Y'. Chibor, DS, ldebirt, K12, Achinews
. : LA Ty ‘u SI(:i ‘,0',

;\.ﬂmg’cnoqs un.d Ot!lc.r.C hemical Consiilucnls.'l'mlci(rll I‘mz;i(nl:z':::; Ih

vitro I’rotein Digesiibility ofr Germinating I luted Pumpkin ( Iéllumt; '

occrhnitadis Hook) seed, Plant Yoods For ) luman Nulrition 53(4). 333 .342

Gosselin, R.0E, ctal, (1984) (Clinical Taxicology of'C _
] ! s .m ’

Grandas, 1, et al- (1989) .Cllnical ond C1°Scan Findings In a Case of C-yanide
latoxication. Mavenant Diserviers, Vol 4, no 2, pp 188-19)

UL L. 8. (1988). Taxonomy of Flawering Plants, Alrlcuna Fep, Publishess §.td,
itadan, ppl06-109

Kal ALY, cral. (1986) Clinical Toxlcology of Cyanide. Annals of Emergenc;
Maodicine N'ol, 15, no. 9, p. 1067-1074.

Hardy, H L., JelTries. W.M., Wasserman. M.AL, Waddell, W.R (1950} Thiocyarar
Elfect following Industrial Cyanide Exposure. New Eaglarel Journal of
Mcdicine, 292.968-972.

Hawmg, R. (1982). Cyanides and Nitciles, In Patfs's /mlustricl Hygiene. 3rd ¢d. (G
D Clsyton and F. E. Clayton. Eds.), pp-3845-1900. John Wiley & Sons. Inc.,
NewYor k.

Us Department of Heatih and Hummm

$aDgn. (2003). .HaDat Database. Atlants, GA e e D

Services. Public 1icalth Scrvice, Ageney for Toxic Su
Regastry.

lealth Canads (2002) .1 rere Tecre * Smoke There ] !{nbgg«:::sszzustt l‘.‘('))l!;\\:;‘l‘;c )
Ontario. | lealth Canasia, ilcahhy Environments and Lo

983) Detenmination of

: s JJ. 0
Bt D 1§, Hocksidge. M.E.. Gould, 1M, Rackin i ”/Agmymrdwfwd

Cyanide in Soybeans and Soybean Peoducts. Journd

Chemisrry, 31:272-2

4 & Rat:
Honmd, 9" and llanzal, K F. (1953). Chronic r“"j‘;{u“:;,»,,;umJ )25-329
Hydroken Cysnide Suurmd of ARTIC lturad I : i
1, (990} K
Hombets W1 [3ruhaier, G it Miingi. N ond ROSIE o322 238

Uppes Morar Neuron [Hseasc Studle

yelination ©fthe ¢ '~‘“"f,' pag Beed bied Sel 13,

Hoew, 1w (1946) Faperimental Dt (yonide. d¥v

K cphalopothy Predpced by Potassitin
241223

AFRICAN DIGIN I‘EALTH REPOSITORY PROJECT




fwahim, M. Z. M., Briscoe, P, B._ R .
Relationship between Enzyme :\Ba) liss. 0. 6, and Adams, C. WAt (1963). The

gl clivily and T
Dem) c]m_ ating Stages of Cyanide Bhée p:;’ :‘Wmmlg.ha in the Pyodroma) and
J.,\’euml.awumm:g,ng},,a"), 26, 479486 Pathy in the Rat

[CM], (2006) Errvironmernial and H, alth Effects of

Management Institute, 888 16® Streer, N\ Cyanide. Iniemational Cyanide

Suite 303, Washington OC, 20006, USA

IPCS. (1992) Porson Information Monograph. Gy anides, Geneva, el HAE

Organization. Intemational p :
159). rogramme on Chemical Safety, (IPCS/INTOX/PIM

IPCS. (2000). Cy'anogen Cloride. Geneva, World I lealth Oiganization. Intemational
Programme on Chemical Safety (International Chemical Safety Card 1053)

[som, G. C. and \Way. J. [.. (£976). Lethality of Cyanidc in the Absence of Inhibiiion of
Liver Cytochromce Oxidasc. Biochem. Pharmiacol. 25.605.608

lsom, G.E.. Borowitz. J.L. (1995). Modification of Cyanidc Toxico-dvnamics:
Mecchanistic Bascd Antidolc Development. Toxlcol. Leit .82/83795799,

landorf, B.J.. Bodansky, O. (1946). Theeapeutic and Prophylaciic Elfect of
Methemoglobincmia in Inhalation Poisoning by Hsdrogen Cyanide and
Cyanogen Chloride, Journal of hutusirivl Toxicology;28:124-32.

Jaramillo. M., De2afra. R.L.. Barreu, J.. ct al (1989). Measurements of Stratospheric
Hydrogen Cyanidc and M Murdo Stniion. Amarctica: Further Lvideace of
Winter Stratospheric Subsidencc? J. Geopln's Res 91:16.773-16.777.

HECFA (1993). Cyanogenic Glycosides. tn; Tovicolvgieal Evaluationof Certun Food
: ¢. Gencia, World Health

Addriives and Namurally Gecurring 1ovican L
Organization. 39th Mecting of the Joint FAO/WHO Expen Commticc on Food
Additives (WI{O Food Additves Series 30),
lohnsop, 1.D. Mecisenficimer, T.L.. 1som, G:E (19861(‘)3""9;:"}2’;? Neurolexicity:
Role of Neurona! Caleium. Toxicol. Appl. Phannacol: :
-7 Phylochemistey A7
fmes, D, A. (1998)." Why arc So Many Food Plants Cynnogeaic? )
155-162. DOL: 1016/S0031

ide . Atchives of
Kales, SN, et al. (1997) Paranoid Psychosss ofler Exposuie l0 Cyan

2.45:2.16,
Enviropmental Icatth, Vol. 52. no.3, p,245:2.16 .
o amd Health.Solia

£Ecol
Ka!o)nnova. F.. Basmadjicva, K., }"opov.'M.. cds. ( 1985), ~4018
M“"mﬂﬂ | Fizkultueg (in BBulgarion)- T

Giowing Dvgs Fed on 8 69:92] -

Sty g, (1993), Pathofogical Changes ® MEr, b po el uf Auirition

g;:iava (AManthot esculentu Crantz) Dict.

AFRICAN quw HEALTH REPOSITORY PROJECT



kepdinm. O.C.. Chukwu, O.A, and Achinewh
Processing of R, S.C.(1995) Ef
ocessi f{ 0 Cﬂ&S?va on the Cyanide Conge of Gasi
Food for Human Nutriion, 48:335_339 1 8nd Caseavz Flour, Plant

Kooz A.. Shen, A, Burrows, G.. Sylvester. D.. Isom .G. E.and Way, J.L.

(1983).Effect of Chilorpromazi : y )
Pharmacoy. - 71407 I’3). In¢ on Cyanide Intoxication. Toxico). Appt.

Krasner, S.W.,, McGuie. M.1.. Jacangelo. J.G.. Patania, N.L.. Reagan, K M. and Aicta
.M.E- {1989) -The Occurrence of Disinfection By-products in U S Drinbing
Water- Journal of the American 1Vaser Works 4ssocianon. 81:31 53

Knuszyna R., Kruszyna H., Smith, R.P. (1982).Comparison of Hydroxylamine, 4-
dimethylaminophcno! and Nitrite Protection against Cyanide Paisening in Mice.
Arch. Toxicol. ; 49:191-202.

Rowar, P, ct ol (1992) .flcalth Status of Workers Engaged in Heat Tresimeni (Case
Hardening) Plant and Electroplating at Cyanide Bath. Indian Journal of

Environmental Proteciion. Vol. 12, 10.3, pp 179-183,

ladeji, O, Okoye, Z, S. C. and Ojobe, T. (1995). Chemical Evalustion OflhclNulrinwg
Sv; l;;;g Leal of Fluted Pumpkin (7edfu:riu occicdentilis). Food Chem!stry,
:333-355

pours and Gases in the Humon

(_mh D l I onof Va
LD, Hemmnnn, R.G. (1950) .Retention nd Occupational Medicire,

Nose nnd Lung rchives of indusirial [1ygcned
1:36- 45

korpee. Biochem Z: 259, pp 213-256.

) Health Dostrict,
¢ of Cameroun,

Lang, K.(1933). Dic Rhodanbilung in Tic

l‘fﬂl’llm r en 11 the GQROUT Houlu .
 H. (1998). Spanic Paraparesis: dtt:;?“ temic Discase . Republi

East prosince-Cameroun: A Hid i
Yaoundg, p. 85 (cited in Emesto ct. al. 2002)

of Cyanjde Poisoning by Apncol

4, B8, E1 Shawa, R. (1981) -Multple Coses f &I

Kemels in Children from Gazp. Pedrotrics.
Rates of Infusion

ide ot S!
Unrence, w5, (1947), The Toxicity of Sodium Cyantde BEZER

Fo dz "% 3 349+
ederation Procecdings. 6(1) Arciy, Ophthalmol 86,

: thy.
lq&"‘ S. (1971). Experimental Cy2nide Optic NevroP1hY

194,50,

AFRICAN leﬂ'g. HEALTH REPOSITORY PROJECT



- - Fine Strucyge :
Newopathy, .In?vs:. Ophikilmol 13, 7 48.756 &WI Cranide Optic
tinfornicd Opinion). Wesr J Aed. 127, 5563 > - P-U977). Lacoile

Lemg, P. Sylvester, D. M., Chiou, _ Way, 11

——atrewpeeific Ellect of Naloxone }iyq
Toxicol Appl Pharmnacol. :83:5253 : (;Dc

~ Way, EL. and Wey, J {1936
hloride on Cyanide Intoxiacion

Li, Q. Jacob, D.J.. Bey, I.. Yantosch, R M, Zhao. Y. Konda, Y., Nothoh. J. (2000)

Atmospheric Hydrogen Cyanide (HCN): Bi -
: Biomass :
Geophvsicul Research Letters, 27’357-360. Buming Source, Occan Siak?

Ladowiz. D.. Schwaiz, H-. (1948) .Cyanide Poisoning: Repost of o Case with
Recovery. American Journal of Clinical Pazhology. 18:965-970.

linoell J.L.. (1987). The Role of Cobslamins in Cyanide Detoxificstion. I n Clinacui and
Experimental Toxicology of Cyanides Edited by B. Ballontyne & TC_ Marrs,
Bristol. Wright Pud.: pp 427-39,

Lndquist, R, G., Stem, M. D, Ottesby, D. E. and Linn. J. G. (1985). Influence of
Methionine Hydroxy Analog and Di-Mcthioninc on Ruienn Protozoa and
Volaiile Fatty Acids, Jovrnal of Deiry Science 68:3055 -3058

Landquist, P. (1992). Determination of Cyanide and Thiccyanaie sn Humans
Linkoping University Medical Dissertations No. 355

Landquist, P.. Hemandez, T.. L Lounge®)- PererCrists, R, Rodvigues. E- -fod Rt;x:': ;f'
(1995, Fate in § lumans of Dictary Intake of Cyancgenic Clyoosides from

Sweet Cassava Consumed inCube Naiucal Tovins 3.pp | 14-] 17

nt of Acute Cranide Posoning

Litow; el Featirté
ME, T, (1987). The Use of Oxygen in the T Wdes edied by B Ballantyne

In Clinical and F:xperimental Toxicology Ofc)’““
3 T .C Aarrs. Dristol. Wright Pub.: pp 467-7=
Gl
Maduh, E, U, Johnson, 1.0 Ardelt. DK, _BW'O\HII. "il”o:;!c‘\muotmn b
(1988) Cyanide induced Neurctoxi¢ity: 3$§%hm60_ﬁ;)
Chlorpromazine. Toxicol Appl I'harmacol :

Production (D Ninetics of
Alphp- Amino- propiophendac,

nol after Inlrayenous

& 7.C. aright 1.1 (1986), Kineiles of “""“"",lﬁ'fm&
Methacrnoglobinaemia Induced bY c).anltltm imctmlaminol'ﬂ'f
alpha-hydroxy! aminoproplephenon< L s
Adminlstration

llurnan ‘Toxicology . 6:139-45 < Acid Vaors in
Tooereiy af 1ydmerant
¥e Namarn, 1y, 1. (1976). £:stimates of the TOSID P Sanas

. i b
Man. I:dycwood Arsenal Tec hnfcal REPC 1 ondon

i Ires
; ing. Acsen®
Melloe, 5, o ¢ 1978). Fundomentaly OF FITe¢ =

AFRICAN Dld'fl\{'HEALTH REPOSITORY PROJECT



Miisuy of Health Mo2ambique (1984): Mantakagsa: An Fo
Pamp:are&is .:\sso’cialed with Chionic C}::?za rh?&%{.f,?—m of Tt .
Aug of Mozambique.| .Epidemiology and Clintcal 3 Lal:,‘ a Cm}'u }!apl_c
Faticnts. Bull. World Health Org. 62, 477 484 ratory Fmdings in

Mosha T. C.. Cagu. H. E. (1999). Nutritive Value

and Chymotrypsin. Inhibitor Activitics of Sc
for Human Nutrition: 54: 271-283

and Effects of Blanching on Toypsin
lected Leafy Vegerables. Plant Food

Nabrstedt. ALT. (£993). Cyanogcncsis and Food Plants In: Van Beek, T.A , Breieler,
H. eds. Proceedings af the Intermational Symposium on Plntochemusiry arnd
Agriculture, 22-24 April 1992, Wogceningen. Oxfoid, Oxford University Press, pp
107-129. Nkang, A.. Omokaro, D., Egbe, A. and Amanke, G_ (2003). Variaticas tn
Faity Acid Proponisons during Desiccation of Telfairtu occidentales Scels 1oevested
;13 Physiological and Agronomic Maturity. African Journol of Bioteclnelogy 2 (2):
-39,

Mrtey, F. (1980) . Toxicological Aspects of Cyanogenesis in Tropical Foods. In: Smith.
R.L.. Bababumni, E.R.. eds. Toxicology in the Tropics. London, Taylor &
Francis.pp. 53-73 (cited in JECFA, 1993).

Obidos, A, ct al. (1991) .Coumarin Compounds in Cassavs Diets: 2 I{ca. Ith
Implications of Scopolctin in Gasni. Plant Fouds for Humian Nutriion. vol. JI,
Pp.283-289.

Onishi, T.(198.1), (Morpholinc : Studics on Mutagenicily of the Food ;‘;’;ﬁ“&*
Motpholine (Fatty Acid Salt)). Nippon Eiscigaku Zasski, 39729743 (i

iapancse wilth English Summaiy).

Chioride during the Chlorination

Otya T., Kanno, S. (1987). Formation of Cysnogen 4 Ammonjim lon. Joueual of

ol Waler Containing A romatic Compounds e
Pharmaccistical Scic nces. 76:5128,

¢ Contamination of the Aunosphcric A

J the Toxicily £ {Tects of Such Csanide

prethicl Resed™® h 3:19-23.

2 N, (2001) .Cyanfe
wcwm [rocesSmg

Olcafm .P,'N.. .\flndk‘llb‘wu. E.N. (2000) C.)nnid
Dur!ng Large Scale “Gari* Processing an
Equivalent on Rat, African Jonral of Bie

Rabor. PN Okoro ko. C.O.. Alanem, F.O., Madusbwtt

! ; orce scdle
“Mamination of natural water sourccs d":fﬂ?.' 278_
Wrican Jounsal of Htomedivol Reseat ch. 42

Foou Chemistiy: & 97- 109,

. he
Hign Ttiorls) totl
?ngﬂl (Aﬂmfh”
| Institute of

s O:{1980). ‘roxicity of Cyanogenic Clycosides: o
Ugho oy Projects G1vin
' Bede N. (1999). Nutritiona! |mp|1Cfﬂ.l0"S(a>fi L %u: Case 0
foduction of Staples of 1.ow NUI"‘_':: \frica Internationd
escilenra,) in the Humid Tropies Of £
1opical A gricultuge, Ibadon. Nigena

AFRICAN D‘ﬁ'TL HEALTH REPOSITORY PROJECT



Okalic. N.P~ Osagle. A.U. (1999) Liver and kid ... .
Changes Induced in Rabbis by Chlbnicx(‘:‘::;:? dléqnons and Associated Enzyme
Toxicology, 37:745-750. Exposure. Food and Chemicat

moilt N.Po. Imaﬂ)‘a. CU.(2003) Somc }!‘ 2
4 .. 3 - “ 15'0' T 3 s
Mmg.al.lon o't' Cyamde-induced Tisgye Lc(s)g::lb:nglg: oc.!:;mm! Evidence for
Administration in Rabbits. Food Chem, TOXiCOI.-"';Iﬁg::Ga;“ Wil

Okoli. B. E. and Mgbeogu, C. M. (1983). Fluted Pumnki -
Aftican Vegetable Crop. Economic Borg 0. ;%T .islie’fgcg‘na s g

Olswolc, O.S.A. Onabolu. A.Q., Link H, Rosling, 11.(2000) .Persisticnce of Tropicat

Awxic Neuropathy'in a Nigcrian Community, J Neurol Ne
69: 96-101 (PubMed). ’ Neurosurg Psychiary

Osuntokun, BB. O- (1968). An Ataxic Ncuropathy in Nigeria, A Clinical, Biochemical
and Electrophysiological Siudy. Brain 91, 215248.

Osuntokun, B. O.. Aladetoyinbo. A. and Adesja, A. O. G. (1970). Free-Cyanide Levels
in Tropical Ataxic Neuropathy. Lancet 2 (August 15), 372-373,

Osumokun, B.O, (1973). Aloxic Ncuropathy Associated with High Cassava Dicts in
West Africa. In: Nestel. B., Maclntyre, R.. eds. Chronic Cassava Toxicity:
Proceedings of an Interdisciplinaly Workshop London, England. 29-30 Januasy
1973 . Outowa, Canada: Intcmational Desvclopment Rescarch Centre, 127438,

Gunlokun, B.0, (1981). Cassava Dici: Chronic Cyanide Intoxification and Neuropaihy

in the Nigertan Alricans. World Review . Nutr- Diet. 36, 141- 173

. . C
Padmaja, G5.(1995). Cyanide Detoxilicaiion in Cassava for Food and Feed Use. Cntical

Reviews in Food Sciences ond Nutrition. 35:239-339

51z In?

hdmaj 3, G. (1996). The Cul prit in Cassava Toxicily- Cyanogens or Low Piotein
CGIAR Ncws 3(3), 1l

Cyamide Intoxication and

Central Trapsmitter Systems. Fundam. App

. Auide Poisoning by
Petersen, 1, ¢*, and Cohen, S, D. (1985). Antagonism Or%f Phorniocol, 81,265-273:

Chlomromazinc and Sodijumtiosulfaic. Tovical A ’
1.C. and Thomson. R . (1979).

Pilbricy 1y, Hopkins, J B.. 1lill, D.C. Alcxonder. ding in Ruts Josmal of

. ¥ t I"“
Effeets of Prolonged Cyanide Ind Thio?;‘?;-cﬂ)z.
Toxicology and Environmental Healih i je. Cyanides.

"nc;m s Phormox olog)'
ay, pp. 1180- 1205,

bon Momo

R%' - Car
F. (1971) Noxious Gases and v?’ﬂ:ﬁ :jccpa!ma JR. ed
Methemoglubin and Sulfhe moglot‘?(m-.\’ccm“ {iill Book Compa

" Medicine, Ith cd, New York.

AFRICAN lelm HEALTH REPOSITORY PROJECT



iy . (1994). Measuring E1Tect in 1 vifers
Cawova. Acta Hon. 375:274-2g3 "4 of Dictary yanide Fxposre fiom

Shubat, J. Brill, WA, (1968) Antagoni
: . X 8onism of Experj i )ity i
Relation to the I vy Activity of Cy loghrﬁtxrsg:‘m Szm:: o
Pharmacology: undd Experinentol Ixcrapeutics, 162:352;3;9 .

Sdwiliz, V.. Bonn. R+, Kindler. ). (1979). Kincuics of Elimiration of throcyanate m
healthy subjects and 8 subjects with renal Fatlure, Alinische iWocherschrift 87 243

Hr

Shehz, V- and Roth. B (1982) Detoxilication of Cyanide in A New-borm Chiid. K
Wochenschr, 60: §27.528.

Schultz. V. (1984) Clinical Pharmacokinetics of Nitoprusside, Cyanide. Thiosulphaie
and Thiocyanate- Clinical PhaimacoXinetics. 9: 239-251.

Setwatz,C.. Morgan. R. L. and Way, L. M. et al, (1979). Antagonism of Cyanide
Entoxication with Sodium Pyruvate. Toxiwol 4ppl Phurmacology 50:437-11.

W2, A, Kamel, §.14. Salama, A. and Arbid, M.S. (1979). Ocstrogenicity of
Corchorus olitorius L. secii oil. Egvptian J Vet Mrd, 14(2):87.93.

2. R.P. (1993). Cyonide Contpining Foods und Poieniial for Feul Malformanons
In: Sharma RP, ed. Dictar Factors and Birth Defects. Sap Francisco, CA.

American Association for the Advancement of Science. Pacific Division, pp.

332.348,

1101, Blamberg, D.L- and Winer. J.I5. L1973),

Animxals 8 1 =7

I G.(1996),
ick. $.D.and Goodman 96),
plrl'll Kl<k of Cyanide Comyrounds in Soils

vy Joxxwloge oml

%w‘,h,"'\* Dickey, 11.C . Brugmnn,
Zinc Deficiency in Female Robbits, Laboritory

Sifnin, NS.. Beck, B.D.. Gouther. T.D. Cho
Chemistry, oxicalogy and I tuman Hlea :
al Former Manufoctured Gos Plont Sites Regilus

!’lwrmacolam- 23 106116, ‘
(5.1".. Goniigh, .1 (2002). Drocs

S, A I}.. Sota-Blanco, (3., Guerre, J.1..s ’f""“‘"':;
Prolonged Oral 12xpasure 1o Cyanide ' ;““ i
“cph"otoxicily? Toxtcology, 17.4:87-9°,

[[cpatonw xicity ol

in
wwanlde 1¥tos Iikali(‘l?
N, [ ¢, el al. (1996} Cyun sondom A Tateo!
n.:’. r::‘:s:&? .[(';J /:(.: (l:‘"::ll‘:g :;‘j‘:'&}“ﬂ [ ow Prnein Discs. I X

4 p cionsir
32:66.7)

o

AFRICAN Ibl‘”AL HEALTH REPOSITORY PROJECT



silvester, D. M.. Hay'ton, W.L | Morgan, R _ : |
Thiosulfatcon Cyanide Pha-macokinctic: ':: l‘)Ogsvn}' jI:L. '“383)' Szl
69:265-271. - foxicof. Appf Pharmacol

Solution: An CiTective Antidot ok vl L
3+ 319-23. Antidote for Acute Cyanide Poisonmp, Am J Emer Med

~ Tene, 0.0., Maner, J. 1. (1981), L.ong-termand carey-over efect of dictary inorganie

cyanide (KCN) in the life ¢y cle performance and metabolism of rmts. 2oxicology
and Applied Pharmacology., Volume 38, p, 1-7.

Toe-Agbidyc. J., Palmer, V.S., Lasan:v, M.R.. Caig, A M., Blythe, L.I. . Sabri M [,
Spencer. P.S. (1999). Bioactivation of Cyanide to C yauwte in Sulfur Amino Acid
Delicicncy: Relevance to Neurological Discase in 1lumans Subsisting on
Cassava. Toxicologlcal Scivncey, $0:228-235.

Towill, L. :-, Drwry, J. S..Whitfield, B. L., Lewis E- B+ Galyan: - 1+ and llsmmoas®
S{1978), Review of the Environmientn! Effects of Pollutants Cyamde. Document
Prepased for the Health Efitels Rescarch Laboraioiy, United States

Environmental Protection Agency, Cincinnati, Oll.

Tolsawani, R K., Debnath, M., Pant, S.C.. Kumar, O.. Prakash, .»\:O.. Vijq)aragh_nsa{\.
R. Bhatacharya, R. (2005): Effect of Sub-acule Orai Cyanide admu;[stmg:c |rrr|‘
Rats: Protective Eficacy of Alpha-ketoglutassie and Sodium Thiosullate

Biol Interact. 10; 156 (1):1-)2.

ing, 11.(1992).
Tylieskd2r, 7., Banca. M., Bikongi, N., Cooke. R.. I’ouil;, N. nn;)iilloslmé.ult:d s )
Cassava Cyanogens and Konzo, an Upper nfotor Neuron Vliscasc

Alrica. Lancet 339, 208 . 211

P : 19943 Konzo in
T’"“kaﬁﬂ e ¥ chuc‘ C.. Petcrson, K., Kp[nzjngu;. Eq,G,IS{CCLﬁf. P.( )
Central African Republic. Neurolog" 44,9-9.

k- Linden, B..
‘tanius, SM . Stalberg - '
;l.[g:d Rosling. !l (1993): Korzo A

T)lleskasy, T.. Elowlett, W.P., Rwiza. | 1T, A4
Newron Damage /

: o
Mandabl, A.. Larsen, H.C., Drubaker. \Molof
Distinc | Discas= Entity with Selective Upper H10%0

Newrol, Ncurosurg p»ripiatG‘SG' Ll Health Efccts
Health
ental Projection Agcnc);‘l Cricsis and

USEpA (198.). Unitcd States Envirunm 56011, Em isonmen

Atsessment for Cyunhde, EPN 540/
Assessnyent Office, Cincinnati

Drinking iFer

(] Protection ABeRCY: | Criteria

USEPA (1985), United States Environmen o X-84-192-1. F
Criterra Docnmertt for ().*3"““ F . |
and Assessment Office. Cincindti: sred With | |ydrogen Cyanide

; ts /A4S0C ; l'mmcﬂm
Ly EPA (1990}, surmasy Reviewof ”‘-’::‘:;:g::&c [‘ol ?:;C;\IU(? :,:"mfg.oomm
Healih v Asscssment RE3O vcloghe
P’“aiil;:lu:;cncy. Offige Of Rescd

AFRICAN DIGITs\n-lEALTH REPOSITORY PROJECT



S EPA (1993). Methuds for the Determinak
~ Emouromenial Samplcs, Washinm:m {;? :{:’E"‘xﬂﬂ&' Sabaiepy oy im

Office of Research and Development. Avgust (EP Amlw Apxx)

LS EPA (2002). Danking Waler Critcria Dooumen! foe C , ‘
- Metabolites. Reared lor Health and Lcologs 2o Chloride and Potenial

ical Cntevia. Dy iss :
Technology. Washington DC, niena. Disviswon of Scionee and

Van llest. A-N-P'.. Douz.e J- M.C., Van Kesteren, RG., VanBergen. J EAN_ Van
D A. (1987) .Therapeutic Problems in Cynnide Poisoning, Clmical Texko!ss.
:25:383.98.

Valleysy, ANP., Mecedih, J 4, (1990). Antidotes (or Chanide I'oisoning.In Basic
Sence in Toxicology edited by Volaiis, G. N. Sims. J.. Sullivan. F_ Tumner, P,
Brighton. Taylor and Francis: pp 558-66.

Vexbtuaren. K. (1983), fHewulhaok of Emvirvnmentul Data on Organic
Chemicals. Second Edinion. Van Nostrand Reinbold Co- New Yok, NY-

¥e=er, J_(2000)," Plant Cyanogenic Glycosides® Tasicon. 38.11-36. DOI* 1016:S004

Vit ). A. and Froclich, 11 L. (1985). Studies on Cyanide Poisoning' Arch’ Inr
Phortnacodynamics. 273: 314-322

W, §_M. and Breyer-Brandwilk, MG, (1962). The M.;J.fciml and ﬁdw Plants
of Southern and Eastern A frica. 2nd od. £.and S. Livingstone, 4G,
Edinburgh and L.ondon.

; _gylvester, Do Wy 1.
%2y, L.L.. Tamulinas. C.B. Leung, I~ Ray, b- Hrzqmﬂm.ls sz; of:,‘r) AR
and Chiou. I, (1984). Pharmacoicgic ond T-O?-'gllog.c
Antagonism. Proc West Phannacol Soc. 27: |
Its Antagonism. In Counide /

of Cyanide and Westley, J- and Wissing,

$1:).L. (1982). Pharmacoiogic Aspects & Ca Ly

in Biotogy: ( Vennesland. 3., Conn.
F.Eds ), pp. 29-49, Academic Piess. N York. L,
o f ith 5. dimethylam :
Vege N1, (1983) Treotment of C)’nnidi (I;OH:)‘:L':? ‘;__::h ; nial Applied Tozaulog”
7y 0a 1at (4 A .
(OMAP): i xperimcntal and Clinieot Ob

' 9
3.387-96 Sulphur Transfcrascs

The
wﬁllcy, ) Adler, H., Westloys | Nishlus. ¢.(1983)

5 i lad I(ing (rom the Use of Funiga :l \s
‘"‘(i%i) I:valuatinn of 1lasaids 10 Consuners I, .lin% i of N0 Eraimities
in the rotection of 1004, Report © e
on Pesticldes in Agdeuipure and the cting Repot e PIgesHeY:
L3174 Fxpen Committee on Pestic jdes Restdue, FAO

WHO Food Series 28:65

AFRICAN DIGIT!L‘-lEALTH REPOSITORY PROJECT



0. (2004). Hydrogen Cyanide and Cyanides-
Switzerland: World Heath ﬂwgunifmk:i‘:*g’“mm Health Aspects, Geneya,

whan, J. (1965). Leber's Hereditary Optic Atrophy: - :
\fetabolisny. Clinical Science, 29. 505_5;05? Yi A Possible Defeciol Cyanide

Yusan. J, (1987). Cyanide in Hluman Disease, |

: : n: Clinical and E:
Toxicology of Cyanides. Edited by 3. Iia and Experimental

llantyne et, al.. Weight. E p.293-311.

adlams, R.1. (1959). Detoxilication AMcchanisis, 2nd ed. 1.ondon, Chapman and
Hall, p. 393

Yood J.O. Pecsker. S.J. (1975).Anticonvulsive Action of GABA Llevaiing Agenis.
Journal of Neurochemustry; 26:277-82.

Ymmamolo, H.A (1990). Protection against Cyanide Induced Convulsions with ajpha-
ketoglutajote. Toxicology: 61:221-8.

Yo, MJ., Braitberg, G. (2004) .Carbon Monoxide and Cyanide Poisoaing in Fire-
related Deaths in Victoria. Australia. J Toxicol Chin. Toxicol; 12 855 -863.

AFRICAN Dl("liL HEALTH REPOSITORY PROJECT






