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ABSTRACT 

There is o risk of cyanide poisoning in Nigeria through cnv1ronmcn1ol exposure ond 

consumption of improperly processed cyanide cont:iining foods. Sulphur conl31ning 

:inilno acids in vegctoblcs like Vcn1011ia a111ygda/i110 (biucr leaf) nnd Tali1111111 

1ria11g11/art: (,voter lcnf) hove potcntilll detoxifying effects on cyanide po1sontng. 

Ho\\evcr, there is dCllrth of inforruotion about the amehoroting effects of these 

vegetables on cynn1dc poisoning ,vbcn used ns dielnry supplements in :inim31 models. 

The study ,vns therefore designed to asscss the effect of these 1,vo vegei:ibles on 

induced cyanide poisoning in \Vistar rots. 

Thiny 7 ,veeks old \Vislnr rol5 \\•ith mean body ,vcight of (123.97± 17.7) gm, (124.9: 

16.7) gm. (141.4% 21.0) gm, (128.4: 23.6) gm. (145.0:1 LI) gm. (I 18.5::1:13.1) gm Md 

(129.l:i: 18.5) gm ,vcre fed on commercilll rot pellets ond ,voter ad-libitum for two 

weeks and ,vere randomly olloeoted 10 one control group ond five treouncnt groups of 

five rat5 each. Lyophilizcd ,v,11cr extrocts of Vernonia m1rygdali11a and Talinum 

1r1ang11/ar,: were reconstituted in ,voter to give o conccouution of 3mg/kg/doy. The 

groups ,,,.ere treated ,vith KCN ond aqueous vegetable e.(trocts bolh 01 dose of 

3mglkg/day by or:il govoge os foUo,vs: Aqueous KCN (group l): KCN o.nd Vernonia

mnygda/1110 extracts (g,oup 2): KCN ond Talinu111 1riar1g11/ore C.(troCts (group 3); 

Vernonia m11ygdali11a cxtrncts only (group 4); Tolinw111na11g11/are c.(tr.lcts only (group 

5). The control group ,vos Lrca1ed \\11th dutillcd ,voter only (group 6. Body ,\eight. 

presence of oeulor lesion. ond nasal discharge were doeun,cnted d:uly Elevated blood 

level of Aspitruite Amino Tnmsmuuse (AST) and Alonrne Amino-TronsmU1ASc (AL n

were used a.s ind1clllors for bver dnnugc. H1stop:ithological chQDgcs 10 lhc bnun, h,er. 

kidney 11nd spleen \li'c:re documenJcd. Data \\'ere 11D.Dlyzed using dcscnp11,e sl3llSllC:S. 

Student's t·IC:Sl o.nd ANOVA. 

Slimy nasal d1!>Chorge was found in 20.0,. of rots 1n group l nnd 9.8'1> in group 5 only. 

There were no v1s1blc signs or oculu l�1ons in all roL\. f'.lc:311 \alue-. for AST wen:: 

29.0%8.8 un... 33.0i:.S.2 un... 1s.12:1.6 un... 24 12:13.J un... t6.0:t7 2 un.. D.lld 20.1:t61 
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U/L (p>(l.05) for groups I to 6 respectively. Menn values for ALT ,vcre; 17.7±3.5 U/L, 

18.0:!:7.0 U/L. 22.3::8.6 U/L. 22.3:!:5.J U/L. 17.3±4.7 U/L ond 21.3±7,1 U/L (p>0.05) 

for groups I 10 6 respectively. Pocked cell volume significantly increased in group 4 

(45.2±3.3) :IS compnred with control (37.0:t4.4)(p<0.05). Haemoglobin s1gnific:intly 

incrca�cd in group 4 ( 14.0::2.3),vhen comp:ircd ,vith control ( 12.4:t-0.5) (p<0.05). 

Histopnthologic:il change� observed ,vith cyanide io group I ,vns: muhifocnl fnuy nnd 

ponnl l)mphocyuc degener:nion of the liver. congc:.tion. necrosis nnd glomcrulnr cast 

of the kidney nnd splenic lymphoid depleti()n. 

Ven1011io 0111ygdalino and Toli1111111 1ria11g11lore reduced cyanide toxicity in r:it.s 

implying that they have some detoxification propcnics.. BioilSSay fractionating o f  the 

vegetables is recomn1ended 10 i�olote and identify tile molecules responsible for the 

acti,•itic..\. 

Key" ords: Cyanide poisoning. \Vis tar rats. Venionia a111ygdali110, Toli1111111 1ri011gulore. 

Detoxific:nion. 

\Vord count: 448 
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CHAPTER ONE 

11''TRODUCTION 

I .J Background of study 

Cyanides nrc produced by certain bacteria, fungi, and olgoe nnd are found in o number 

of foods, plants and their products. In plants. cyanides a.re usually bound to surµir 

molecules in the form of cyanogc:nic glycosides and defend the plonl against herbivores 

(A TSDR, 2006). Cassava roots (Afan/hot esc11lcn1u), an important food gro\\'ll in 

tropical countries, con1nin cynnogenic glyeosidcs ,vhich an:: produced by over 1,000

plant species including commonly consumed vcge1:1bles (e.g. sorghum, almonds. 

cabbnge and turnips) (Osun1ol,."Ull, 1980). Cyanide i s  present in trace omounl in tobncco 

as hydrogen e)'llllide (HCN), olso in metal polishes (especially silver polish), 

elc:ctroplnling solutions, pyrolysis of \\'OOI, metallurgicol processes, industrial 

inrcnncdinlcs and the antihypcrtcnsivc drug. sodium niuoprussidc (Anon, 2004) 

�lnny cyanide-containing compounds ore highly 10-:ic, bur some nre not. Nitrites (,vhich 

do not rclco.sc cyanide ions) and hexnc)anoferralcs (fcrrocynnide nnd ferricyonide, 

,,here the cyanide is olrcndy rightly bound 10 an iron ion) hn,e lo\\' 1oxici1ies, ,vhilc 

most other cynnidcs ore dcadly poisonous (USEPA, 1984). Prussian blue, ,vith nn 

approximate formula Fc1(CN)11 is the blue of blue prints and is administered or;llly as 

nn nnridore 10 poisoning by thallium ond rodiooctivc coesium-137; the huge 

fcrrocynnidc onion is on cITe<th•e getter for heavy monovalent cations. The most 

dangerous cyanides a.re hydrogen C)'nnidc (HCN) nnd sallS derived Crom it, such as 

poto.ssium cyanide (KCN) ond sodium cyanide (NaCN), an1ong others. Also some 

compounds readily releruie HCN or the C)'nnide ion, such o.s trimelh) lsilyl cyanide 

(Cl 13)lSiCN upon contact ,vith \\'Oler and C )0anoocryl111cs upon pyrolysis (Sharpe, 1976). 

Many of the cyanides in soil and \\'liter come from industrial processes. The mojor 

sources of cyanides in ,,'liter are discharges from some metal mining processes. organic 

chc:micru Industries, iron ond steel plnnrs or monufocturers, and publicl)' O\\'Tled 

,wstewotcr treatment facilities (USEPA, 1985). Other cyanide sources include vch1cle 
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CHAPTER ONE 

11\'TRODUCTION 

1.1 Onckground of study 

Cynnidcs nrc: produced by ccrtnio bnctcrin. fungi, nnd nlgne nnd are found in o number 

of foods, plonts and their products. In plnnts. cynnidcs a.re usually bound to sugar 

molecules in the form of cyanogenic glycosides and defend the plont ngninst herbivores 

(A TSDR. 2006). Cassava roots (1\fan/1101 escule111a), on importo.nt food SJ"0\\'11 in 

tropical countries, contnin cyanogcnic glycosides ,vhich are produced by over 1,000

plant species including commonly consumed vegetnbles (e.g. sorghum, almonds. 

cabbage ond turnips) (Osuntol..'UO, 1980). Cynnide i s  present in trace an1ount in tobacco 

as hydrogen cynnidc (HCN), also in metal polishes (especially silver polish}, 

electroplating solutions, pyrolysis of ,,'001. meinllurgical processes, industrinl 

intermediates o.nd the o.ntihypcncnsivc drug. sodium nitroprussidc (Anon, 2004) 

�lnny cyo.nide-contoining compounds nre highly toxic, but some ore not. Nitrites (which 

do not release cyanide ions) and hexnc)nnofcrmtcs (fcrrocynnidc nnd fcrricynnidc, 

,vhcrc lhc cyanide is olrcody tightly bound to nn iron ion) hove lo,v toxicities, ,vhilc 

most other cyanides a.re deadly poisonous (USEPA, 1984). Prussian blue, \\ith on 

opproximotc formula Fc1(CN)ia is the blue of blue prints and is administered ornlly ns 

on o.nlidote to poisoning by thnllium o.nd rndioocuvc coesium-137: lhe lnrge 

fcrrocynnidc onion is on effective getter for heavy monovnlent cations. The most 

dnogcrous cyanides ore hydrogen cynnide (HCN) ond snits derived from it. such o.s 

polllSsium cyanide (KCN) ond sodium cyanide (NaCN), an1ong others. Also some 

compounds readily releo.sc I ICN or lhe cyanide ion, such ns trimethylsilyl cynnide 

(Cl l>)>SiCN upon conLOct ,vith ,,111cr nnd cynnoocrylotcs upon pyrolysis (Sharpe, 1976). 

Mon} of lhe cynnides in soil nnd ,wtcr come from industrial processes. The major 

sources of cynnidcs in \\1 ater arc discharges from some metal mining processes. orgnnic 

chcmicnl industries, iron o.nd steel plants or rnnnufacturcrs, nnd public!) 0\\1led

\\'IISIC\\-1ltcr tn:ntmcnt facilities (USEPA, 1985). Other C)11Didc sources include vehicle 
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exhaust, releases from certain chemical industries, burning of n1unlcipnl ,vnstc, nnd use 

of cyanide-cootnining pesticides. �1uch smnller amounts of cyanide 01ny enter \\Uter 

through storm ,voter runoff ,vhcrc rood salts nrc used thot contains cyanide. Cyanide in 

londlills can contominotc underground \\'liter. I lydrogen cyanide. sodium cyanide, ond 

potassium cyanide arc the fonns or cyanide most likely 10 be in the environmen1 as 11

result of induslrial nc1ivities (USEPA, 1985). Hydrogen cyanide is o colorless gns \\ith a 

foint, bitter, olrnond-like odor. Sodium cyanide and potossium cyanide ore both ,vhite 

solids "ith D slight. bitter, Dimond-like odor in drunp oir (USEl>A, 1985). Cyanide snits 

nod hydrogen cyanide nrc used in clcctroploting, metallurgy. organic chcn1icals 

production, photographic developing. manufacture of plastics, fumigation of ships, and 

some mining processes (USEPA. 1985). Hydrogen cynnide has Dlso been used in gos­

cbnmbcr executions ond as a \\'Or gos. Chlorination of water contomino1ed \\1th cyanide 

produces the compound cyanogen chloride:. Four incidents of cyanide in soil resulted 

from disposal of eyanidc-conlllining \\'OStes in londlills nnd use of cyanide-containing 

road snits (USEPA, 1985). TI1iocyonatcs ore n woup of compounds formed from 11

combination of sulfur, carbon, nnd nitrogen. Thiocyonotes ore found in various foods 

ond plants; they ore produced primorily from the reaction of free cyanide ,vith sulfur. 

TI1is reaction occurs in the environment (for example, in industriDI \\':lSte).The toxicity 

of hydrogen cyonide to humans is dependent on the nature of the exposure (ATSDR., 

2006). 

Thiocyn1U1te is o dctoxilic.ition product of cyanide. Various synthetic thiocyanntcs bo,e 

been ,videly used as contact insecticides since the 1930s (USEPA. 1985). LO\\' 

n1olecular \Vcight hon1ologues, such as methyl, ethyl ond isopropyl thiocynnntcs arc 

volatile liquids sometimes employed as insecticidal fumigants. Long chnin derivatives 

and certain esters ond c:thcrs ore oily liquids marketed as dUS1ing po\\-dcrs and kerosene 

based sprays (Borr, 1966). 

�!ethyl isocyanate i s  on intermediate in the synthesis of  cnrbamotc pesticides, such as 

corboryl, methomyl and temik. There is n gro,\ing market for HCN in the synthesis  of 

methionine used in animDI feed. Ammonium thiocyanate is used ns o cotton defoliant 

ond sodiun1 thiocyonotc has been applied as a weed killer (Former, 1977). 
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Determination of cyanide in the body fluids. such ns saliva, urine nnd blood serum is 

insignificant due 10 instability of cyanide in-vitro (Bnrr, 1966). nnd very lo,v 

concentrations encountered in biological materials. In this case, dc1cnnina1ions of 

thiocynnatc in scrum and urine have been irnplicated. And since the conccntrarion of 

thiocynnnte in serum is npprecinbly high ,vhen compared 10 thnt of cyanide, estimation 

of thiocynnnte in biologicnl fluids n1ny serve ns index of toxicity (Borr, 1966). 

The main route of cyanide detoxificnlioo is a pathway thnt utilizes thiosulphatc as a 

subs1J111e for the enzyme thiosulphotc: cyonide sulphur lrollsferose, belier kno,vn as 

rhodnncsc (Lang. 19)3). It is evident that ,vhcn rola1i,•cly large but nol acutely toxic 
on1ounts of cyanide ore ndn1inis1crcd 10 cxpcrimenlnl nnimnls, !hero is a corresponding 

increase in Ilic conccnlrntion of thiocyonotc in the tissue fluids. nnd in the amoUOI 

c.xcrctcd io the urine (Stoa, 1957). !3ut n high inslantnncous dose ,viii rapidly lead to

increase Lissuc levels and symptoms of in1oxica1ion. "hcreas, aboul I On1i; (0.4nmol)

cyanide cnn lcmporalty be ncu1ralized by a rcversibft: reaction ,vith the rnethnemoglobin

fraction in the red blood cells (Lundquis1 el al.. 198S). It is nlso reported 1h01 by o

rcnction ,vllh sulfnn-sulfur originn1ing fron1 dietary sulfur amino acids, tlle CIIZ)-'llle

convens the mnjori1y of o cyanide dose 10 the less toxic thiocynnn1e (SCN), which is
excn:1cd slowly in 1he urine (Rosling. I 988). l\1oreover, the conversion role of cyonide

to SCN in \\'Cit nourished adults is about SO-I 00mg (2 -4nmol) cyonidc/24h (Schultz,
1984). and 1hc ra1e-limi1ing step is sulfur avnilobility and the snfe dose rare of cynoide

inw.kc from die1ory sources. It i s  probable that reduced protein inw.ke nnd resulting lo,v

sulfur availability may reduce the detoxification r:ue. Hov,cver, subjects ,vith very lo,v
inw.ke of protein, and hence sulfur, ore oble to form at least O.S nmol of SCN/24h

(Tyllesknr cl al., 1992).
Since 1hc major path1voy for detoxification of cyanide is by its enzymrc lrnn.SUlphumlloo

to tlliocyonate, \\hich is excreted by the l...idnc). And it \\'US reported that eliminaliifn of

thjocyonate \\'US pmc1icnlly "holly rennl, Wld the elimination conslllnts ,vcrc inversely
proportional to the creatinine clearonccs (Schultz c1 al., 1979). There me n,-o enzyme

systems responsible for the trunsulphuration process: thiosulphatc cyunidc

sulphurtronsferase (rhodW1cse) nod 13 mcrcaptopyru,atc cyanide sulphurtmnsfcrnse

(Sorbo, 197S). Rhodoncse, found in mitochondria, and cat.nl)scs the u-an.sfcr of a
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sulphane sulphur atorn from sulphur donors to sulphur acceptors has been implicated In 

the basic reaction involving detoxification of cyanide by conversion to thiocyanate 

(Lnng, 1933). ll1c sulphur transfcmscs cllllllyzc the formotion: inter conversions ond 

rcoctions of cornpounds conltlining sulphane sulphur atoms (\Vay, 1982). Overall, 

sulphnnc sulphur is derived from me�ptopyruvatc sulphur tronsferosc, and the vorious 

form of sulphone sulphur is interconverted by rhodnnese. I he sulphanc carrier thot 

transports lhe sulphur formed is plnsmn albumin; the sulphanc sulphur - olbumin 

complex then reacts ,vilh cyanide. Binding is  sufficiently firm ond ph11I1Docokinctic 

studies indicotc I.hot L11e conversion of cyonide to thiocyanate is prcdon1inontly in the 

cent.ml compartment, \\ilh a volun1c of distribution approxin1oting to that of blood 

volume (\Vay, 1982). Thus. it is possible that Lile plasma albumin sulphane complex is a 

primnry cyanide detoxification buffer in normal metabolisn1 (\Vay, 1982). Other minor 

detoxification pathways for cyanide include:: exhalation in breath as HCN and carbon 

dioxide from ox.idotivc rnclJlbolisrn and erythrocytes have been reported to hove ltigh 

affinity for cyanide. and there is n ropid uplllkc of plasma cyanide by erythrocytes 

(Schultz, 1984). TI1c.sc efficient detoxific111ion processes prcvenlS long•tcm1 

bioaccumulotion of C)'nnidc. TI1us. if acute exposure is to o sub lethal dose of cyanide, 

this rnny lead to the developrnent of signs of toxicity, but os detoxification proceeds, 

these signs will omcliorotc and disappear, nnd cyanide ,viii be excreted os thiocyanate 

,vithout biooccumulation. 

TI,e LCSO or LDSO (the concentration or dose that is lethal to 50% of the exposed 

population) for gaseous hydrogen cyanide is I 00-300 ports per million. Inhalation of 

cyanide in Lllis range results in death '"ilhin I 0-60 minutes, \\'ilh death coming more 

quickly ns the concentration increases. Inhalation of 2,000 parts per million hydrogen 

cyanide causes death ,vilhin one minute (ICt-11, 2006). The LOSO for ingestion is 50-

200 1nilligrnms, or 1-3 milligrams per kilogram of body \\'eight. C4lculotcd ns hydrogen 

cyanide. For contact \\ith unbroided skin, the LD50 is 100 milligrams (ns hydrogen 

cyanide) per kilogmm of body weight (ICMI, 2006). 
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1.2 llationalc ror the study 

Plants contoining cyanoglycosidcs nrc tho main sourc.c of cyanide exposure for 

individuals ,vho arc not occupa1ion11lly exposed to the chcn1ical. Foods contoining 

cyanogenic glycosides form the suiple food in several con1n1uni1ies in Nigeria, thcreb}, 

general popul:uion is exposed 10 cyanides primarily by ingestion of the staple food 

(Osuntokun. 1981). Also to a lesser degree, by inhalation from combustion or pyrolysis 

of certain materia.ls under oxygen-deficient conditions such plastics. exhnust of internal 

combustion engines and tobacco smoke (J\non, 2004). Cyanide is extremely toxic and 

fast acting poison; ho,vcvcr, it con be detoxified to a eertoin extent in human body 

(Clnrk et al .. 1991 ). Since cnssnvo cun ,vithstond drought, it is son1ctimcs o nutritionoll}

strategic famine reserve crop in areas of unreliable rainfall, therefore the need to 

identify the nutritional problems associated \\'ith c:issava dependency nnd the use of 

home gro,vn vegetables in abating this toxicity especially in improperly processed 

cassava based foods is important. Vegetable species steins ore noted for their rich 

contents of essential ,uni no ncids, vitnmins nnd minerals. Further to their rich content of 

the mi:ntioned nutrients, it is esuiblishcd that green vegetable leaves ore the cheapest 

ll!ld most abundnnt source of proteins becnusc of their nbility to synthesize amino acids 

fr0111 a ,vide range of \'irtuoll} availoble prin1ary materials such os ,vntcr. cnrboo 

dioxide, and atmospheric nitrogen (as in legumes) (Fasuyi. 2006). 

1.3 OIJjccti,•c of lhc sludy 

111e objective of this study is 10 determine the effectiveness of l'er11011ia an1ygdali11a 

(Bitter leaf) and ToU1111n1 trlangulare (\Voter le.if) in the deioxificotion of cyanide using 

rats as o model. 

IA Specific objectives 

The specific objectives \\ere to; 

i. Reproduce lhe toxic effect(s) of cynnide in rats

ii. lnvcstigote lhe efficacy of Ver11011la omygdalina (E,vuro) ond Tali11u111 trlo11,g11/urc

(Gburc) in coun1crocting the 10xic effect of cyanide into:<icntion in the animnl n1odcls. 
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1.5 Limi1111ion or the study 

i. The innbility of oblllining the sulphur containing amino acids (methionine nnd

cystcin) ns s1nnd11rd references. 

ii. TI1e inability 10 monitor plasn10 levels of cyanide in c:xpcrimcntnl nnimals.
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CHAPTER T\VO 

LITERATURE RE\'IE\V 

2.1 Description of cy11nidc 

Cyanide is 11ny chernicnl compound lh:11 contains the cyono group (C!!N), \\'hich 

consists of 11 carbon ntom triple-bonded to n nitrogen atom. Inorganic cyanides are 

generally salts of the onion CN'". Of the mony kinds of cyanide compounds, some are 

snscs; others ore solids or liquids. Those thot con release the cyanide ion CN'" ore highly 

toxic. Cyanides comprise o ,vidc rnnge of con1pounds of varying degrees of chemical 

complexity. nil of ,vhich contain n CN n1oic1y. 10 "hich hun1nns ore exposed in gas. 

liquid. nnd solid form from n broad range of notuml and anthropogenic sources. \Vhile 

mo.ny chemical forms of cyanide ore used in industrial application or are present in the 

environment. the cyanide onion CN'° is the pri,nary toxic agent, regardless of origin 

(\VI 10. 2004). 

I lydrogcn cyanide is produced by the c.01nbus1ion or pyrolysis or certain m:ueriols under 

oxygcn-dclicic:nt conditions. For c.:xnmple it can be detected in the exhaust of internal 

combustion engines and tobacco smoke (Bnud cl of. 1991 ). Certnin plastics, cspccinlly 

those derived from ocrylonitre, reh:nse hydrogen cyanide \\hen heated or burnt (Bnud c1

al. 1991). I lydro1,tcn cyanide is n colourlell or p.,lc blue liquid or gos \\ith n fa.int bitter 

nlmond-llke odour. It is used primarily in the production of subsl.O!lccs such as 

odiponitrilc:. rncthyl n1c1hncryla1e, cheloting agents. eynnuric chloride, methionine nnd 

its hydroxylated analogues, and sodium and polnssium cyanide. Hydrogen cyanide is

nlso used os n fumigant in ships, railroad cars. large building.5, groin silos, and Oour 

mills, ns well os in the fun1ign1io11 of pens nnd seeds in vacuum chambers. Other 

cyanides, such ns sodium and potllSSium cyanide, ore solid or crystalline h) groscopic 

salts ,,idely used in ore ex1r.1c11ng processes for lhc reco, cry of gold nnd sih er. 

electropl.iting, case-hardening of steel, base metal notation, melDI degreasing. dyeing. 

printing. ond photography (\VHO, 2004). They ore nlso ,,idely used in the synthesis of 

organic nnd inorganic chemicals (e.g., nitrites. cnrbox)1lic acids, amides, esters. wid 

amines; hcn\'Y n1etnl cyanides) ond in the production of chclnling agents Hydrogen 
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cynnidc is formed during the incomplete combuslioo of oitrogcn-conlllining polymers. 

such as certain plastics, polyurethanes, and \\'ool. 

2.2 Sources aod uses of cyanide 

2.2.1 Sources ond potential exposure 

Cynnide enters air, ,voter, ond soil from both natural processes ond industrioJ octivilics. 

Airborne cyanide is gcoeroJly fnr belo,v levels thot \\'Ould cause concern. 

Cyanide in air 

In oir. cyanide is present mainly ns gaseous h}'drogcn cyanide. A srnnll nn1ount of 

cyanide in oir is present as fine dust particles (Dinco et al., 1972). TI1is dust eventually 

settles over lond and \\lllter.Cynnide is used in a nun1ber o f  industries nnd is found nt 

lo,v levels in nir fron1 car exhaust (Dinc:i et al., 1972). 

Rain nnd snow help rcn1ovc cyanide pl111icles from nir. The half-life (the tin1e needed 

for half of the n1aieriol to be rcn1ovcd) of hydrogen cynnide in the atmosphere is about 

1-3 years (Dinco et al., 1972). �lost cynnide in surface ,,-oter ,,<ill fonn hydrogen

cyanide and t\'opornu:. I to,,ever. the amount of hydrogen cyanide formed is generally 

not enough 10 be ham1ful to humans. The C)'Onide content in unpolluted oir overages 

0.160-0.166 ppn1 (0.180- 0.187 rng/m3
). Cynnidc levels in smoke from U.S. 

commercial cignrettes range from IO to 400 µ sf cigarette for mainstream (inhaled) 

smoke. and from 0.006 to 0.27 µ g/cignrene for side stream smoke. Antl1ropogcnic 

sources of cyanide released into the environment ore diverse. I lumnns nrc exposed to 

gos, liquid and solid fom1S of cynnide from o brood range of nruurnl, industrinl and 

nnthropogenic sources. t--lnny chemicnJ fonns of cynnidc ore oJso used in induslrioJ 

opplicntions or ore present in the environment. 1"he cynnidc nnion CN" is the primnry 

toxic rcgru-dless of origin (\\1110, 2004). Sources of cyanide relcnscs from industncs 

include chemical monufocturing and processing planlS such os mctnllurgicaJ Md mcll1! 

ploting industries nnd extraction of gold and silver from lo\v•grodc ores. Other soun:cs 

include volotili2111ion from cyonidc \\11Stcs disposed off in landfills nnd ,vnstc ponds, 

emissions from municipal sohd \VOStc incincrotors, b1oma.ss burning nnd fossil fuels 
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cynnidc is formed during the inconiplcte combustion of njtrogcn-contnining polymers. 

such ns certain plnstics. polyurclhnncs. aud ,vool. 

2.2 Sources and uses of cyanide 

2.2.1 Sources 11nd potential exposure 

Cynnide enters air, ,voter, ond soil from both nntuml processes and industrinl activities. 

Airborne cyanide is gcncrolly far lx:lo,v levels lhot ,,·ould cause concern. 

Cyanide in air 

In oir. cyanide is present mainly ns gaseous hydrogen cyanide. A small nn1ount o f  

cyanide in Dir i s  present ns fine dust p3rticles (Dinco el  al., 1972). 111is dust eventually 

settles over land and ,va1er.Cynnide is used in a number o f  industries nnd is found at 

Jo,v levels in nir fron1 car exhaust (Oincn cl ol., 1972). 

Rnin nnd sno,v help n:n1ovc cyanide pnrticles from air. The half-life (the time needed 

for hnlf of the material to be removed) of hydrogen cyanide in the atmosphere is about 

1-J years (Oinca el al., 1972). �lost C)•nnide in surface ,vater ,viii fonn hydrogen

cyanide and evnporotc. However, the an1oun1 of hydrogen cyanide formed is generally 

not enough to be hnnnful 10 humans. TI,c cynnide content in unpolluted oir overages 

0.160-0.166 ppm (0.180- 0.187 mg/ml). Cyanide levels in smoke from U.S. 

commercial cigarettes range from IO to 400 µ g/cigorenc for mllinstrcom (iohnlcd) 

smoke, and from 0.006 to 0.27 µ g/cigorenc for side strcnm smoke. Anthropogenic 

sources of cyanide relenscd into the environment ore diverse. I lumnns ore exposed 10 

gas, liquid and solid forms of cyanide from a broad range of nntuml, industrial and 

anthropogenic sources. Many chemical forms of cynnidc ore also used in industrial 

applic.itions or are present in the environmcn1. The cyanide onion CN" is the primllt)' 

toxic regardless of origin (\VHO, 2004). Sources of cynnidc releases from industncs 

include chemical manufacturing and processing plants ruch ns metallurgic.ii ond mc1lll 

plating industries and extraction of gold and silver from lo\v-grodc ores. Other sources 

include volalihzotion from cyanide ,vns1cs disposed oJT in landfills and \VO.Sic pondli, 

emissions from municip:11 solid ,vostc incinerators, b1oml1Sl, burning nnd fossil fuels 
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combustion including vehicle en1issions, fu1nigation operations and tho production of 

coke or other coal carboniZlltion procedure (\VHO. 2004). 

I lydrogcn cyanide is a product of co,nbustion. including the exhaust of internal 

combustion engines, tobacco sn1oke, and especially some plastics derived from 

accylonitrile (bec8usc of the lauer efTect, house fil'l?S can result in poisonings of the 

inhabiLBnts,) Potassium fcrroeyanide is  used to achieve a blue color on cost bronze 

sculprures during the final finishing st.age of the sculpture. On its 0\\11, it ,viii produce a

very dnrk shnde of blue and is oficn mixed ,vi(h other chemicals to acl1ievc the desired 

tint and hue. It is applied using a torch and paint brush ,,•hilc ,vcaring the standard 

safely equipment used for any patina application: nJbber glovl!S, safety glasses, and a 

respirator. The actual amount o f  cynnide in the mixture varies according to the recipes 

used by each foundr
y (ATSDR, 2006). 

Cyanide in wntcr 

Some cyanide in \\'Oler ,viii be transformed into less honnful chemicnls by 

microorganisms (plants and animals of very small size), or ,viii form a complex ,vith 

metals, such os iron (ATSDR, 2006) .. Cyanide is able to pllSSes through soil into 

underground \\'llh:r. Less is kno\\11 about ,vhat happens to thiocyanate \\'hen i t  enters the 

environment. TI1c cyanide content in 99.8% of public ,vnter systems using ground\\,itcr 

in the United Slates beL\\een I 99J nnd 1998 did not exceed the mnximum concentration 

limit of 0.2 mg/L (ATSDR, 2006). 

Cyanide In soil

In soil and ,vater, thiocyanate is changed into other chemieo.1 fom1s by ,nicroorganisms 

(ATSDR. 2006). Cynnides ore fairly mobile in soil. Once in soils, cyanide can be 

rcn1oved through several processes. Sonic cyonidc con1pounds in soil con form 

hydrogen cyanide and evaporate, \\hcreas some cyanide compounds \\ill be 

transformed into other chemical fomis by microorganisms in soil. Consequently, 

cyanides usually do not seep into underground \\'titer. I lo\\c,cr, cyanide hru. been 

detected in underground ,voters of o fc,\' landfills and industrinl \\.l.Stc disposal sues. At 

the high concentrations found in some landfill lellchotes (,voter that seeps through 
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la_ndfill soil) Md in the ,vostcs stored in son1c disposnl sites. cyanide becomes toxic to 

soil n1icroorgllllisms (\Vl-10, 2004). 

Cyunidc in plants 

Cnssova accounts for 41.5 per cent of the food consumed in \Vestem States of Nigeria, 

53 per cent in Mid,\'eslcm Md 45 per cent in Enst Central. COSSllvo supplies the bulk of 

lhc energy intake in Southern Nigeria os comp:m:d to other staples; there ore several 

cossovn-boscd food prcporotions for different periods of the dny nnd various occasions 

(Osuntokun. 1980). Cossavo sccnlS initially to have been adopted \\�th caution because 

of its toxicity but the various advantages 1h01 the cassavn crop has over the indigenous 

yon1s and other staples enhanced its rapid adoption. Cassava plant including the s1or:ige 

root contains linnmorine and taxiphillin respecth•ely, ,,·hich bre.'lk do,vn upon disruption 

of the plant cells lo form hydrogen cyanide. Since il can \\'ilhstond drought, it is 

sornetimes a nutritionally strategic famine reserve crop in areas of unreliable rainfall 

(Osuntokun, 1980). Ho,vevcr in \'Cry sn1all amounts, cyanide is o necessary requiren1cn1 

in the human diet as prosthetic group of cyanocobalamine (Vitamin 812) (Osuntolcun, 

1980). Mean cyanide conccntr:itions ho, c been reported for some food products: cereol 

groins (0.002-0.45 µgig), soy protein products (0.07-0.3 µsfg), canned unpillcd fruits 

(0-4 11g/g), commercial fruit juices (1,900-4,600 µg/L), Md U.S. limo beans (100-170 

µgig). There are no con1prehensivc dota on the cyanide content of 10101 diet samples in 

the United Sunes, so it is not possible to estimate the overage doily intake from foods 

(ATSDR, 2006). 

Cyanide is extremely toxic 10 humans. Chronic (long-term) inhalotion exposure of 

humans to cyanide results primnrily in effects on the ccntrol nervous system (CNS) 

(ATSDR. 2006). Other effects in humans include cardiovosculor and respiratory 

effects, '1ll enlarged thyroid gland, Md irritation to the eyes and skin (J-\ TSDR. 2006). 

No dato are available on tJ1e carcinogenic effects of cyanide in humans vio inhalation 

(ATSDR. 2006). Animol studies have suggested that oral exposure to cassa,'11 (a 

cyanidc-conlllining vegetable) ITUlY be ossoc101cd ,vith malformations in  tJ1e fetus nnd 

lo,v foclOI body weights (ATSDR. 2006). Cyanide is released into the cn\'ironment from 
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numerous sources as o result of hwnan activities. lvlcllll finishing nnd organic chemical 

finishing industries as \veil as iron and steel production arc mojor sources o f  cyanide 

releases to the nquntic environment .. The general population moy also be exposed to 

cyonide by inhalation of contaminated air, ingestion of a variety o f  foods or 

contruniruucd drinking \\1ller (A'fSDR, 1989). 

2.2.2 Uses or cyanide 

�1cdical uses 

111c cyanide compound sodium niltoprusside is occasionally used in cn,crgcncy medicnl 

situations to produce o rapid decrease in blood pressure in humons: it i s  olso used os o 

vasodilotor in vosculor research. During \Vorld \Vnr I. o copper cyanide cornpound \\11S

briefly used by Japanese physicians for the Lte0tmen1 of tuberculosis nnd leprosy (Von 

Heijst er lll., 1987) 

Fishing 

Cynnides ore illegally used 10 capture live fish near coral reefs for the oqunrium and 

�food markets. 111is fishing occurs moinl)' in the Philippines, Indonesia and the 

Caribbean to supply the 2 n,illion marine oquruium o,,ners in the ,vorld. In this method, 

a diver uses n large, needle less syringe 10 squirt o cyanide solution into oreos \\here the 

fish ore hiding. stunning them so that they eon be easily gathered. lvlnny fish eough1 in 

this fashion die immediately, or in shipping (Bedding ct al,, 1982). Those that survive to 

find their ,,'lly into pet stores onen die rrom shock, or rrom mnssive disestivc do.mnge. 

The high concentrations or cyanide on reefs on ,,•hich this hns occurred has resulted in 

cnses of cyanide poisoning among local fishermen ond their families, os \vcll os 

irreversible domnge 10 the coral reefs themselves ond other morine life in the llrCll

(Bedding r/ al., 1982). 

Furnigalion 

Cyanides arc used os insecticides for the fumiga11nc of ships. In the past C)'llnidc salts 

hove and still are in some places being used ns mt poison (A'I SOR, 1993). 
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Execution and Nolublc Cyanide Dcalh_s 

Cyanides have been used as poison many times throughout history. The most infnmous 

opplica1ion ,vas the use o f  hydrogen cyll!lide pc:llers by the Nnzi regime in Germany for 

moss murder in some gos chambers during the Holocaust (Vllll Hcijst ct al., 1987). 

Cyanides hove been used (as in 1hc case of Grigori Rasputin) for a11emp1ed murder, ond 

for judicial cxcculion in some prut.s of the Un11ed Stoles (Van Hcijsl ct al., 1987) 

Some notable persons ,vho commiued suicide by cyanides (either cyanide salt or 

hydrogen cyanide) ore Eva Oraun, \Vollocc Carothers, Odilo Globocnil., Joseph 

Goebbels. I h:rmonn Goring, llcinrich l lin1n1lc:r, Adolf l litlcr (in combinorion ,vith o 

gunshot), GOniher von Kluge, Envin Romn,el, Alon Turing and the Libcrolion Tigers of 

Ton,il Eelom. TI1e mass suiciddmurdcr of The People's Temple in Joncsto,vn ,vos done 

,vith cyanide poisoning (Van Heijst et al .• 1987). 

Olhcr uses 

PotoSSiu1n fcrrocyonidc is used to achieve o blue color on cos1 bron1.c sculptures during 

the final finishing s1ogc of the sculpture On its o,,T1, il ,,;11 produce o very dork shndc 

of blue and is oficn mixed ,vith other chcmicnls 10 achieve the desired t1nl and hue. It is 

applied using o lorch ond paint brush \\hilc wearing the standard s;ifcty equipment used 

for OJI)' potino opplicn1ion: rubber glo,cs, safety glosses, and o respirator. The octuol 

on,ount of cyOllidc in the mixture varies according 10 the recipes used by each foundry 

(Doud ct al. 1991 ).Cyanide is olso used in jc,vcllcry-moking and ccnoin kinds of 

photograph) (J\ TSOR, 1993). Although generally thought 10 be toxic. cynnidc and 

C)'llllOhydrins have been dcn1ons1rotcd to increase germination in various plant species 

(ATSDR. 1993). 

2.3 �1ccbnnlsn1 of cyanide toxicity 

The cyonide onion is on inhibitor of the enzyme cytochron1e c oxidosc in the fo11nh 

complex of the elcc1ron tronspon chnin (found in the membrane of the mitochondria of 

cuknr}otic cells). It auochcs to the Iron ,vithin this protein. n,e binding of cynnidc to 

this cy1ochrome prevents transport of electrons from C}1ochrome c oxidase 10 oxygen. 
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As n result, the clcclron transport cluiin i s  disrupted. mearung lhnt the cell cnn no longer 

ncrobicnlly produce ATP for energy. Tissues thnt mninly depend on aerobic respiration. 

such ns the centrol nervous system and the heart. nrc particularly affected (Isom ond 

\Vay, 1976). 

Cynnide couscs o decrease in the uiilizntion of oxygen in tissues producing o stnte of 

hlstotoxic onoxio. Cyonidc con also inhibit sevcr:iJ other meinllo-enl)'fllCS contnining 

copper or n1olybdcnum e.g,. nlknlinc pbosplun.o.sc, corbonic onhydmse. Cyanide causes

on increase in blood glucose ond lactic acid tc,,els ond a decrease in the ATP/ADP m1io 

shifiing fro1n aerobic to noacrobic metabolism (Isom ond \\la), 1976). Cynnidc ocuvotes 

glycogcnolysis ond shunts glucose to the pcotosc phospholc p.ith,,'Dy decreasing the nue 

of glycolysis nod inhibiting the tricarboX)•lic acid cycle (Rosling, 199<1). llCN reduces 

energy availability in nll cells but its effects is nl,vn)'S n1ost immcdin1c on the respiratory 

sys1en1 ond the heart The lcthnl dose for nn adult. depends on Ilic body ,vcigh1 ond 

11111ri1ionnl status and this is somewhere bet\\ccn JO ond 210mg of IICN (Rosling. 

1994), If the I ICN exceeds the lin11t on individual i s  able 10 dcioxify or 1olern1c, dcalh 

111oy occur '"hile smaller sub- lclhnl on1ounts of cyanide cause aculc intoxication. 

Symp1on1s of ncu1e cyanide in1oxicn1ion include rapid respiration; drop in blood 

pressure. rupid pulse. dimness n1cn1nl confusion, diorrhca and con,'Ulsion (Rosling, 

1994). Chronic clTccts of cynnide into�ication, hns been linked 10 regular long- 1cnn 

consump1ion in individunls \\•ith poor nu1ri1ion (Rosling, 1994). 

Death due to cyonide poisoning can occur when the cyllllide limit exceeds the limit on 

individual i s  able to dcloxify. The likelihood of cyanide in1oxieation from consumption 

of cassa,'ll or born boo shoots is dcpendcnl on body ,veigh1 nod it is possible that a child 

or person of smnllcr body ,veigh1 ,vould not be able 10 detoxify the cyanide rcsultllnl 

from n meal of inadequately prepared cassava or b.imboo shoots (Roslins, 1994). The 

ocule lethal dose of hydrogen cyanide for hun100 beings ,s reported to be O.S-3.S mg.lkg 

body \\"eight. Approxima1cly 50-60 ms of free cynnidc fron1 cassava and its processed 

products cons1i1u1cs a lethal dose for on adult mnn (fyllcsknr ct. al., 1993). Long-tcnn 

consumption of cussa, a. ,vith chronic uptake of cyanoglyeosidcs in sub-ncutely to.'dc 

doses mny be involved in the pathogenesis of ccnnin conditions including the 
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disturbance of thyroid function (goitre) nnd ncuropathics. LhlS thyrotoxic efTccts of 

cynnide depends on its conversion 10 the iodine nntogonist thiocyalllltc (fyllesknr et al., 

1993). llumon cossovo cn1ing population sho,,ed opthotn,ologic41 ond ncurolo&icnl 

symptoms, ,vhich ore associated \\ith exposure 10 HCN (fyllcskor ct al .. I 993). 

Other nutritionol and metobolic dclicicncies afTccting the cyMide dctoxilicnLion 

n1echonism include sulphotc nnd Z1nc dclicicncics. Sevcrnl cpidcmiologicol s1udiu�. in 

CIISSIIVO eating population had established an ossociotion bcl\,-ccn cynnidc exposure and 

sp:i.sticpamporcsis, 0111btyobio ou1.,io or tropical olo.'<io ncuropothy (f AN) (ATSDR. 

2006), Neurological disorders ond thyroid nbnorrnalit1cs ho\t been linked ,vith long· 

tenn consumption of t:ISS3VO (Bo.skin rt al., I 998). Surveys in African communities 

,vhcre cnssavo is a staple crop sho,v II strong correlation bct,,-ccn C:ISSIIVO consun1ption 

1111d endemic goitre and cretinism. Oiemry delieiencics.. especially lo,v intake of iodine, 

may contribute to this effect (Oke. 1980) In Nigeria and some other tropic41 countries 

in Africa, ,vhcre the doily diet 1s dom,nnted by stlll'Chy stoplc foods, dietary cyanide 

exposure from cyanogcnic glycosidcs in insufficiently processed foods conLOining t lCN 

sl)cosidcs ho.s been implicated as contributing f.1c1or in gro,vth retordotion. In the 

hun,on body, cyanide i s  dctoxilicd mn,nly b)' cn7)11'10tic conversion to the n1uch less 

toxic lhiocyono1c (SCN). 1l1is de1o�ilico1ion rc11uires sulphur donors 1h01 ore provided 

by sulphur- con1nin1ng dic1nry an1ino acids, C)Steinc and methionine (Oke. I 980). In 

subjects ,vho hove on adequate protein component of their diet, excess cysteine ond 

methionine ore not required for protein synthesis and arc degraded to inorganic sulphate 

and excreted (Oke, 1980). 

The nutritional interest in some of these vegeLOble species sterns from their rich contents 

of essential runino acids, vi1ornins and minerals. Further to their rich content of the 

mentioned nutrients, it is established thot green vegetable leaves ore the cheapest o.nd 

most abundant source of proteins becouse of their obillty to synthesize runino acids from 

o wide range of virtually available prim:uy mo1erinls such as \\'3tcr, carbon dioxide. ond

otmosphcric nitrogen (os in lcgun1es) (Fornier, 1977). Therefore, some of these 

vcgc1nblcs arc the chcopcst and most rcndily ovoilable sources of important proteins. 

viLOmins nnd essential ornino ocids. 
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Cyanide is on exu,:mely to;itic ond fnst acting poison; ho\\·ever. it con be detoxified 10 o 

ccrwin extent in the human body. In very small amounts, cyanide is o necessary 

requirement in the human diet as prosthetic group of cyanocob:llnmine (Vitamin 012) 

(JECFA, 1993). Cossovo plant including the storoge roots, contoin linrunarine ond 

lo1oustrolin respectively, \\'hich break down upon disruption of plnnt cells to fom1 

hydrogen cyanide (Dicu ct al., 1994). OilTcrcnt ncurologu:al syndromes hn\e been 

ossociatcd \\ith exposure to cyanide. DielOI}' cyanide exposure from C3SSO\'O roots 

con1bincd \\ith o lo\v intake of the sulfur amino acids ncccssruy for cyanide 

dc1oxifico1ion hos been in1plico1cd in the causation of gro\vlh retardation and konz.o. on 

upper motor neuron disease identified in Africa (Rosling. 199.J). The lethal dose of 

cyanide for nn adult depends on the body \\'tight and nutritional s1n1us and this is 

somewhere bet\vecn 30 and 210 mg ofHCN. lfthe HCN exceeds the limit on individual 

is able 10 detoxify or tolerate, d!.'llth mny occur due 10 cynnil.le poisoning while sn1ollcr 

non- fo111I amount of cynnide cnusc acute intoxication (US EPA, 1984). 

n,e nn1ount of cyonide in the blood th111 is like!) to prove toxic is in1prccisc nnd 

depends hcnvlly on \\ hi:n the snmple is dro\\11 in compnnson to the time of exposure, 

the specific cynnidi: compound or cyonogenie con1pound involved, the route of 

exposure, 1rcn1mcn1 provided before Stlmpling (if any), ond sample handling bet,1·cen 

collection and onnl)Sis (Ycaoh and Bmitberg, 2004) .. In adults, the blood cyanide level 

that is rcgnrdcd ns "toxic" is generally considered to be > I mg/L (39 µmol/L), and the 

"fatal" level is l!Cnerolly considered lo exceed 2.6 10 3 mg/L ( I 00-11 S µmol/L) (Y eaoh 

nnd Bmitberg, 2004). lnhalotion of Fire S1nokc opproxin111tely one fourth of the 4000 

fire ond bum-related deaths eoch year in the United Stoles occur in children younger 

lhon IS )'Cars (American Acndemy of Paediatrics, 2000). In children, ns in adults, the 

majority or fire-related deoths arc 011ribu1ed 10 smoke inhalation rather lhon bums 

(American Acndemy of Paediatrics, 2000). Children were omong the smoke-inhalation 

folllliLies in the ,videly publicized aportment fires in the Paris, France areo during 2005 

(CNN lntcmotional, 2006). In one npMn1ent fire in August 200S, 14 of 17 fotolitics 

\\'Cre of children. In o second apnrt1nent fire also in August 2005, 4 of the 7 folnl1lics 

\\'ere of children. Children also died in a third apartment fire in September 2005. 
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Cyo.nide is o.n import.an& conlribu1or to dc:alh by smoke inhnlation and is presen1 10 1he 

blood or fin: victims (regardless of age) in most cnscs (Darillo and Goode. 1994). In a 

mc1n-analysis of smoke-inhalotion-:issocin1cd denths occurring in 7 mnjor fire incidents 

from 1971 to 1990, cyanide wns found ,n the victims' blood in each stud)' in \\'hich it 

\\'RS mcnsurcd (Alaric, 2002). Cnrboxyhemoglob1n le \cls correlated poorl) \\1th blood 

conccolrntions or cnrbon monoxide. The percentage o f  fnlll.lities hnving lethal blood 

concentrations of cyanide ranged from 33% 10 87% in the mctn-nnalysis. In one fire 

scene, for cxnmplc, toxic blood concentrotions of cyanide \\ere documented 1n 87% of 

victintS. nlthough only 72% had a carboxyhcmoglobin lc\'cl exceeding 30%. o finding 

suggested by incomplete data from other scenes as '"ell and suggesting n cause of death 

other than carbon monoxide in these \ictims. Consistent ,vilh the results o f  this n1cto­

onnlysis, other studies have found eynnidc in the blood of 62% to 77% of victims \\ho 

died (Dnrillo nnd Goode. 1994). 

Elevated blood cyanide conccntrolions hn'l<c been found in children exposed to fire 

s111okc. In o scminnl study o f  the role of cyo.nide in smokc-inhn.lntion injury and dcolh, 

JO of the I 09 victi111s of smol..e inhalation in rcsidentiol fires in Paris ,vcrc younger tho.n 

14 ycnrs (Doud /JI C1I., 1991). Among those 30 children, IJ died and 17 survived. 

Cyo.nide \\'OS present in both children who survived (mean concentrolion; 27.4 µmol/L) 

and those ,,ho died (111can concentrotion: 87.0 µmol/L). Olood carbon monoxide 

conccnlr11tions \\'ere bclo,v the lcllto.l le\'C) in some children ,, ho survived and some who 

died, a result suggesting, \\hen considered in conjunction \\ith ll1c presence of cyanide 

in l11eir blood that cyanide poisoning and/or olhcr causes or hypoxia may hove 

contributed lo their death. 1l1c general population may be exposed 10 cyanide from 

nmbicnl air, drinking-wo1cr, and food. Dosed on nn 01n1osphcric hydrogen cyanide 

conccntrolion of 190 ng/n1' and on overage doily inhalation of 20 m' oir, the inhal1111on 

exposure of the gene ml US non-urban. non-s01oking populo1ion to hydrogen cyanide is  

cs1in1ntcd to be 3.8 µg/dny (ATSDR. 1997) \\hilc boscd on n dnil) drinking-\\11tcr 

consumption of 2 litres for nn ndult, the daily intake of cyonogen chloride is estimated 

to be 0.9-1.6 µg (cquivnlcnt to 0.4-0.7 µg of eyo1tide) (ATSDR. 1997) for cyanogen 
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chloride conccntmtions in \\'Iller o f  0.45..0.80 µg/litrc (0.19 0.34 µg cynnideJlitre). 

Among the genera] population. subgroups \vith the highest potcntinl for exposure to 

cyonidc include active ond passive srnokers. individunls involved in lorgc•scolc 

processing of foods high in cynnogenic glycosides, individuals consun1ing foods high in 

cynnogcnic glycosides, nnd, to n lesser degree, fire-related smoke inhnlntion victims. 

Cyonidc is used in a number of industries and is found 01 I0\\1 levels in air from cor 

exhaust. Cyanide is extremely toxic to hun1nns. Chronic (long-term) inha]alion 

cxposwc ofbun1nns to cyanide results primarily in effects on the central nervous system 

(CNS). Other effects in humans include cardiovnsculor nnd respiratory efTccts, on 

cnlorgcd thyroid glond. nnd irritation to tho eyes nnd skin. No dota arc ovoiloblc on the 

carcinogenic effects of cyanide in hun1nns via inhnlotion. Animal studies hove 

suggested that oral exposure: 10 cassava (a cynnide-contnining vegetable) mny be  

associated \vith n1nlforma1ions in the fetus and IO\\ ' fetal body ,veights. 

2.4 Properties of cyunidc 

2.4. I Physic11I properties 

Cyanide is present in a number of compounds such ns hydrogen cyanide, sodium 

eynnide, nod potassium cyanide. Hydrogen cyanide i s  a colourless gns or liquid with n 

faint, biller o.lmond odour. ·1 he odor threshold for hydrogen cyanide is 0.58 par1S per 

million (ppm). TI1e chemico.1 formula for hydrogen cyMide is l!CN, and the molecular 

\\'eight is 27.03 Bf'mol. The vnpor pressure for hydrogen cyanide is 264.3 mm Hg at O 

°΅�C, and its log octnnol/\\'llter panition coefficient (log K.,,.) is  0.66. Sodium cyanide and 

potassium c)'llllide ore both colourless solids that possess the slight odour of biller 

almonds (USEPA, 1997; ATSDR, 2006). 

Hydrogen cynnidc is a colourless or pole blue liquid \\1th chnracteristlc odour of bitter 

almond (Verschueren, 1983). It has n molecular weight of27.03 ond a boiling point of 

25.6°C (Vcrschucren, 1983). It i s  miscible ,vith \\':lier nnd nlcohol ond slightly soluble in 

ether (Budavari, 1989). Most people C-Wl smell h}drogcn cynnidc Due to on npp:ll'Cnt 

genetic tmit, some individunls C31U10l detect the odor of 1-ICN (Boknngn ti nl., 1994). 
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Sodium cynnide ond potassium C)nnidc ore both white pov,ders \\ith o bitter almond­
like odor in damp air, due 10 the presence of hydrogen cyanide fonned b) hydrolysis: 

NoCN + 1110 - I ICN + NaOH 

Cynnide is considered, In o broad sense, 10 be the most po1en1 lignnd for mony tronsition 

n1c10ls. The very high offinitics of mctols for cyo.n1de can be onributcd 10 its negutivc 
ch11rgc, compac1ncss ond obilily to cngogc in it-bonding. \Veil kno\vn complexes 
include: 

• 1hc hexncyanidcs [M(CN)6)1" (�I• Ti, V. Cr. �In. Fe. Co), \,hich ore oc1ohcdml
in geometry;

• 1hc 1c1m cyanides, �1(�]1
"

(M • Ni, Pd. Pt). ,vhich ore square plonor in 
geometry;

• The dicynnides (�I (CN) 1) (M .. Cu. Ag, Au),, \\hich ore linear in geometry.
>uc 10 its high nuclcopl11lici1y, cynn1de is reudily introduced into orgonic molecules b) ... , 
isplncemcnl of the corresponding orgonic halide. Organic cyanides ore generally called � I 
itrilcs. 1l1us, Cl 11CN con be methyl C)nnide but more con1monly is referred to os
.cc1oni1rlle. In organic synthesis, cynnide 1s used ns o C -1 syn1hon. I.e., ii cun be used 10
cng1hen o carbon chain by one, ,vhilc re1runing 1hc ability 10 be func1ionoli7cd.

RX+ CN"" - RCN + X- (Nucleophilie Substilulion) followed by: 
I. RCN + 21120 _, RCOOH + Nll1 (Hydrol)sis). or
2. RCN + 0.5 LiAII Li + (second step) 2 H10 - RCll2NH1 + 0.5 LiAl(OH)• (under

rcOu.x in dry ether, follo,vcd by addition of H20)

An oll.cmn1ive method for introducing cyanide is via the process of hydrocyanation, 
"hereby hydrogen cyanide ond olkcncs combine: 
RCI la:CJ 12 + I-ICN - RCI I (CN) Cl-13 
�lctol cotolysts ore required for such reactions. 

2.4.2 Chcn1ical properties 
Once released in the environmenl, the renc1ivily of cyanide provides numerous 
palh\\'DYS for its dcgmdo1ion and 011enun1ion: 

18 

J • 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



11) Compkxatlon

C}nnidc forms ionic complexes of varying stability ,vith many mclllls Most cynnidc

complexes o.rc much less 1oxlc than cyonide, but \\Cal ocid dissociable complexes such 

o.s those of copper and zinc nrc rclnth•cly unstable nnd ,,;11 release cynnide back 10 the 

envlronn1en1. Iron cyanide complexes ore of particular imponnncc due 10 the nbundnnec 

of iron 1ypicnlly ovoiloblc in soils and the extreme stability of 1lus complex under most 

environmental conditions. ll01vc, er, iron c}'llllidcs o.rc subject to pho1ochemlcal 

dcco,nposllion and ,viii relc:nsc cyanide if exposed 10 uhroviolcl lighL 

Metal cyanide complc:,-cs arc also subject 10 other reoc1ions 1h01 reduce cyanide 

concentrations in the environment. o.s described bclo,v. 

b) Precipitation

Iron cyanide complexes form insoluble precipitates ,,ith iron, copper. nickel, 

manganese, lend, zinc, cadmium, tin and silver. Iron cyanide forms precipitates ,,•ilh 

iron, copper, 0101,'llesium, cndmium and zinc o,cr o pH range of2-l 1 (ICMI, 2006). 

c) Adsorption

Cyanide ond cyonidc•mctol complexes ore adsorbed on organic ond inorganic 

consti1ocn1s In soil, including oxides of aluminum, iron nnd n1nngoncsc, cenain types of 

clnys, feldspars ond organic crubon, Although the strength of cynnide retention on 

inorganic mo1criols is unclcor, cyanide is strongly bound 10 organic mouer (ICtvll, 

2006). 

d) Oxld11Cion

Oxidation of cyanide 10 less toxic cyonolc normally requires a strong oxidizing agent 

such o.s ozone, hydrogen peroxide or hypochlorile. Ho,\ever, adsorption of cynnide on 

both orgnnic and inorganic mo1eriols in the soil appears to promote iLS oxidation under 

noturol conditions (ICMI, 2006). 

c) Sul11hun1llon

Cyanide reacts ,vith some sulfur species 10 form less toxic thiocyanotc. Po1entiol sulfur 

sources include free sulfur and sulfide minemls such ns cholcopyrite (CufeS2), 

chillcocitc (Cu2S) ond pyrho1i1e (PeS), ns ,veil ns their oi,:idation products, such o.s 

polysuUidcs and thiosulfatc (IC�11, 2006). 

f) Volatili:r..ution
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At the pl I t) picul of cnv1ronmen11ll systems, fm: cyanide \\ ill be predominate I) in the 

fonn of hydrogen cynnide, ,vith gaseous hydrogen cyl1!1ide evolving slo,vly over time. 

'The nmount of cyanide lost through this path\\'11)' increases ,,1th decreasing pl I. 

increased ncmtion of solution nod ,,�th increasing temperoturc. Cynnidc is nlso lost 

through volatilization from soil surfaces (ICt.11, 2006). 

g) Diotlegn1tlation

Under aerobic conditions, microbial activity cnn degrade cynnide to ammonia. ,vhich

then oxidizes to nitrate. This process has been sho,,11 effective ",jth cynnidc

concentmtions of up 10 200 pnns per rnillion. Although biologic41 dcgmdation also

occurs under anaerobic conditions, cyanide conccntrotions gn:tucr thDJl 2 ports per

million are toxic 10 these microorganisms (ICMI, 2006).

h) Hydrolysis

llydrogen cyanide can be h)drolyzed 10 formic acid or ammoniunl formate. Although

this reaction is not rapid, it mo) be of signilicnncc in ground ,,-n1er where nnncrobic

conditions cxis1 (ICMI. 2006)

2.5 Effects of cynnllle exposure on the envlronrncnt 11nd hurnnn 

2.5.1 EITecls on the cn,•lronnrcnt 

Although cyanide reacts readily in the cnvironn,cnt and degrades or forms complexes 

ond snits of varying stabilities, it is toxic to  many living organisms nt very IO\V

conccntmtions (ICM I, 2006). 

Air 

Cyanide is found in nmbient oir as hydrogen cyanide and to a smaller extent in 

p:miculate n1ottcr. The concenlrotion of hydrogen cyanide measured since 1981 in the 

northern hemisphere's non-urban troposphere ranged from 180 10 190 ng/m3 (Cicerone 

and Zellner, 1983; Jaramillo ct al., 1989). Ambient nir monitoring dn1a for cyanides in 

Bulgaria in nrens nenr petrochemicnl plants sho\\ed concentrations ranging from 0.2 10 

0.8 µg/m3 (annual average value) (Koloynnova ct of., 1985). Cyanide hos been dc1ected 

nt lc,•cls of 20-46 mgtm' in the air near lnrgc-scnle cassava processing facilities in 

Nigeria (Oknfor and Madung,w, 2000). 
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\Yater 

Cyanides, in ronn of, hydrogen cyanide. sodium cyanide, polassiwn cynnide. cnlcium 

cyanide, or copper (I) cyanide, have been detected in surfoce ,,111er samples 01 70 of the 

154 luiznrdous ,vnsLc sites ,vhere they \\'Cre studied in the USA; they hove also been 

detected in ground\\'Otcr sa1nplcs ot 191 or the -119 ,,mtc sites studied and in leochate 

son1plcs or 16 of the 52 sites studied (\VI 10. 2()0.i). The median concentrations in the 

positive srunplcs \\'C:rt 160 µg/litrc for ground,YUter, 70 µg/liter for swfacc ,voter, ond 

479 µQ/litcr for the lenchotcs (Haz.Dnt. 2003). Daill from the US Notional Urban RunorT 

Prollfllm in 1982 revealed that 16% or urban runotT samples collected fron1 four cities 

across the USA contained cyanides at lcveb of 2-33 µg/litrc (A TSOR, 1997). 

According to the US Environmental Protection Agency's (EPA} STORIIT dutabasc, the 

mcnn cyanide concentration in most surface waters in the USA is less than 3.5 µg/litrc 

(US EPA, 1993). Onto from the late I 970s to early I 980s indicated thot the lcvc:ls ore 

higher only in limited orcns ond n1ay exceed 200 µQ/litre (ATSOR, 1997). In 1978, 11 

US EPA survey of drinking-,voter supplies sho,vcd that about 7% of the supplies hud 

cyanide concentmtions greater than 10 µg/litre (US EPA. 1993). Cyanogen chloride is 

one of  the 18 compounds that occur most frequently (8 of IO city SUl'\leys} in potable 

\\'!lier \\ithin tho framework of the US National Organic Reconnnissonce Suncy 

(13edding cl al., 1982). In o survey in 1987 of over 35 dnnking-,voter supplies, the 

qunnerly n1edion cyanogen chloride concentrations in drinking water mnged from 0.45 

to 0.80 �1g/litre (fron1 0.19 to 0.34 µg cyanide/litre) (Kmsner cl al., 1989; ATSOR, 

1997). �lore current data regarding the cyanide and cyanogen chloride levels in 

drinking \\'Oler ure lacking. Levels of 1.58-7.89 mg eynnidc/litre have been found in 

natural ,wter sources near large-scale cnssovo processing racilities in Nigeria (Okafor e1 

al., 200 I}. 

SoiJ 

Cyanide has been identified in the soil of howdous \\'OSie sites in the USA; the median 

conccntrotions for the positive sites \\'ere 0.8 m&fks in the subsurface soil (found ot 77 

sites of  the 124 studied) a.nd 0.4 mg/kg in ll1e topsoil (51 positive sites out of 91 sites) 

(HozDal, 2003). Cyonidc-contnining ,,mies nre commonly found in soils 01 former 

21 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



n1nnufoc1urcd gas plnnt siies 1n the USA. Mo�l conccntrntions of cynnide compounds nt 

the mnnufaeturcd gas plan1 sites ore belo\V 2000 mg/kg. The n1ost prevalent types of 

cynnidc compounds ore 1ron-comph:xcd forms. e.g., ferric ferrocyanide (Pn,ssion blue), 

rather 1han the highly toxic free cyanide fonns. Iron-complexed cyanides, dominated by 

the fcrrocyonidc ion, comprise over 97% of tol:ll cyanides in either \\'Cllthercd or 

un,,enthcrcd soils (Shifrin 111 al., 1996). 

17ood 

Many edible plants coninin cyanogcnic glycosidcs. ,,hose eonccntrniions c.in vory 

\\idcly os o result of gcnc1ic and cnvironmentol foctors, loc.ition, season, nnd soil l) pe.s 

(Ennuns et al .• 1980: JECFA, 1993). Some of the foodstuffs and their cyonide contents 

ore sho,vn in Table I. Cassava tubers ''OfY ,,tidcly in !heir cynnogenie glycoside contenl, 

nhhough 1nos1 vorictics contain I S--400 mg cyanide/kg fresh ,veight. OcC&ionolly 

varieties of cnssavn tubers contain 1300-2000 mg cyanide/kg fresh ,,eight, nnd cossnvn 

leaves conioin I 000-2000 mg cynnogenic glucosideslkg on o di) motter bosis (Podmnjn, 

1995). Pcnncn1otion of cnssnvu pulp for 96 h during gnri production reduced the 

hydroi;cn eyonidc content by 50%, sool..ing of sliced cossovn for 24 h, 40%; and sun 

drying, son,e 15% (Kcndirim et al., 1995). It should be noted that the ranges of cyanide 

eonccnlrntions sh0\\11 in l nble I ore very broad in sc,ernl coses (i.e., cereals nnd !heir 

products, so) protein products, nnd apnco1 pits}, which n1ny be due to their diCTcrcn1 

sources nnd differences in Mt1l)1icol procedures; as ,,ell, the vnlues mny rcficcl the 

older li1erntun: (\VHO, 2004). 

Aquotic OrganiinJS 

Fish and nqun1ic invertebrates are particulnrly sensitive to cyanide exposure. 

Concentrations of free cyanide 1n tl1e oquo1ic environment ranging from 5.0 to 7.2 

micrograms per liter reduce S\vimming pcrfonnnnce ond inhibit reproduction in mnny 

species of fish. 01her adverse eIT'ects include delnyed mortality, pathology, and 

susceptibility to prcdo1ion, disruplcd respiration, osmorcgulotory disturbances Md 

ahercd gro,vth patterns. Concentrntions of 20 to 76 n1icrogrnrns per liter free cyon1dc 

cnuse the death of many species, and conccn1rntions in c:,:cess of 200 micrograms per 
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liter ore rapidly toxic to mos1 specu:s of fish. lnvcrtcbnucs experience adverse nonlethnl 

effects 111 18 10 43 micrograms per liter free cynnide. and lc:clutl effects at 30 to I 00 

microgro.ms per liter (ahhous}l concentrations in tJ1e range ofJ to 7 micrograms per liter 

caused dcnth in the omphipod (Gwnmorus pule)() {IC�II. 2006). Algae nnd mocrophytcs 

can tolcra1c much higher en\ironmentnl conccntrolioos of free cyonide thnn fish nnd 

invertebrates, and do not cxlubil adverse clTccts at 160 micrograms per liter or more. 

Aquatic plants ore unaffected by cynnidc al coocentrotioos thnt a.re lethnl 10 most 

species of frcslnvatcr and nlorinc fish ond invertebrates. I IO\\-cvcr, differing sensitivities 

to cynnidc can result in changes to plant community structure, \vith cyanide exposures 

leaving a plant community dominntcd by less sensitive �pccics (ICMI. 2006). 

l11c toxicity of cyanide to :iquntic life is probably caused by hydrogen cyonidc that hos 

ionized, dissociolcd or photo chemically decomposed fronl compounds containing 

cyanide. Toxic effects of tlle cynnide ion itself on aquatic organisms ore not believed to 

be signi licnnt, nor ore the effects of photolysis of ferro- o.nd fcrricyonidcs. It is therefore 

1he hydrogen cyanide concen1ra1ion of \\'liter that is of srentest significoncc in 

dclcm1ining 10:-cicity 10 nquotic life ratllcr tho.n the total cyanide conccnlrotion. l11c 

sensiti\lit)' of oquotic organisn1s to c)·anide is highly species specific, ond is also 

affected by \\'Oler pl I, ten1peroturc und oxygen content, as \\'Cll as the life stage and 

condition of the orgonis1n. 

Birds 

Reported oral Lcthnl Dose 50units for birds range from 0,8 milligrams per kilogram of 

body \\'eight (American racing pigeon) to 11.1 milligrams per kilogron, of body \vtight 

(domestic chickens), Symptoms including panting, eye blinking, salivation and lethargy 

appear \vitJiin one-half lo five minutes a Iler insestion in n1ore sensiti\e species, nnd up 

to ten n1inutcs oiler ingestion by n1orc resistant species. Exposures to hish doses 

resulted 1n deep, laboured bre:itJ1ing follO\\'ed by gasping ond shollo\\' intemiittent 

breathing in oil species. t.1ortality typically occurred in 15 to 30 minutes; hO\\,:ver birds 

that survhcd ror one hour frequently recovered, possibly due to the rapid metnbolism of 

cyonide to tlliocynnotc ond iLS subsequent excretion. Sub lethal effects of cyanide 

23 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



c,posurc to birds. such os on incrcnsc in their susccpubility to prcdotors, h.ivc not been 

fully in,estigotcd ond reported (IC�tl. 2006). 

1\h1mm11Ls 

Cyonidc toxicity 10 mommols is rcl:ni\rely comn1on due to the lorge number or 

cyunogcnic romgc pl11111S such os sorghum, Sudon g,nsscs, com and casso"a 

Conecnu,nions or cyunidc in these plonlS nre cypically highest in the spring dunng 

blooming. 01) gro,ving conditions enhance the occumulntion of cyonogcnic glycosidcs 

in cenain phllllS ns ,,ell ns incn:nsc the use of these plonlS ns forage (ICMI, 2006). 

2.5.2 EfT«ts on hum11n

Nttunat occurrence 

Cyanide occurs n:uwully ns cyanogenic glycosidcs in 111 !CD.St 2000 plants sec (JECF;\. 

1993). Known cynnogcnic glycosidcs in plants include amygdlllin. linnmnrin. dhurrin. 
p,um.sin. lotou.suulln ond wiphyllin. Amygdolin (d-mondclonitrilc-be10-d-glucos1dc-6-

bt1a-d-glucoside) hos been found in about I 000 species of plonlS, including CllSS0\.11

(l.lp10CI. mnruoc), swtcl pollllo, com. cabbage, linscc:d. millet. ond bamboo. in p,ts or

aonc fnuts. such u chcmcs, peaches, and npricots. ond in apple seeds (JECFA. 1993. 

Shanna. 1993, PodmaJn. 1995). his also present 1n bincr 1ilmonds and AmcnC411 ,,h1tc 

lima beans (Ennans ti al , 1972) Among them, CIWII\I (top1oca, mnn1oc) ond sorghum 

arc suple foods for hundreds or millioM of people in ™> tropical countnei Aflcr 

ingestion. linamann Cllll be hydrolysed by cithtr �1,11 hlW1llltllSC or an cndo�noiu 

bt1a-g,lucosidasc ID yield d-glucose (frak" ti al., 1986} 

I lydrogcn C)'llDide iJ ubiquiwu.s in n:in.in It is found in tht stratosphere nnJ non-urNn

u-oposphcrc (US EPA. 1993). h u rel� Into the atmosphm from bioman burning, 

,olcanocs, and na1wul bi°'cnic proccs.scs from h11&hcr pl�nu, hc.x1ma. all&I", anJ funtli 

(ATSDR. 1997: Falscl ti al. 19111; \\1) 1982 Cicerone & Zcllll('f, 1983: l.i ti al�

2000,) An cstinl41e of the amowu or cyanide rclClUCd to the m,uonmmt from n:inu-al 

bi�c J110CCS$CS i, no1 a,llllablc (A ISDR, ll)C)7J In air, C)llDIJc h prnctll as

gllKOl.l! h)drogm C)�. 141th I a.mall amount r,nmt an tint JUlt f',Vttclcs (\\ HO, 

2004) 
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Anlhropogcnle Sources 

l lydrogen cynnide is produced by the combustion or pyrolysis of ccrtnin materials under

oxygen-deficient conditions. Por example it cnn be detected in the e.,haust of intcmnl 

combustion engines and tobacco smoke. Certain plastics, especially those deri, cd from 

ocrylonitrile, release hydrogen cynnidc "hen heated or burnt (A TSDR. 1997). 

Non-point sources of cyanide released to ,,11tc:r cnn result fron1 runoff from cynnidc­

containing anti-coking s:ilts used on roods, migration from lnndfills., nnd ogriculturul and 

atmospheric fallout ond ,voshout (f\ TSDR, 1997) Point sources of releases to \\'Oler 

include discharges from gold mining plants, ,v:istewntcr trentment works, iron and steel 

production, and organic chemical industries. C)anidcs hove the potential to be 

tronsported over long distances from their respective emission sources (\VHO, 2004). 

TI1e majority of hun1an population is e.xposed to \"Cry lo,v levels of cyanide in the 

generol environmenl. There ore, ho,vever, specific subgroups ,Yith higher potential for 

exposure. TI1ese include individuals involved in lnrge-scalc processing of cassnvo and 

those consun1ing significant quantities of improperly prepared foods containing 

cyonogenic glycosides, such ns CllSSO\'O, apricot pits, and biller oln1onds. Other 

subgroups ,Yith grcntest potentinl for exposure include those in the vicinity of occidenUII 

or intended releases fron1 point sources. active and po.ssivc smokers, nnd firc-relotcd 

sn1oke inhalation victims. \Vorkcrs may be exposed to cyanides during fumigation 

opcrntions and the production and use of cyanides in many industriol processes - for 

example, electroploting, co.se-hordening of steel. and e.,trnction of gold nnd silver from 

ores (\VHO, 2004). One cigorene ,vithout a filter liberates S00-µg hydrogen cyanide, 

,vhile filter cignrcnes liberate only I 00 µg in mainstrerun smoke. Hydrogen cyanide 

concentrolions in n1ninstreon1 and sidestream smoke ranging from 280 to S50

µsfcigorcltc nnd from 53 to 111 �1sfcigare11e, respective(). hove been reported; 

sidestream: mainstream ratios of hydrogen cynnidc concentrations ranged Crom 0.06 Lo 

O.SO (A TSDR, I 997).
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Dhurrln (CAS No. '99.20J) 
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Figure 2.1: Cyonogcnic glycosidcs in edible plants {JECFA, 1993) 

TI,c level or hydrogen c)·onidc round in Canndion cig11tC1tc smoke under ln1emo1ionol 

Orgnnizo1ion ror Stonda.rdiZJJtion stond11rd smokinc conditions ,..,ere as rollo,�-s: 

mainstream sn1okc, 32-156 µg/cignreuc; nnd sidcstrcrun smoke, 77-136 µc/cicnrette 

(I lenlth Canndo, 2002). The nvcrngc rote of cn1ission of hydrogen cyanide by 

nutomobilc cxhous1 ,vns reported 10 be 7-9 mg/km for crus not equipped \\ith callllytic 

converters and on the order of 0.6 mg/km for cars \\!ilh callllytic c-0overtcrs operating 
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under op1imum conditions in lhe mid- to lale 1970s (ATSOR, 1997). Cynnogcn chloride 

is formed as o rcnc1ion product of organic precursors \\ilh hypochlorous acid in the 

presence of ommonin and may be formed ns n by-product of the chlornn1inotion Of\\alcr 

(e.g., via lhe reaction of humic subslanccs ,,ilh chlorine lllld chloromine used for ,,'IIICr 

disinfection) (Ohya and Kll!1no 1987; !PCS, 2000). In the USA. 35% of the surface 

\\1lltr plants and 23% of the groundwu1er plants using chlomminc as a primary or 

secondary disinfectant repon cyonogcn chloride formation (US EPA. 1985). 

1·111ilc 2.1: Cyanide Concentrations in Food Products. 

Type of product 

Cereal grains and their products 

Soy protein products 

Soybean hulls 

Apricot pits, ,,c1 ,vc1gh1 

Home-mode cherry juice fron, pined fruits 

1 lomc-modc cherry juice containing I O�/o crushed pi IS

Con1111crcinl fruil juices 

Cherry 

Apricot 

Prune 

Tropknl foodsluO's 

Cassavo (biller)/ dried root cortex 

Cassava (biller)/ leaves 

Cossova (bitter)/ ,vholc 1ubcrs 

Cassava (swccl) / leaves 

COSSB\'a (s,veet) / ,vhole tubers 

Gori flour (Nigeria) 

Sorghum / ,vholc immature plant 

Bamboo/ in1ma1urc s1too11ip 

27 

Cyanide concenlrntion 
(in 1ng/kg or n1g/lilcr) 

0.001-0.45 

0.07-0.3 

1.24 

89-2170 

5.1 

23 

4.6 

2.2 

1.9 

2360 

300 

380 

451 

445 

I 0.6-22.1 

2400 

7700 
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Luna beans from JB\'B (colored) 

Lima beons from Pucno Rico (bl:ick) 

Lima bc:ins from Bunno (,,h11e) 

3000 

2900 

2000 

from '\TSDR. (1997); Nuney, (1980): llonig tt (I/., (1983): JECIA, (1993) 

I lumon c�posure to cyanide by dielllt)' 1ntoke is es11ma1ed to be potcntioll) of major 

signifiC41lcc for cossavo-c.onsuming populations; cnssa,·o hns been estimated to be the 

stnplc food for 500 million people (\VIIO, 2004) Ho"c,cr, data on the concentration!> 

or cyon1dcs in the total diet nn: lackins. hence, the druly C)ill1ide intnke from food 

cannot be colculotc:d. For human consumption, c:tssnvn c:311 be eaten ra,,. cooked, or 

F,rtlted Md roosted into Oour and eaten ns "gori." \\ilich is the con1mon fonn in  Nigeria 

(Kcndirin1 el al., 1995). In �lo7.llmbiquc, i t  \\.l.S estimated th:11 10 fomilics 01Tcc:1cd by 

the "mnntal.Msa" dlsensc (sp351ie pamparcsis), the dmly intnl.c of cyunogcns \\"llS 14 30 

mg (ns C)anide) 01 the time of a mnntal.oss:1 epidemic In 1981 (�linhtry of llcollh, 

�loun1biquc, 1984) In Nigerit1. it \\US C!,ti111a1cd thot the 1ntokc of hydrogen cyanide in 

the 1rop1col otn.,10-cnJemic: areas mny be as lush as 50 n1g/doy (Osuntokun. 1981 ). 

H)drogcn e)on,de con be produced b) h)dtol) tic rcnction cntnlysed by one or more

cnz)'mes from the: plants con101n1ng c:ynnogen,c i:l)cosidcs. In 1.cmcls, for C'<omple. this 

rcocuon is cnlUl)�cd by the elll)mc emuls,n (I nsch o.nd El Sho\\11, 1981) \\hen the 

seeds ore cru hcd and moistened. i-\mygdohn (,\lhich 1s olso present in Cll$$1Vll, biller 

almonds, and pc.1ch stones) is con,cncd to glucose, bcnmldch)de, o.nd h)drogen 

cyanide (Figure 2) (IPCS. 1992) 

CHJO" 

2H10 • 
2 

• 

H 

2 �ose • C'fll'ldt • btn� 

Figure 2.2: ll)·drol)sis of nm)gdolin 
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ll)drogcn cyanide release can occur dunng n1ocero1ion of foods containing cylllljdc,

11hich octi,•olc� introcellular bc1u-glucosidoscs. TI1is rcnc1ion can olso resull from 

chc1\ing, 11ruch causes the enz)mc ond the cyanogenic gl)cosidcs ston:d in different 

comp;irtmtnLS to combine (Ermnns ct ul., 1980, Nahrstedt, I 993). The rcae11on occurs 

rop,dly in nn nlf..aline cnvironrncn" and the hydrolysis is complcle in 10 min 

H>drolysis is possible in an acid solution and mkcs pince slo1vly Liberation of

hydrogen cyanide from cynnogcn1c glycosidcs occurs iuUlllly aflcr ingestion nnd 

hydrolysis by the glycosidoscs of the iniestinnl micronoro and, 10 o lesser degree, b} 

glucosidascs of the liver and other tissues (PadmaJn, 1995). 1101,i:,cr, hydrolysis may 

olso occur during the prcpa.r:uion of the food, ,vhich may account for the short interval 

between ingestion and the appearance of signs of poisoning in some accidents (Lnscb 

and El Sha11-a.. 1981). 

II 1w also been sbo1vn in humans that a substantial pnrt of the ingc:s1cd linwnnnn ,s

absorbed and c,crctcd intoct in the urine (13rimcr and Rosling 1993). hs toxic role 

remains spcculo1i,c but one is certain that the cyunide libcroted rron, linnmarin is the 

prim31) cause of 1oxici1y in cassnvn \Vhen lirwnllrin comes into contact 1,ilh its 

b)drol}llc tru)mc. hnomnrusc. the molecule is split into s]ucose Md its aglycone.

acetone cyanohydrin. fhe lauer con be further degraded b) QJlOther enzyme or 

spontaneously under ollohnc condiuons 10 fonn h)drogcn eyarudc and glucose. Thus if 

the residual ltnnmonn and its breakdo1,11 products 11rc not rcmo,ed during food 

proccsslJlg. they may be rcuuned 10 the foodstuff II IS belie, cd that in hum.:ins.. 

linam:i.nn am be broken do1111 b) hnam� found ,n the b3Ctcna that reside in the 

rntcrun.:tl trocl n:sult,ni in release or h)drogc:n cyarudc. fortun:nel), hunwu can 

rcnd1ly neutralize about 10 mg of C)an1dc by n rc,c:rs1blc rc:ic:uon 1,ith methcmoglobin 

Cr8'.:tion 111 the red blood cells (Lundqu1s1 ti 11/ 1985) Rhod.1ncsc c:in furthl:r con,ert 

ma1ori1y or the cylJlidc to lcu toxic th1ocyana1e, 1\htch 1s then c.xcrctcd 1n the unnc 

The princi� feature) of the toxicity profile for C)anide arc 11J high acute 10,1C1t) b) all 

routes of administrauon, Y.llh a "Cf)' sleep and ro1c-dcpcndcn1 do�fTcc1 Cut\C, and 

chronic to,icity, probehl) mc:diaic:d through the main n1clllboli1c IJld dc1ox11it'llt1on 

product, thiocyan31c TI,c lo"<ic cllccts of C)Dnlde 10n in hun,an, 1111d aru� � 
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gcnemll) similar and ore believed to result from inactivation of cytochrome oxidnsc and 

inhibition of cellulnr respiration and consequent histotoxic nnox,n. Inc primOI) toracts 

of  cyanide toxicit) in humans and animals on: the cordiovasculnr. respiratory, and

central ner,ous systems The endocrine S)Stem is olso n potential torgcl for long-term 

1ox1cit). os a function of continued c�posurc to thiocyanate, ,, hich prevents the uptnkc 

of iodine in the thyroid ond nets as o goi1t0genic agent. 

In humans, \\here.is slight effects occur at e.,posure le,el) of 20-40 ms,m>, 50--«>

mg/n13 can be tolerated \\ithout immediate or lntc ctrccts for 20 min to I h. 120-150 

mg/ml may lead to death afier 0.5-1 h. 150 mg/m3 1s likely to be fatal ,vithin 30 min. 

200 mgtm> is  likely fatal oJlcr IO min, nnd 300 mgtm> is immediately fatal. The lo,,est 

rcponcd orol lcthnl dose for humans is O.S4-mg/kg-body ,,,dght. and the a,·eroge 

absorbed dose at the time of death hns been estimated at I .4-mg/kg body \\�ight 

(cnleulatcd as h)drogen cyanide). Sequelnc aficr sc,crc acute 1ntoxiCJ111ons may include 

neuropsychiatric monifcstotions and Parkinson-type disease Cyanide from tobacco 

smole has been implicotcd as o contributing foctor In tobacc0-3lcohol 41Tlbl.>op10. 

Long-term C.'(posurc to lo\\er conccntr.11ior\S of cyonidc in occuP3tionol settings C1111

result in a varlet) of symptoms related to ccntrnl ncnous system etTecb. 

Long-term consumption of cnss:i,a containing high le,els of cynnogenie gl)cosidcs has 

bem assoc1oted ,vith tropical atn.�ic neurop3th). pastic pat11p3tCSis. and, in areas \\ith 

low iodine intake, development of hypothyroidism, goitre, and cretinism (\Vl"IO. 2004) 

\\'lulc exposure to C)anrdc has been crudely cstimotcd to be IS-SO mg/da) in endemic 

areas 111 some such c.uc , o,ving to  1he limitotions of d.:ilO on c,posurc and potcnu:ll 

impact of confounders such as malnutritron, lo , v  protcrn content of the diet. vil4mln 

dcficimcics, and iodine stntus, the avo1lable dJto do not provide mcnningful infonmtion 

on dose response for cy1111idc (\VHO, 2�) 0.itA on c:nd,po1n1S other than ec:ute 

toxicll) 11rC some\\llull limited. fhrs is attribuuible 1n h1rsc pal1 10 Jifficulti(') 1n 

conducting. for example, in, csugauons of rcpc:,tcJ-<losc or chroruc tO!<ICII) Jue to the 

hi&h ocute to,uch) of the compound Cynnrde, ore \\c.tl.l) 1mtntina to the sl1n and e)e, 

data on KOSrliZJng propcnio or con:1nogenrc11y ol h)Jro11en C)nn1dc or 1L, aU.ali �b 

ha\c: not been identified Although son1c\\hat hm11ed. the \\-cl.:tit of c \ iJerxc �lf 
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a\·llilable d:ito indicntcs that C}onidc is not gcnotoxic and th:it ii induces dcvclopmcnial' _____ __ 

cfTccts only at doses or concentrations that ore overtly toxic to the mothers (WI 10.

2004). Avniloblc data in human populations are considered inodcquntc as o basis for 

chnractcriwtion of dose-response for chronic ingestion of cyanide 

In a 13•\\cck repeated-dose 1oxici1y study 1n \\•hich cyanide \\115 administered in 

drinking-,vatcr. there \\ere no cliniClll signs associated \\ith central nervous S)stem 

effects or histopathological effects in the brain or thyroid of rots or mice exposed 10 

doses up to 12.S mg and 26 mg cyanide/kg bod) \\eight per day. rcspcctivcl) At 12.S 

mg cynnidc/kg bod) ,,·eight per day, there \\l!l'C sligl11 changes in the rcprotlucthe troct 

in male rots. \\hich, although they opporcntl) \\Ould not affect fertilit) in rats. ore 

possibly significnnt to humnns The no-obscr\•ed-odverse-cfTccl level (NOAEL) for 

these effects ,,-:is 4.S-mglkg body \\'t'.ight per day (\VHO, 2004). The examination of 

ncurotoxieity in this stud) \\US limited to clinic:il obser\.1tion nnd optical microscop) in 

autopsy. The fc,v ovoiloble studies specifically intended to in\cstigatc neuro1oxic1t), 

\\hile rcponing adverse elTeets ot exposure levels of 1.2 mg eynn1dcJl.g body \\eight per 

d.1) in rats and 0.48 mg cyanide/kg body \\'C1�1 per dny in goot.s, suflcr from 

"e3.knesscs !hat preclude their quantitathe assessment (\VI 10, 2004). 

In rclauon to cbaractcrizotion of concentn11ion-rcsponse for n:pc::itc:d-dosc to'<ic:ity for 

1nhala11on (rclevunt principally to the occupotional environment). in three separate 

studies in rais. there \Vere no adverse systemic effects in rats e,poscd to acetone 

C)'IUIOh)dnn. which is rapidly hydrolysed to hydrogen C)anidc at physiological pH. at 

conccnll1llions up to 211 mglm1 (corresponding to o concen1r.11ion of 67 mg h)drogen 

cyanidc/m1) (\VJIO, 200-I). lhe stccpne� of the dosc-cJTcct curve b 11lustn1tcd b) lhc

obsavotion of 30-/4 monoht) among rats exposed � of the dA) 10 225 mg occtonc 

C)'llll0hydrinlm1 (71 mg h)drogcn C)W1ii.lctm') Ad\ersc err«� or e\po urc 10 lhc IO\\

conccntra11ons o f  cyanide that ore gc:neroll) present 10 the i.cncrol en, 1ronmen1 (· I 

µg1m' 1n ambient air. <'JO µg/lltrc 1n ,,11tcr) ore unhJ..cl> Acute e)nniile 1010,ications 

may arise from c.iting opncot li:emel chol.cchc:mcs and other stone fnut l.emcls \\'llh 

high conccnlr3tions of C)onogcn1c gl)c0)1dcs ln!ldc:qwuel> prcl'Jl'Cd eas.'1\U. "hen 

consututing the major pa,1 of the diet, ma} be har..udous {\\'I 10, 200-i) 
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2.6 �lclaboliJn1 a n d  klnclics or cyanide In humans and c1pcrlmcnral model, 

2.6. I Absorption 

Hydrogen cyanide nnd other cyanide salts, 1s l'Clldil) absorbed rollo,�ing inhnla1ion. 

orol, Md dcrmnl exposure. Follo,\;ng exposure to cyanide in lhc atmosphere, 10,1c 

nmounts of cynnidc nrc absorbed ,vilh gn-.11 mpidit) through lhc bronchioJ mucos:i Md 

nJ,eoli (A TSDR. 1997). llun1nns retained 58% of lhc hydrogen cyonidc in the lungs 

after inhnling the gns through normol breathing (A TSDR. 1997; l..and:ihl and llcmnnn.n, 

1950). Alkllli mcllll cynnidcs nrc rapidly absorbed fron1 lhc gnstrointcstinal trocl. The 

prcsc:ncc of food in the gul, the pl I of the gut, and the lipid solubility of the cynnide 

compound olTe<:t absorption. Gnstrointcstinal absorption of inorganic cyanide salts is 

slower lb.in pulmoll!II} absorption. nnd the onscl of symptoms is delayed and the 

sc,erity of symptoms diminished compared ,,'ith inhnlotion (\VI 10. 2004). \Vhen simple 

C)unide salts such os potnssium ond sodium C)nnidc arc ingested, free cyanide ion can 

rapidly bind hydrogen ion 10 form hydrogen t)'nnidc in the hight) acidic medium or the 

stomach. Essc:n1ially all cyanide ingested os cyanide snits ,viii form h)drogen cynnidc 

and "ill be quick!) absorbed. Howe\:cr. aOcr orul inlal..e, onl) port of the dose re.iches 

lhe blood due to first-pass me1:1bolism b) the liver (ECETOC. 2004). Cyanides nrc ,, ell 

absorbed via the gnstroiotestil13l tracl or skin nnd rap1dl) absorbed via the respmuory 

lr1IC1. Once absorbed. cyanide is rapidl) and ub1qui1ousl) distributed throughout the 

body, although the highest le,els nrc typically found in the h,er. lungs. blood. 1111d 

bnun. There I) no accumulation of cyanide in the blood or tissues follo\\wg chronic or 

ITJ)CIIC4 e-.:posun:. 

Liqwd C)111lide compound, arc easily ob�rbed through inlllct �i..1n upon dirttt ront:u:t 

due to their lipid solubiluy and rapid cpidc:mutl pcncuuuon SJ..1n absorpuon of \1IJ)OW'S

or hydrogen cyanide: is nlso po1sible \\hen the Air c:onecn11111ions arc high (\VI 10. 2004). 

The amount nnd 1111e or nbsorpuon of C)llllidcs from aqucol.b 1iOlu1ions or otmosphcnc 

h)drogen cyanide depend upon the prc:scncc of moisture in the �J..1n. com:entration and 

pit of the solution, the surface o.rn of con111ct. o.nd the durotion of contact (Dugw. 

1987). In utro studies Y.ith hUJJWI sl1n ha,c sho,�11 th.:at pcnc1rouon (If 'Odium C)110idc 

in aqueous solution through sl1n dccrc.ud Y.llh 1ncreas1ng pl I (10.:rca.,inll d1s.soc14llon). 
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2.6 �1ctabolbn1 and klnctic., or cyan Ide in humans and  circrlmcnlal models 

2.6.1 Absorrtion 

ll)drogcn cyanide and other cyanide Slllts, is readily absorbed follo\,ing inluiJ01ion,

oral. and dem111J exposure. Follo\\10g exposure 10 C)1lnidc in lhc 01mosrherc. IO\JC

amounts of cynnide an: absorbed \\'ilh great rapidity lhrough lhc bronchinl mucosa and 

al \coli (ATSDR. 1997). Humnns retained 58% of the hydrogen cyanide in lhc lungs 

ofter inhaling rhc gas through normal brcalhing (ATSDR. 1997; Landllhl and I lemnann, 

1950). Al�aJi metal cynnides � rapidly absorbed from the gastrointestinal tract. The 

presence of food in lhe gut, the pH of the gut, Md lhc lipid solubiliry of the cyanide 

compound atTect absorption. GllStrointestinoJ absorption of inorganic cyanide salts IS 

slO\\'Cr than pulmonary obsorprion, and the onset of symptoms is delo.>ed and lhe 

SC\.crity of symptoms diminished eompa.rcd \\llh inhnlotion (\VHO, 2004). \Vhen simple 

eyorude salts such os porossium and sodium cyonidc nrc ingested, free C)1U1idc ion Cllll 

rapidly bind hydrogen ion to form hydrogen C)llnidc in lhc highly acidic medium of the 

sto!ll3Ch. Essenrinlly nil cyanide ingesred ns cyanide salts \\ill form h)drogen cyon1dc 

1111d \\ill be quickly absorbed. l-lo1vcver, after oral into.kc, onl)· p:in of the dose l'Qchcs 

the blood due to lirst-pass mctnbolisnt by the li\er (ECETOC, 2004). Cyanide:, ore 11ell 

absorbed 1-i:i the gastroinrcstin:il tracr or skin and rapidl.> absorbed v10 the re:.p1mlol') 

llXL Once absorbcJ, cyanide is rapidly and ub1qu11ously distributed throughou1 the 

bod), all.hough lhe highest lc,cls nrc t) picolly fow1d in the liver. lungs, bloou, and 

bra.in. There t> no accumul:tuon o f  cy11rudc in the blood or tissues fol101,ing chronic or 

n-pc,tod expo�ure. 

Liquid cyunide compounds nrc c:i.sily absorbed through intact sl..Jn upon direct contact 

due 10 rhc1r lipid solubiluy onJ rapid cpidmnlll penetration Skin absorption o( \ opoun. 

of h)dro&cn c)anide ,s abo po)Siblc \\hen the air conccntratioru a.re h1'1h (\\'I 10. 2004) 

The amounr o.nd rote o f  obsorp1ion of C)ll111des from aquco� solutioru or atmosrhcnc 

h)drogen C)unide depend upon the presc�� o( mo1s1� in rhc slin. concentration anJ 

pl! o( lhc soluuon, the surf11ec area o( conl4ct, anJ the: dun111on or conl.1Ct (Duiani.

1987). In 1·11ro 11uJ1es \\Ith hunun �k,n M\C sho\,n rluit pcnc:1111tion of soJnirn C) 11,dc 

1n oqucou, soluuon through ikin decreases \\1th in�mis1n1 rl I (in<:rclb1ng J1ssuc1.1t1on). 
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rcOect,ng the more rapid absorption of  the un-dissocia1ed h)drogen cyanide. The 

pcnncability eonsttu1l measured for the cyanide ion in aqueous solution \\llS 3.5 " I0--1

cm/h, ond that calculo1cd for hydrogen cyanide \YUS I x I 0--1 cm/h (Dugnrd, 1987), 

2.6.2 Distribution 

Hydrogen cynnide has a pK1 of 9.22; thus, .11 physiologicol pH (about pl! 7.4), 

hydrocynnic acid is distributed in the body o.s hydrogen C) onide tu1d is not present a.s lhe 

fn:e cyanide ,on. Hence, the fonn of cynnidc to which exposure occurs, the soft or lhe 

fn:c acid, docs not innucnce distribution, melllboli.sm, or c.xcrction from the body 

(ECETOC. 2004). Inhaled or pcrculllllcously absorbed hydrogen cyanide J)3.SSCS

immediately into lhc systemic circulation. The distribution of cyanide 10 the various 

tissues is rapid ond fairly uniform. Somewhat higher le\-els arc gcnCJUlly found ,n  the 

li\'cr, lungs, blood, Md brain. The tissue levels of h)drogen C)anidc \\,:re 0. 75, 0.42, 

0.41, 0.33. ond 0.32-mg/100 g of tissue in lung. hC31'1, blood. kidney, Md broin, 

respccti,ely, in a mnn ,,ho died foll0\\-1ng inhalation exposure to h)drogcn cynnidc gas 

(Oettler and Baine. 1938; A TSDR, 1997: Oallan1yne, 1983; ECETOC. 20().J). In 

contr.1St. high proportions of inges1ed �odium and po1a.ssium eYQJ11de \\111 pass through 

the lhcr and arc detoxified by !he lirst-pass effect. The maJor portion of C)anide in

blood is sequesten:d in the el'}'WOC)1CS, and a relatively small proportion is  transported 

\-io !he plasma to llll'llet organs. C)onide is conccnl.rllted in red blood celli. ot o red blood 

cell to plasma ratio of 199.1, le\els 1n plasma n:ncct tissue lc\els better thon levels in 

\\hole blood or crylhroc) tcs. Small but s1gn11icant levels of cynnide arc found in  normal 

blood plasma (<140 µg/liin:) and other tissues (<0.S mg cyonJdcll..g) of humans \\ithout 

kno\\11 occupauonal C)11111dc exposun: (I cld1tcin nnd KlcndshoJ, 1954). These IC\cls 11tt 

ft'l111ed mosd) lo exposure 10 t)anogcn,c rood ,·iU1m1n 811, nnd tobacco ,moJ..e \ 

dcwled sul'\cy of norm.ii plllSl'l\3 cyanide lncls Ill 10 cases ho,,cd o m11.,,n1um lc\'cl 

of 106 µg/litn:, w11h o mean of 48 µa,l1lft' (fcldstc,n and Klcn�hoJ, 195-4) \ftcr 

c��on of clCposun:, plo.smo cyonidc lncls tend 10 ft'IUOI to nonnaJ \\jtJun 4 8 h 

(fcldstein and Klendshoj, 1954; A�II ond 1 c,vis, 1970) 
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rcOecung the more rapid nbsorplion of  the un-dissociorcd h) drogen cyonidc. fhe 

permeability constnnt measured for the cyunide ion in oqueous solution Ytns 3.5 � 10� 

cm/h, and thot cnlculatcd for hydrogen cyanide ,vns I x lo-' cm/h (Dugord, 1987). 

2.6.2 Distribution 

H)drogen cyanide hns o pK1 of 9.22; thus, 01 physiologicnJ pl! (about pH 7.4 ),

h)drocyonic acid is distributed in the body ns hydrogen cynn1dc and is nor present os the

free C) onidc ,on. Hence, lhc fom1 of cyunidc 10 ,vhich exposure occurs, the salt or the

free ocid. docs not influence distribution. n1cU1bolism. or excretion from the body

(ECETOC. 2004). lnholed or percutaneously obsorbc:d h)drogcn cyanide passes

immediorcly into the S)Stemic circulation. The distribution of cyunidc 10 lhe vorious

tissues is rapid ond fairly uniform. Son1cwhn1 higher levels on: gcncrnlly found i n  the

li,er, lungs, blood. and brnin. The tissue levels of h)drogen cynnidc ,,-ere 0.75, 0.42,

0.41, 0.33, o.nd 0.32-mg/100 g of tissue in lung, hc:ut, blood. l,,.1dney. and broin,

respecthcl). in o man ,,ho died follo,,1ng inhalation c,posure to hydrogen cyanide gns

(Genier ond Baine. 1938; ATSDR, 1997; Ballantyne, 1983, ECETOC, 2�). In

COOlr.lSI. high proponions of ingested sodium and pouw1um cyanide ,, ill PMS through

the !her and an: detoxified by lhe first-pass clTccL fhc ma1or ponion of C)nnidc ,n

blood 1s scquestcrcd io the crythroc) tcs, and o relatively small proponion is trnnsponeJ

,u1 the plasma to 14r1:ct organs. Cyanide 1s concentrated in red blood cells 01 n red blood

�II ID plAsmo rauo of 199: I. le, els in plnsm:i reflect 11ssue le, els bcuer tlWl le, els in

Ythole blood or erythrocytes. Small but s1gn1ficon1 Jc, els of cyanide ore found i.o normal

blood pwma (<140 µi:tJitre) ond other tissues (<0.S mg cyonidc/kg) of hununs "itliout

l.:noYtTI occupatJorw cyanide c"'posurc (fcldstcin ond KlcndshoJ. 1954). These IC\-cls an:

related mo)tly ID exposure to C)1111ogc:n1c food, vitamin Bu. ond tob.tcco "lllokc. i\

dcuulcd SUf\C)' of normal pla.snu C)11t11dc lc, cls in 10 ClbCS ho\\cd o ma.,,munl re,cl

of 106 µg/litrc, w11h a mC'J/1 of 48 11g/li1re (feld.stcin and t-.lcnibhoJ, 195-1) '\Iler

CC"lsatJOn of e\po�urc, pla.sm:i C)'anide lc�cls 1mJ 10 return 10 normal \\ltlun �Sh

(fcldstc,n ond Klcndshoj, 1954; ARS<II wid l cwis, 1970)
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In nus dosl-d b) gavage. highes1 concen1r:11ions of  C)Onide \\ere found in the liver, 

follo,ved b) 1hc lungs and blood (Ywnruno10, 1990). Aller inhalation exposure. the 

hi[:hest concentra1ions of cyanide in rots \\ere found 1n 1he lungs, follo,ved by the blood 

and liver. loerc is o cun,uln1ive effect of exposure 10 1hiocyona1e (from 1he breakdown 

of cyunogcnie glycosides in food plants), rcsuhiog in 1hyroid 1oxicily, including go11cr 

and crc1ioisrn (Nahrstedt. 1993). A nun,bcr of illuslrnth e levels of cyanide in organs 

and blood oiler oral inlllke in humans (Ar,scll and Lc,vis. 1970; A TSDR, 1997) and 

rabbits (Olllhmtync. 1983) ha,e been reportl-d. For a given exposure roulc, ,vholc blood 

and scrum cyanide le,·cls a.re quilc simil:ir for different species (Bttllwllync. 1983). 

2.6.3 l\1e1abolhm :ind Excrecion 

Although cyw,ide can in1croc1 ,vi1h subscanccs such as mcthnemoglob1n in the 

bloodst:ream, che majority of cytlllidc mecabolism occurs ,vithin the tissues. Cyanide is 

mcU1bolizcd in marnmaliw, syslcms by one major rou1c o.nd several minor routes. The 

m:ijor route of me1abolism for hydrogen cyw,ide and cyonidcs 1s de1oxifie311on in the 

li,·cr by the mitochondrial enzyme: rhodancsc, \\hrch catal)SCS the trnnsfcr of the sulfane 

sulfur of thiosulfate to the cyanide ion to form thiocyanate (F1surc 3) (\V1lliams, 1959; 

Ansell and Lc"is, 1970). TI1is rou1c dc1oxifics about 80,o of cyurudc The nue-lrmicina 

step IS the arnounl of thiosulfalc. \Vhrlc rhodanesc is prc<1en1 in the m11ochondria of all 

tissues. the �p«ies and 1issuc disllibulions of rhodanesc lltC highly vnriable In general, 

the highest concentra1ions of rhodancsc ore found in the liver. kidney, brain. anJ 

mu.sc:le, bu1 the �upply of th1osulfo1c: is limned (Aminlari ti al, 1994). Rhodancsc " 

prcsc:nt in rat n.u;iJ muco!i.1l II\\UCS, p:u11cularl) in 1hc: olf11C1ory region. nt o 7-folJ 

higher conccn11111ion (on a per mrlhg,arn of mitochonJnol protein b.uis) than 1n the 

h\c:r (ATSDR. 1997) Dogs ha,e II lo\\-er o,crall ac1iv11y of  rhodancsc th:ln mon�e), 

rats, and rubbus (ATSDR 1997) 
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In rots dosed by gavogc. highest concentrations of cyanide were found in the liver. 

follo,,-ed by the lungs and blood (Yanuunoto, 1990). After inhalation exposure. the 

highest concentrotions of cyanide in rats ,,-ere found in the lungs. follov,cd by the blood 

and lh·cr. There is a cumulative effect of exposure to thiocyanate (from the brcakdo,vn 

of cynnogcnic glycosidcs in food plants), resulting in thyroid toxicit). including goiter 

and cretinism (Nahrstedt, 1993). A number of illustrntive levels of cyanide in  organs 

and blood after oral intake in humans (Ansell and Lc,,,is, 1970; ATSDR. 1997) and 

rabbits (Ballantyne, 1983) have been reported. for o given exposure route, ,vholc blood 

ond scrum cyanide levels are quite similar for diOcrcot species (Ballantyne. 1983). 

2.6.3 l\1ctabolism nnd Excretion 

Although cyanide con internet ,vilh substances such as mcthacmoglobin in the 

bloodst.rcrun. the majority of cyanide metabolism occurs ,,ithin the tissues. Cyanide is 

mcl.llbolizcd in mammnliM systems by one major route and several minor routes. The 

major route of metabolism for hydrogen cyanide and cyanides is dctosilicntion in the 

liver by the mitochondrial enzyme rhodll!lcse, ,, hich catalyses the transfer of the sulfnnc 

sulfur of thiosulfatc to the cyanide ion to form thiocyanate (Figure 3) (\Villinms. 1959; 

Ansell and Lewis, 1970). This route dctosiftcs about 80% of  cyanide. The rote-limiting 

step is the amount of thiosulfatc. \Vhilc rhodanesc is present in the mitochondrin of nil 

tissues, the species and tissue distributions of rhodonesc nre highly \'ariablc. In generul, 

the highest concentrntions of rbodancsc are found in the lh•er, kidney. brnio. and 

muscle, but the supply of thiosulfotc is limited (Aminlnri ti al., I 994). Rhodan� is 

p�nt ,n rot nosal mucosol tissues, particularly in the olfactory region. 111 a 7-fold 

hightt concentrntion (on II per n,illigrnm of mitochondrial protein basis) I.hon 10 the 

liver (ATSDR. 1997). Dogs hove a lo\,cr ovcrnll activit)' or rhodanese than mon�C)'-. 

rats. and robbtt.s (ATSDR. 1997) 
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Melabolls1n of 
one-carbon 
compounds 

Some excreted 
In urine 

HCOOH 

\ 

Formates 

HCNO 

HCN 
(expired air) 

NH2 
I 

S-CH2-CH-COOH
1 / 2 I 

S-CH2-CH-COOH
I 

cN· 

/ Cyanide

Major pathway SCN. 
(SO¾) • Thiocyanate 

NH2 

Cystine 

NH2 

Minor 
pathway 

NH2 
I 

S-CH2-CH-COOH
I 

CN 
/3-Thiocyanoalanine

NH 

s� 
�NH 

SJ( 
...i•:..---.. .. �NH 

COOH 

2-Am1noth1azoline·
4-carboxyhc acid 

COOH 

2-lminothiazolidine-
4-carboxyhc acid 

Cyanocobalamin 
(Vitamin 812)

l'lgu re l.3: Basic processes 1n, olvcd in the mctobohsm of cynnidc (A TSDR. t 9<>7)
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A nun1bcr of other sulfur trnnsfernscs can olso metabolize cyanide, and nlbumin, "hich 

Clinics elcn1cntnl suJfur in the body in the suJfanc form. can nssist in the catnJysis of 

cyanide to thiocyanate as ,veil (Sylvester ct nl., 1983: \Vcsllcy el al .. 1983). Cyanide 

QJld thiocyanate can also be metabolized by several n1inor routes, including the 

combination of cynnide \\1th hydroxycobolnrnin (vitamin Bua) to yield cyanocobaJnmio 

(vi1an1in B12) (Boxer and Rickards, 1952) and the non-enzyn1atic combination of 

cyanide \\1th cystinc, forming 2-iminothillZOlinc-4-carboll.')'lic acid, ,vhich appears to be 

excreted ,vithout furl11cr change. 

In studies ,vith rats orally administered potnssiu1n cyanide nod maintained for up to 4 

,vceks on either ii b:llanced diet or a diet lacking the suJfur amino acids L-cystine Md L­

mcthiooine, a strongly positive line:ir relationship \\11S found betw'cen blood cyanide 

and p13S111a C)'llllate (OCNl concentration (f or-Agbidyc el of., 1999). It \\US suggested 

that in Africa, ,vhere there are protein-deficient populations ,,hose levels of suJfur­

contnioing amino acids arc lo\\', cyanide (from prolonged usc of cassava) may 

c-0nccivllbly be converted to cyanate, ,vhich is koo,vn to cause ncurodcgcocroti,c 

disease in humans o.nd animnls. 

\Vhile absorbed cyanide is principally excreted ns thiocyanate in the urine, traces of free 

h)drogen cyanide may nlso be excreted unchnnged in the lungs, salha. S\VC.:ll, or urine 

(Hartung. 1982), as carbon dioxide 10 expired air, or ns btto•thiocyanoalnnlnc in sal1,11 

and S\\C:St (Friedberg and Scbwurtzkopf, 1969; H:irtung. 1982: JECFA. 1993) 

Th.iocyanate was found in the urine of non-exposed people nt averogc concrotrations of 

2. I 6 -mg/1itrc urine for non-smokers and J.2-mg/lilre urine for smokers {Chandra el al.,

1980). Urinary excretion of thiocyanate \\'IIS monitored in n mnn after ingesuon of about

3-5 g potnssium C)nnidc (IS-25 mg cynnidc/kg body ,.,,eight) (Licbo\\>il7 and Scb\\-:irtt.

1948; ATSDR. 1997). 1l1c results indicated that ll1e p:11icn1 excreted 237 mg of

thiocy.uuu,e over o 72-h period This quantity \\'OS substnnunlly more thlln the normal

D\'crngc amount ofthioc)'lll\lllt in urine, which "arics from 0.85 to 14 mg/24 h (ATSDR

1997). 

The limillng fnctor 10 cywudc rnctobolism II the lo\\ conccntrntion of the �ulfur-

conlllining substrntcs in the body -prinuuily thiosulfate, but also cys11ne and C)stcine 

The rote of sponWICOUS dc1oxificn11on of cyanide 1n hUl1l!UIS is about I µg. \g bod) 
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\\'eight per minute (Schultz nnd Roth. 1982). \Yhich is considerably slo\ver thnn in small 

rodents (Schubert nnd Brill, 1968) or dogs (UJ\vrcncc, 1947). 

2.7 1'01cnlil1l be11llh cCfecls in bumnns 

2.7.l EIJccls of short-lcrm (Aculc) c1:posurc 

lnhulalion: 

Po1J1.SSium cynnidc is o solid. \Yhich docs not fonn o vapour ot room temperotun:. 

Ho\vever, inhalation 10 potassium cyanide con occur follo\ving exposure 10 the dusl ond 

10 mists or vapours from heoted or misted solutions. In general, dusts or mists can be 

\'try irrilllting 10 lhe nose nnd throat. Nlore importantly, potassium cyanide releases 

hydrogen cyanide \vhen combined \vilh \\'Iller or ocid. llydrogcn cyanide is on 

extremely 1ox.ic gos, \Vhich cnuses death nt very lo\v concentrations. Jt is n rapidly 

absorbed 1111d fns1-nc1ing poison. \Vhich poses n very serious inhalntion baz.D.td. The 

odour threshold of hydrogen cyanide is very lov,• (0.6-4.5 ppm). but it docs not provide 

a reliable \\urning of c,'(posurc. Some people (up to 20"/o of the population) ore unable to 

smell CYQllide, even at h.ighly toxic conocntrntions (ATSOR, 1997). The cnrly S)mptoms 

of C)'llllidc poisoning may include nnxicty 1111d exciten1en1, \,enkness. hcadnchc. nausea. 

,omiling. metnllic lllSlc, chest tightness, facinl flushing, dro\vsiness, dizziness, irri1111ion 

or lbe eyes, nose :u,d throat, rapid brcnthing, a rise in blood pressure nnd n dcc:re.i.sc in 

pulse. Laboured breathing, fnlling blood pressure, ropid, \\enk irregular heartbeat. 

unconsciousness. :u,d convulsions follo,v these symp1oms. ln sc,erc cases, 

cnnlio\'nsculnr collapse, shock, and fluid nccun1ula1ion in lhe lung> (pulmonary cdemo) 

are follo.,..•ed by death \Vith massive doses, r111111y of the signs ond S)mptoms ma) not 

be seen. 1111d !here is n rapid on.set of poisoning with convulsions, co\lopsc and death 

(BnllMtyne, 1974). 

A cluuuctcrisuc sign of  cyanide poisoning is lhc bnght red colour of blood, "hlch 11\l\)

resull an red skin colour (Go!>--.clin l!I al., 1984). There lll'C mM) report� of c,,11\ldt 

poisoning from occidcntnl, su1c1ditl and homicidal e,posurc to I ICN or 1IS salts (most 

commonly potosSium or sodium cyanide) The majority of people "ho sur.l\e M!Ort· 

37 

•

• 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



tenn cynnide poisoning do not hove long-losting effects. 1-10,vever, depending on the 

degree of exposure, there moy be enduring effects from Jo,v oxygen, including impaired

memory and mo1hen1a1ienl abilities, personality changes, and oltercd contIOI and 

coordinatioo of movement (Hall and Run1ock, 1986). 

Skin Conlncl: 

Potossium cynnide is very toxic if absorbed through the skin. Skin contact ,vilh 

potossium cyanide solutions con cause symptoms sin1ilnr 10 those described under 

"lnholntion" obove. Potnssiurn cyanidt solutions nrc expected to be corrosive, based on 

pH. Corrosive materials con cnusc seven: skin bums "itl1 blistering. pennonent scarring 

nod. in severe cases, death. No conclusions can be dro,vn from o cose repon that 

describes an electroplatcr and metnl \\Orker who developed II unique neuro- bchaviourol 

disorder, diagnosed as on acute psychosis, follo,,ing a signifiC1111t sbon-tcrm exposure 

to cyanide. (l-le \\'IIS splashed in the face by an unspecified cynnide compound.) This 

person also had signifiC1111t long-tenn exposure to several metals. organic solvents and 

elec11oplaling chcn1icnls (Koles ct. al., 1997).

Eye Contucl: 

PoUJSSium cyanide is very toxic if absorbed through the C)C. �ye contact con cause 
symptoms as described under "Inhalation" obo,e. Pota.ssium cyanide solutions a.re 

expected to be corrosive, based on pl I. Corrosive materials can cause very severe c)e 

initation and, in some cases, pcnnnncnt damage to vision, including blindness. 

lngrstion: 
Powsium cyanide is very toxic i f  ingested. It is ropidly absorbed through the digcsti,c 

IJ'Dct n:sulling in symptoms a.s de:.cribed under "Inhalation" obove ln1n1cdiatcl) 

folloY.ing lngcsuon, a bitter, 11cnd, burning IJlStc moy be noted, follo\\cd by constriction 
or numbness 1n the mroa1. There is ropid vcntilatton ond �onness of b�oth. the 
stomach hning is uriLOtcd and na�a and vomiung mo) occur Then unconsciou.�-.. 

convulsions, n1usculor contrnction of the jo". ropid and trTCgUlor pulse, g;i.spin� 

J)311llysis and death may occur (BllSu, 1983) In humans., the n, crogc lcltul Jose of 
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hydrogen cyunidc is cs1in1a1cd 10 be 60-90 mg (Gosselin ct. fll., 1984). A fe,v cnscs of 

Pnrkinsonisn1 (u syndrorne chorocterized by decl'Cll.Sed n1obility, muscular rigidity. and 

tremor) hove been reported in survivors of acute eynnide poisoning. All case reports 

involved non occupntionnl exposure to b.igh oral doses (,,here specified) (Gosselin et.

al., 1984). Ingestion is nol a typicnl route for occupational exposure. If the hydrogen 

cyanide exceeds the lin1it nn individual is able to dctoxify/tolcrutc. dcnth moy occur due 

10 cyanide poisoning. The acute oral lethal dose of h)•drogcn cyanide for human bcin� 

is reported to be 0.5-3.5 rnGfkg bod)'\�eight. Approximately 50 -60 n1g of free C)'lUUde 

from cassnva and its processed products constitutes a lethal dose for an adult m1111. DaLn 

on the oral lethnl dose of cyanide for man in four cases of suicide, calculotcd from the 

MlOUOl of hydrogen cyanide absorbed in the body at the time of denth, and from the 

M1ount of hydrogen cyanide found in the digestive trocl, differed considerably and 

corTCSpondcd to doses of 0.58-22 mGfkg body ,vcight (\VHO. 2004). 

Although acute cassava poisoning sometimes lending to the de)lth of,vhole families bas 

been occasionally reported afler the consumption of iruldequotcly processed cassava 

(Osuntokun, I 981; Cliff ond Countinho. 1995). t· -• 
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Cynnide can affect many functions in the body, including the vnscular, , isual. 

pulmooary, cenlnll nervous, canliac, autonomic, endocrine, ond mc111bolic systems The 

toxico-dynom1c effects can \.111) depending on the dose, route ond speed of 

admirusuntion, chcmicnl fonn of the cyanide, and other fi1cto� including the gender. 

age, ,,eight. stress level, and gcncrol ph}sicol condition of the rcc1ptent (B:w.1n ,, al, 

1998). Proceeding clock,visc from the top of the diog.rnm· VI\SCular effects for C)-unidc 

can include: an 1ni11ol uwuicnt 1ncmuc. follo,,-cd b) 11 dccre:ISC, 1n cnnliac output. 
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Blood pressure falls as the cardiac inotropic effect decrcnscs nnd ns vo.sodilation occurs. 

Visual effects can include a decrease in the capacity to focus, ,vit.h Into-onset mydriasis 

st-condruy to hypoxia, One of the first pulmonary effects from cynnidc is n respirntory 

gasp, ,vhicb is caused by stimulation of chemoreceptor bodies near the aortic 

bifurcation. Mypcrvcntilotion follo\\-s this response. Over tin1e (thi: response is dosc­

dcpi:ndcnt, but seconds to n1inutcs). the frequency and depth of breathing diminish. 

Central nervous system effects initially manifest as decreased o,vnreoess and increased 

release of enkephalins follo,ved by loss of consciousness and convulsions (Baskin et.

al .. 1998). Cardiac effects oiler cyanide exposure ore an increase in heart rate. then a 

decrease; both are accompanied by arrh)thmins and negative inotropy. Cyanide 

produces 11 number of autonomic ner,ous systen1 effects, based on the route and dose of 

the agent. Cyanide can also produce mulliple endocrine effects including epinephrine 

nod bistnminc rclcnsc, and metabolic actions that decrease energy production by the 

inhibition of the use of cytochrome oxid:ise. 

PCr: phosphocrcat.inc 

ATP: adenosine triphosphntc 

C.O.: cardiac output 

2. 7.2 Effects or long-term (Chronic) exposure 

Several human population studies have evnl11111cd the potential health effects of long­

trnn eywtide exposure. In general, these studies arc Limited by factors such as the sm31l 

number of employees evaluated and the possibility of concurrent exposure to other 

potcnllally harmful chcm1Cllls (particulnrly in the clcctroplo11ng industry) In addition, 

fe" SI-Udies report n:lioble measurements of cyanide exposures and even \\hen o.irbome 

concentrations o.rc rcpor1cd, expo�urc may also hove occurred b) skin absorption. 

Despite thc:sc: limilllt1ons. the O\ ruloblc evidence suggests lh:11 long-term o«ur311onal 

t)11nide exposure �y be BSSOC101cd \\ 1th ham,ful effects 1n the thyroid gland and the

ncr,ous system. Long-term exposure to cyanide lllso occurs from smollllg, e.iting foods 

conllllning cyanogcn1c glycosldes, ru,d infection \\ ith cynnidc-rroduc,ng b:u:tcnll 

(\Vilson, 1987). 
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Blood pressure foils os tl,c canJioc inotropic cOcct decreases ond os vnsodilntion occurs.

Visuol effects con include a decrease in the copncity to focus. ,,ith lalc-onsct mydrins,s 

secondary to hypoxia. One of the first pulmonary cfTects from cynnide is o respiratory 

gasp. ,vhicb is  caused by stimulation of chcmorcceptor bodies near tl1c oortic 

bifwcotion. Hyperventilation follo\\"S this �ponse. Over time (the response i s  dose­

dcpcndcnt, but seconds to minutes). tl1e frcqucnc) and depth of breathing diminish. 

Central nervous system effects initially manifest as decreased o,varenc:ss nod increased 

release of cnkcpholins follo"ed by loss of consciousness and convulsions ([3nskin ct

of., I 998). Cardiac effects afier cyanide exposure are an increase in heart rote, then o

decrease: both ore accompanied by arrhythmios and negotive inotropy. Cyanide 

produces a number of autonomic ner\ ous system cfTects, based on the route and dose of 

the agenL Cyanide can also produce multiple endocrine effects includin11 epinephrine 

and histrunine release, and metabolic actions thnt decrease energy production by tl1c 

inhibition of the use of C) tochromc oxidase. 

PCr phospbocrcatine 

ATP: odcnosinc triphosphnte 

C.O .• cnrdiac output

2.7.l Errccu of long-term (Chronic) exposure 

Sc, er.ti human population studies have cvuluatcd tl1c potcnti:ll hcolth effects of long­

term cyanide exposure. In general, these studies an: limited by factors such os the smnll 

number of emplo}ces c,,oluatcd ond the possibility of concu!Tfflt exposure to other 

potenuolly hrumful chcmicnls (paniculorly in the clectropla11ng industry). In addition. 

few studies report reliable measurements of cynnidc exposures and even \\hen nirbome 

concen1.n1tions ore rcponed exposure moy also M\'C occumd by sl,n nbsofl)tlOn. 

Despite these limi1a11ons, the ovailoblc c, ,dence �uggcs1' tMt long-term oc:cup:uion:il 

cyurude exposure 11\llf be ossociotcd \\tth harmful effects in the thyroid gland and lhc 

ncn·ous system. Long-term exposure to cyonldc 11lso occurs from smol..l.llg, eating foods 

containing c)onoscnic sl>cosides, and infection \\ith cyarudc-rroducing bacteria 

(Wilson. 1987). 
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Nervous System: 

Li1nitcd information suggests lhot long-tenn exposure to cyllllides rnoy be associated 

\\ilh hnrmful effects on the nervous S) stem. Son1e of the symptoms observed nre non­

spccilic (e.g. hcndochcs) and could be associated \vilh mony causes. Nc,crthclcss. lhcre 

does se.:m 10 be an association bet,\'Cen some nervous system symptoms o.nd cynnide 

exposure. TI1irty-six mole, non-smoking employees ,vcrc exposed for 5-15 ycors to 4.2-

12.4 ppm cyanide fron1 electroplating bolhs containing sodium ond copper cynnidc. 

Nervous sys1e1n symp1onis \VCfe, in order or frequency, headache. \\ eakncss, cho.ngcs in 

UIS1e ond smell, visWll difficulties, and nervous instability. T,\'O employees experienced 

psychotic episodes, ,vbich they recovered from ,vithin 36-48 hours follo,ving n:movol 

from the nrco of exposure (El Gho\vnbi et. al .. 1975). Fifty-six mole employees \\'Cre

exposed to hydrogen cynoide ( concentrations 001 reported) ,vbilc cngngcd in cnse 

bll.rdcning o.nd clcc1roplating for 2-20 yc!lrs. J\ signilicant incn:11SC in imp:urment of 

memory. visuo.l ability, visual learning ond psychomo1or ability \\'OS observed in 

nposcd employees. comp.ired 10 34 mn1chcd controls. I lcndochcs \\'Ore mon: frequent!) 

reported in exposed \\Orkers (Kumar cl. al., 1991). 

Thirt)-six cmplO)CC� were exposed to h)·drogcn Md sodium cynnidc in a sihcr­

rcclaiming factory by inhola1ion (15 ppm. 24-hour overage concentration). skin conuict 

and possibly oral exposure. An employee died of acute cynnide poisoning ond the plo.nt 

was closed for 7 montbs before the study \\'OS carried ouL An ovcroll exposure indc.x 

wns �lcula1ed based on job cn1cgory, frequency or hnndling cynnidc nod ingcs11ng food 

or drink in the production ore:is. Ncnious systcn1 s)mp1oms. \,hich hod o s1gniliQtlt 

positi,-e correlation ,,ith cxposun:, ,,ere numbness or tingling (parcsthcsia) of lhe 

Clltremitics, cnsy fatigue ond o S)mptom complc� including hcodochc, dizziness. ond

fainting (Blanc et al., J 985) Ncuropathi� in people living in trop1C4l lltCtl.S \\'llh o diet 

high 1n C11SS1vt1, 0 root nc:h in C)'llllOl!cn1c 11Jyc:osidc:s, h!!\c prcvioiuly been ouributc:d 10

cyonidc.( ATSDR. J997) 110,,cver, 1h1s diet 1s ol� high in scopolcun, o cournarin

compound, \Vhich 1:. bcllc,cd 10 be rcspotu1blc for �me of lhc ncuroto,,c cfTcc�

(Obidoa ond Oba)i, 1991) 
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Lungs/Respiratory Systc111: 

Two limited studies suggest thnt long-term cyanide exposure mny be tUsocintcd ,vith 

loborl!d bre:ithing. An increased incidence of effort-induced, lnbourc:d breathing \\-US

observed in 36 mnle, non-smoking employees exposed for 5-15 ye:us to 4.2-12.4 ppm

cynnide from clectroplnting bothl cont.Dining sodium and copper cynnide (El Oha\\-nbi 

ti al., 1975). An nssocintion bel\,ecco laboured breathing nnd cyanide exposure ,vas olso 

obscr\'cd in 36 employees exposed to hydrogen and sodium cynnidc in o silver­

reclaiming factory, by  inholotion (15 ppn,, 24-hour O\'ernge conccntrntion). skin contoct 

a.nd possibly oral exposure. An employee loo died of acute cynnide poisoning Md the

pla.nt \\11S closed for 7 n,on1hs before the study \\'llS carried ou1. An overall exposure

index \\115 cruculn1cd bn.scd on job co1cgory, frequency of handling cynnide ond

ingesting food or drink in the production nreas (Blanc er al., 1985).

kin: 

An associntion bet,veen development of n skin rash nnd cyanide exposure \\'nS also

obsen·ed in 36 employees exposed to hydrogen nnd sodium cyanide in n silvcr­

rccllli.nung factory, by inhnlntioo (15 ppm, 24-hour nvcrnge concentrntion), s\..in contoct 

and possibly oral exposure. An employee had died of ncute C)'lUlide poisoning ond the 

plant wus closed for 7 n,onthl before the study \\.IS corricd out (Blanc cl al .• 1985). 

Digestive System: 

An incrcnscd incidence of  nnuscn nnd/or vomiting \\'aS reported in l\\'0 studies that 

e\'llluatcd employees \\1th loni;•tcrm exposure to crnn1de concentrations up to I 5 ppm 

(\\ith possible concurrent ingestion and sl.tn conlllct) (El Ghn\\"Dbl ti al • 1975). 

E) cs/Villon:

E)e irritlltion ,vas reported in 3 limited studies invohing elcctroplnting \\'Or\..en..

Exposures., \\hen specified. rungcd from 4.2-15 ppm cynnide (Kumnr ti al, 1991). 

HoYt-c,cr, ii 15 not possible to draw MY specific conclusions about the c)c irtitnllon 

potential of long-Lenn cynnidc exposure. bccnusc elcctroplotiog \\ort..ers are c.,poscd Lo

ffl3lly chemicals thllt are imllll.ing 10 the c}cs (.\1 DR. 1997). 

43 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Degenerution of the optic nerve nnd pan of the n:tina (the mnculn) is found in people 

lh<ing in tropical areas ,vilh o diet high in cassnvn. a root rich in cynnogenic glycoside, 

(\Vilson, 1987). In son,e cases, these ctTccts hove been ouributed to cyanide exposure

(A TSDR. 1997). Ho,vcver. this diet is  olso high in scopoletin, a coumarin compound, 

"hich is believed to be responsible for son,e of these efiects (Obidoo nod Obas1, 1991.) 

Blood/Blood Forn,ing System: 

Then: is very limited information that long-term exposure to cyn.nide is  ossocinted ,vith 

hannful effects on the blood. Blood chemistry chllnges (incrC:lSCd ,vbite blood cells nod 

red blood cell sedimentation rate, and decreased hemoglobin level) \\'!IS observed in 34

cmplo}ees exposed to unspecified concentmtions of hydrogen cyanide, ,vbilc cnsnged 

incise hardening and electroplating for 2-20 years (Kumnr el al .. 1991) SLOtisticnl 

:malysis of the results \\US not conducted. Blood chcmisuy changes (increased 

hemoglobin and lymphocyte counts nod red blood cell damage) ,,,:re observed in 36

male, non-smoking emplO}CCS exposed for 5-15 years to 4.2-12.4 ppm cyanide during 

clN:troplnting operations (El Ghn,vobi cl al., 1975). However, exposure 10 copper, nn 

agent kno,,11 to have toxic effects on blood olso occurred. Changes in ,,hitc blood cell 

enzyme activity ,vcrc noted in 43 employees exposed to nn overage concentration of 

0.23 ppm hydrogen cyanide for 0.25-16 y= (o,erogc 5.4 }CDSS) during metal cooting 

operations (Dinc:.i ct al .• 1972). 

Endocrine System: 

Evidence from humwi and animal studies 1ndicote1 that long-term t'{posurc to C)'Unidc 

can result in impaired thyroid function ond enlargement of the thyroid (goiter). 

Thiocyanate, the m:iin mcuibolitc of cyanide, is believed to cause these ctTccts by 
inhibiting the uptake of iodine b} the thyroid (8MCIJCC ct al� 1997) 

F°tndings consistent ""ith imp:iired thyroid function ,,-etc observed ,n 35 lll3!c 
employees, oJI non-smol.crs, \\ho wen: exposed to cyorudc salts for at least 5 }tars.

�hilc \\orking with nn electroplating process. C)·nnidc concentrations ,,ere not rcponed 
(Ollllcrjcc ct al., I 997). �1lld 10 moderate th)'TOtd cnl31'8cmcn1 \\11$ obscl'\·ed ,n 20.'36

nwc: clectroplaung wori.crs, ,,ho \\CT'C e'l:poscd 10 4.2-12 4 ppm C)illltdc for 5-1S )can. 
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�1C3SUCCn1en1 of rndionctivc iodine uptnkc sbo,,ed a signilicnntly higher iodine uplllke 

in tho exposed ,vorkers thnn for the control group (El Glmwnbi et al., 1975). The health

of36 employees exposed to hydrogen nnd sodium cyanide in a silver-n:elaiming factory 

\\'BS nsscsscd. lnhnlation ( 15 ppm, 24-hour average concentration). skin contact nnd 

possibly oral exposure had occurred. An employee died of acute cynnidc poisoning and 

the pl:1111 \\11S closed for 7 months before lhe study \\'IIS carried out. An overall c.xposurc 

index ,vas calculoted based on job category, frequency of handling cyanide nnd 

ingesting food or drink in the production areas. In tests done 7-30 months nfler lhe last 

exposure, the lhyroid-stimulnting honnone ,..-ns sigoilicnnlly higher in high exposure 

index employees, con,pared to tile mean laboratory control ..-nluc. I lo,vcvcr, thyroxine 

te, els \\"Crc normal and no lllyroid cnlorgcmcnt ,vns found (13lnnc et nl., 1985). Limited 

animal informlllion suggests that long-term exposure to cynnidc compounds mny harm 

ihe thyroid glnnd. 

Carcioo�cnicity: 

There is no humnn or animal information available. The lntcmolional Agency for 

RCSCar<'h on Cancer (!ARC) has not evaluated the carcinogcnicit} of this chemical. The 

American Conference of Go, cmmcntnl Industrial I lygicnists (ACGII I) has not assigned 

a c:arcinogcn1c11y dc:sig.nation 10 !his chc1nicnl. The US National Toxicology Program 

Q-rrP) has not listed !his chc:micoJ in its rcpon on carcinogens. 

Ttnatogenicily :lnd En1hryo1oxiclry: 

There is no humWl information nvnllablc The limited animal information a,'ll1lablc 

5U&gCSLS lh:lt potassium cyanide 1s nol a dc,clopmcnlnl toxin 

Reproducth e ·ro.xlciry: 

Then: is no hWTUlll infonnnuon nvnilnble. In nn animal study, chnngcs suggestive of

reproductive effects \\'Crc observed in rots and mice IIO\\C\ er, fm,lit} ,,1U 001

evaluated 
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l\lul11genici1y: 

There is no humnn infonnotion nvllilnble. Tiu: nvnilnble evidence docs not 1nd1cnte that
potassium cynnide is mutngcnic. T\\o tests using live mice ,,,:re negative. Doth posith•c
1111d oegntive results bnve been obtained in short-ten11 tests using IJlllJllJ1llllinn cells and
b;ictcrin. 

ToJieologicnlly Synergistic l\latcri:als: 

Co-exposure 10 hydrogen cyanide nnd S% co.rbon dioxide (not lethal by itscll) resulted 

in 3Jl increase in the lethality of hydrogen cyunidc (ATSDR. 1997). Oral prc-lreaUDc:nt 

of guinea pigs ,vilh ascorbate enhanced the toxic effects of oral administration of 

pomssium cyanide. It ,vas suggested that the nscorbatc intcrfcrcd ,vith the reaction 10 

detoxify cynnide (Bnsu, 1983). 

Potcntinl for Aceumul111ion: 

Cyanide docs not nccumulntc. TI1c most importnnt route for dctoxificotion is by o 

mitochondrial enzyme, rhodnncsc, ,vhich odds sulfur to the cyanide ion to  fonn 

thiocyunatc. Thiocyonntc is less toxic. nnd is c-:crcted in the urine (Onsu. I 983).This 

enzyme i s  ,,idely distributed in the tissues, but has its gn:ntcst activity 1n the 1i,1cr. The 

body has n lnrgc cnpacity to detoxify cyanide but the rcncuon is  dependent on on 

adequate supply of sulfur (Gosselin er al .• 1984). The maximum dcloxifiCDllon rule for 
humans is 0.6-0.9 micrograms/kg body ,,-cighl/n1inutc, "luch is considerably lo\\-cr 

than for lab rodents or dogs. � lost absorbed cynnide is excreted in the urine as 

thiocyanate, but smnll amounts nrc eliminated in exhaled air and unne ns h) droaen 
cyanide, carbon dioxide and other metabolic products. The overage half lime for 

excretion of lhiocynnnte luls been reported 10 be 2.7 dn)s in hcnllh> ,,oJuntccrs 

(Gosselin et al., 1984 ).

2.7.J Long-term studies and cyanide dlscrucs 
Konzo 

'Koll7..o' 1s O local Zairean term for o disezc fir.;t dcscnbcd in I 9J8 1n the Democratic 

Republic of Congo (formally Znirc), but 1w olso been o�ncd ,n �1ournbiquc. 
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Tanznnin, Central African Republic nnd Cameroon (t,linisu-y of llcalth, �loznn1biquc, 

1984; Lnntrum et al, 1988; Ho,vleu et al., 1990; Tyllesknr er al., 1992). Kon1.0 is on 

upper motor neuron disease cbnrnc1crised by irreversible but non-progressive symmetric 

spastic pnropnrcsis lhn1 hos nn abrupt onset. II mostly ofTects children nnd "'omen of 

childbearing ngc. Severe coses hnve a spastic toe-scissor gait or patients ,,;11 no1 be able 

to \\'lllk at nll, and the nrrns and speech llllly nlso be affected. A long-term follo\';-up of 

konzo patients sho,ved thnt lhe neurological signs in konu> patients rc,noiocd constnnl: 

however, functional improvement mny occur (Cliff' et al, 1997). J ligh urinary 

tltiocynontc conccolmtions and presence of nnklc clonus are nlso observed. In nll reports 

of epidemics. konzo has been nssocintcd ,,�th high nnd sustained cyanogens intake at 

sul>-lcthol conccn1ra1ions fro,n cassava or rossavn nour in con1bino1ion ,vi1h o lo,v 

intake of sulphur amino acids. 

Tropical ntnxie ncuropotby (TAN)

TAN is used to describe several neurological syndromes 011ribu1cd to toxico-nutritional 

causes. The syndromes grouped os 1 AN cnn differ ,,idely in clinical presentation, 

natural history nnd response 10 trcotn1cn1. TAN hos occurred moinl) in Africa, 

paniculnrly Nigeria. The main clinicnl features of some of the syndromes ho,e 

included: sore tongue, angular s1omoti1is, skin dcsqunmolions, oplicol atrophy, neuro­

scnsory deafness nnd sensory gait nt.n.xin (Olu,,ole or al, 2000). TI1e cnuse is 011ribu1ed 

lo dicLnry cyanide exposure from tl1c chronic monotonous consumption of foods 

processed from cassnva. TI1c onset of TAN is usually slo,v over months or yenrs and the 

mcnn oge of people otTected by TAN is greater thnn 40 years. TAN oITects moles nnd 
femnles in nil ose groups eqUlllly. 

Goitre und c:rctinlsn1

Studies in African countries such os Znire have established that goitre and cretinism

due lo Iodine deficiency cnn be con.sidcrobly aagrovnted by n continuous diellll)

cyanide exposure from insufficiently processed cllSS.'.lVO. This effect is caused b)

th. h' h · · ·1ar ·10 s··•e to Ilic iodine molecule nnd interferes \\ilh uptake of1ocynnote, ,v 1c  , s  s1m1 ... 
·,oc1· · 

h 1 ·u g1 d I h"h thiocyonolc levels, ,vhich CM occur oiler e,poswc 101ne 1n10 1 e L l)'TOI nn . ti'' 
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cynnide from cassava, can only nCfcet the glnnd ,, hen the iodine intokc is bclo,v 

IOOmicrogromsldny, ,vhich is rcgnrdcd minin1al for normal function. Populations ,vith 

very 10,v iodine and high thiocyanate level from consumption of cassava, sho,v severe 

endemic goitre, bu1 this decrease v,ith iodine supplcmenllltion (Rosling, 1988). 

2.8 Kinetics of cynnidc, health effects, treatment of pouoning ond antidotes in 

hun1on 

2.8.1 Kinetics of cyanide ond health effects 

Cynnide is produced in tJ1e human body and exhnled in ex1.ren1cly lo,v concentrn1ions 

\\ith each breath. It is acutely toxic 10 humnns. Liquid or gaseous Hydrogen cyanide and 

alkali salts of cyanide can enter the body through inhalation, ingestion or absorption 

through me eyes ood skin. The rate of skin absorption is enhnnced ,,hen the skin is cul, 

obrnided or moist; inhaled snits of cyanide ore readily dissol,cd and absorbed upon 

conlllct ,vilh moist 111ucous n1en1brancs. The dosc--cffect curve of the acute effects in 

hulllllll.S is stce1>. \Vhercos slight effects occur nt c:-.posurc to hydrogen cyanide le,·els of 

20-40 mg/ml, 50-<iO mg/ml can be tolerated ,vithout immediate or late effects for 20

min to I h, 120-150 111g/ml is dangerous to life and may lead to dcatJi after 0.5-1 h. 150

mg/ml is likely to be r.110I ,vit11in 30 n1in, 200 mg/ml is likely to be fotnl after 10 min,

and 300 mg/ml is imn1edin1ely fatal. 11 should be crnphnsizcd mat this represents crude

a\'erage exposure cstin1ates, based on various studies (DECOS, 2002).

The effects of acute cyanide exposure arc dominated by central nervous system and 

cardiovascuJor disturbances (A TSDR. 1993). Typical signs of acute cyanide poisoning 
include tochypnoco, headache, and vertigo, lack of motor coordination, ,veok pulse, 

cardiac arrhythmias, vomiting. stupor, con,'Ulsions, nnd con10 (\Vay, 1982: Bollant)'llC, 

1983). Pathological findings may inc:ludc trncheaJ congestion \\ith haemorrhage, 

cerebral and pulmonary oedema, gastric erosions. and petechiae of the brain meninges 

nnd pericordium (\Voy, t 982). Sequcloc of sc,erc acute cynnidc exposure moy also 
intlude Parkinson-like syndromes and cardiovascular signs or deln) ed post-hypoxic
myocordiol lesions, as "ell as oeurops)chiolric n1onlrcstn1ions s1milnr 10 those seen \\ith
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post-hypoxic post-carbon monoxide encephalopathy (1\ TSDR. 1993). Dermal 

absorption of hydrogen cyanide is much slo\\cr than pulmonary absorption. and Lite 

nn1oun1 and speed of nbsorplioo through human skin are dependent on the nmouot of 

skin moisture and duration of skjn conuic1. The toxicity or hydrogen cyanide to humans 

i s  dependent on the nn1ure or the exposure. Due 10 the vnriabilit) of dose-response 

effects bel\veen individuals, the toxicity of o subsinnce is rypicnJJy expressed as Lhe 

concentration or dose that is lethnl 10 50% of Lite exposed population (LCSO or LOSO). 

The LC50 for gaseous hydrogen cyanide is 100-300 pans per million. lnhalntion of 

cyanide in this range results in death ,vi thin I 0-60 minutes, ,vith dcnth coming more 

quickly as the conccntrntion increases. Inhalation of 2000 part per million hydrogen 

cyanide causes death ,vitJ1in one minute. TI1c LDSO for ingestion is  S0-200 n1illigroms 

or 1-3 milligrams per kilogrrun or body ,vcight, cnlculnlcd as hydrogen cyonjdc. For 

contact "-ilh uoobradcd skin, the LD50 i s  I 00 111illigrams (as hydrogen cyanide) per 

kilogrnn1 of body ,vcight. An overage LO.so value for dem1nl exposure of I 00 n1g/kg 

body ,veight \\'l\S cstin1ated for hun1nns (ATSDR. 1993). Although 1he 1ime. dose and 

manner of exposure n1ay diITer, the biochen1icnl action or tJ1e cynnide is 1he some upon 

entering tJ1e body. Once in 1he blood strcnn1, C)anide fom1s n Slllble complex "'ith a 

form of cytochrorne C oxidBSC, on enzyn1c that prornotcs the transfer of electrons in the 

mitochondria of cells during IJlc synthesis or ATP. \Vithou1 proper cytochrome oxidnse 

function. cells cannot utilize ilic oxygen present in the blood streon1, resulting in 

C)1otoxic hypoxia or cellular asphyxiation. The lnck of ov11ilable oxygen causes a shin

from aerobic 10 onoerobic metabolism, leading to the accumulation or lactate in the

blood. TI1e combined effect of the hypoxia and lac101e ncidosis is depressed in tJie

central nervous systcn1 that con rcsuh rn rcspiro1ory nrrest ond death. i\t higher lethal

concentrations, cyanide-poisoning olso aITccts oilier orr.ans and system in tJie body

including 1hc henrt.

Initial sympton,s of  cyanide poisoning con occur from c.xpo�ure to 20 to 40 ppm of 
gnseous hydrogen cyanide and may include hendache. dro"sincss, ,crtigo, "ctlk and 

rapid pulse, deep Bnd rnpid breathing, nausc.i Md , omiting. Convulsing, dilated pupils. 

clo.mmy skin, 0 "c.'lkcr and more ropid pulse and slo\\cr, shal10,v1:r breathing can
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follo\v these symptoms (El Gho\\'llbi et. al., 1975). Finally, lhe heortbcnl becomes slo\V 

and im:gular, body tcn1pera1ure falls, the lips, face and extremities lllkc on a blue 

colour, the individual falls into a coma and death occurs (Hartung, 1982; USEP1\, 

1985). These symptoms cnn occur from sub lethal exposure 10 cyarudc, bu1 ,viii 

diminish as the body detoxifies the poison nnd excretes ii prin1o.rily as thiocyanate and 2 

amino thiazolinc 4 cnrboxilic acid \vith other minor rnclobolites (A TSDR, 1989). 

2.8.2 Trcntn1cnt or poisoning nntl nntltlotcs 

Cyanide produces a rapid onset of toxicity, \\hich must ha\·e vigorous and immcdinte 

treatment 10 prevent the toxic syndrome. To obtllin bener pro1ec1ion, a series of ne\ver 

nn1ido1es either alone or in adjunction 1vi1h the conven1ionnl 1reo1n1cnts have been 

examined (\Vay, 1982; Isom and Boro1\-itz, 1995). A \\•ide variety of compounds ha\e 

been used as cyanide nntidotes nnd they have been classi1ied into four 111J1jor groups 

based on their mechanism of action: Scavengers, Detoxifica1ioa, Physiological nnd 

Oiochcmicnl (lson1 and Boro1vi12, 1995). 

Sco,•cngcrs 

These are compounds tlml innclivntc cynnidc by binding it or by fonning 

mcthacmoglobin. 1\•hich in tum sequesters cyanide. 

:a. i\'lc1hcn1oglobio forn1crs: 

The basic ain1 of  rapid detoxification of cyanide is prevention or reversal of inhibition 

of cytochrome oxidase by cyanide. This is usually accomplished b)' providing a large 

pool of ferric iron in the fonn of n1clhcmoi:Job1n lo complex cyunidc. Cyanide 

preferentially competes ,vitll tile re 1 1 t of mclhemoglobin os compared to thnt of 

C)1ocbromc oxidasc, and e,enrually binds ,vith the fonncr to fonn cyanmclhcmoglob1n

(Jandorf nnd Dodansky J 946). Then:by, the activ11y of inhibited C) tochrome oxidnsc is

n:storcd. The various mcthcmoglobin fom1crs employed os cyanide antidotes include:

so 
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(i) Amyl nilrile:

Inhalation of nmyl nitrite os o first aid mensure to cyonidc poisoning is l.no,vn for mony

years (Von Heijst el al .• 1987). Ho\\'ever, the efficacy of nmyl nitrite os methemoglobin

inducer remained disputed on account of its inability to generate mclhcmoglobin grcuter

thnn 6%, ,vhile about I 5% is required to chnllcngc one LOSO dose of cyanide (Von

Heijst cl al., 1987). No,v the protective eLrect of an1yl nitrite is onributed to its

vosodilatory eOcct lhnt C4/1 reverse the early cyonide induced vasoconstriction.

Artificial ventilation ,vith amyl nit.rite broken into nmbu bngs has been reponed os a life

saving therapy in cyanide poisoned dogs, prior to induction of significant level of

mcthcmoglobincmin (Vick and Froelich. 198S).

(ii) Sodiun1 nitrite:

Sodium nitrite (S ) is the most prevalent dn1g of choice for cyanide poisoning (Chen

and Rose, 1952). \Vhco given intravenously (i.v.) it takes about 12 min to gcncrote

approxi1notcly 40% of n1cthcmoglobin (Vnn I lcijst cl al., 1987). lnspitc of 1J1is delay in

inducing a significant level of mcthcmoglobincmin. o rcnsonnblc protection offered by

SN ain be ascribed to its \'DSOdilatory propcn) (Von I lcijst ct al.. 1987). A serious

dro\\b;ick ,vith SN is that (intro venous) i.v administration may be accon1ponied by

serious cardiovascular cmbamlssmcnt, poniculorly in children. for whom on adjusted

dose is rccon1mcnded (Dcrlin. 1977). Since SN induced mcthcmoglobincn1io impoirs

oxygen tmnspon, ii cnnnot be rccornn1cndcd for fire victin1s ,vhcrc in most insUUlccs

HCN exposure is ncco1npanied by curbon monoxide poisoning (Health Cnnndn, 2002).

Since corbon monoxide also impairs oxygen carrying cop:icity of blood, administrntion

of SN ,,-ould further aggro, ate the hypoxic condition. SN is nlso not odviS<.-d for

individuals ,,�th glucose- 6-phospluue dehydrogenose (G6PD) deficient red cells

because of possibiHty of serious haemolytic reactions (Vnn l lc1js1 et 111 •• 1987).

(iii)-4 • Din1c1hylon1inorhcnol: 
llic relatively slo,v role of nicthemoglobin formation by SN promptc.-d the dc,elopn1ent 
of ropid melhemoglobin formers like on1inophenols. 4-di1ncthylu1ninophcno l  (DMAP)

is the tn:.itmcnt of choice for cynnide poisoning in Oem1any 1-\ dose or 3 25 n1g/kg. i.,

SI 
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ofDf\1AP \\11S reported to produce mcthemoglobin level of30% \vithin 10 min nnd 150,'o 

n1c:thcmog)obincmja \VUS nuaincd ,vithin one minute \\ithout nny immediate elTeet on 

cardiovnsculnr systc1n (Kiese and Munch, 1950). HO\\'Cver. there arc differences in 

individual susceptibility to Df\1AP, ,vbich may result in on undesirable level of 

methemoglobinemia even after normol thcmpcuiic doses (Van I lcijst et al.. 1987). 

lnr.nunuscular injection of DMAP results in local abscess nnd fever. Its clinical 

oppliauion remains limited on occounl of its other 10:-<icologicnl in1plications like 

ncphrotoxicity (\\lcger. 1983). Co-ndministrntion of o reduced dose of rapid 

methcmoglobin inducer like Dl'vlAP nnd a slo,\• inducer like S \\'ere also found to be 

on effective pre-treatment against acute cyanide poisoning. This regimen by virtue of a 

prolr.lcted optin1al level of  methemoglobinemia provided sustnined prophyln.xis in  mis 

(Bhnuachnrya er al., 1991 }. 

(iv) Other merbemoglobin formers:

Hydroxylominc (I IA) \\'US yet another rapid methemoglobin inducer 1h01 \\'OS cndo,\'cd

,vith on onticonvulsivc property (\Vood and Pccsker, 1975). ln vic,v of cyanide induced

convulsions nnd the toxicity of Dl'vlAP, the cflicocy of I lJ\ co odminislrotion ,vith SN
,vas also cxon1incd in rats (Dhouuchorya ct al .. 1991). Although. this regimen
minimised the C)•anidc induced convulsions. it wns less elTcetivc as compnrcd to
SN+DMAP trcatn1en1. In addition to propbyln.�. co administration of SN and DMAP
or HA ,verc also e1Tcc1jve thcmpcuticolly (Oho11ocbaryn. 1995). bul their exLrnpolation
to humans ,YOm111ted caution in vie,v of the persistent toxicity of  these regimens
(l)hntUlcha.r)'O and Sugendran. 1992) The cordiovosculor implications nnd poor

phnrmacokinctics of  SN led 10 c:vnluntion of yet another group of mclhncmoglobin

formers viz. aminophenones und derivatives p-on1inopropiopbcnonc (PAPP), p

arnlnooctanoylphcnone (PAOP). p -niirosopropiophcnonc (PNPP) and p -hydro:-.)

ominopropiophcnonc (PHAPP)). Out of nil ll1esc agents PAPP \\':lS the most cffec1ivc as
prophylo.xis (�lorrs and Brighi, 1986). Another oltcmatlvc trcotmcnt of cyanide
poisoning, involving stroma free melhcmoglob1n solution (SF�IS) \\-US proposed by Ten
Eyck et al., (I 985). fnLrnvenous administration of this solution did not impair the
oxygen carrying capacity of  blood os caused by n1ost other n1cthcmoglobin fonncrs and
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directly sequestered cynnidc: to protect n 4 X LD90 dose of sodium c:ynnidc in rots. 

Efficacy nnd snfc:ty of tl1is antidote rcn1oins to be determined in lnrser unimnls. 

b. Cob11l1 containing con1pountls:

Cobalt ion ,vhich fonns o stable metal con1plc:x ,vith cyanide: is  an c!Tcctivc: therapc:utio 

osc:nt against cynnide poisoning (Linnell, 198n. Various c-0bolt containing compounds 

kn0\\'11 to ontogonisc cynnidc poisoning include: 

(i) Dicobalt ctlctutc (Kc:locy:inor):

This agent (300 mg of dicobalt edetote in glucose solution; i. v.) is the current treatment 

of choice in France nnd Unitetl Kinsdon1. Serious side c!Tects like vomitins. urticorio. 

l11lllphylactoid shock, hypotension and ventricular nrrhylhmins hove been reported in 

patients receiving Kelocyanor (Vnn Heijst e, al., 1987). 

(ii) Hytlroxocobolnn1in (Vi10111in U 120):

This ogc:nt is  perhaps the: most promising cynnide antidote used in human toxicology 

(Von Heijsl cl al .. 1987). \Vith the exchnnge of hydroxyl group of  hydroxocobalnmin 

for cyunide. non-toxic cynnocobalnmin (Villlmin B 12) is formed. llo,vever, use of  this 

antidote n:mnincd lin1ited on account of the hll'gc: dose required to chnllenge cynnidc 

poisoning. An injcc1.nblc: solution of bydroxoeobolrunin (S g in ,voter) is no,v avuiloble 

in France and Gem1nny. In Fronce o 4g bydroxocobnlnmin solution in 80 ml of sodium 

thiosulphnte (STS) hns olso bc:c:n developed. A recorded sidl? e!Tect of 

hydroxocobolrunin includes onophyloctoid reactions and acne. 

(iii) Other cobolt compound :

Cobahous chloride, coboltous occtotc. cobalt histidine and sodium cobalt nitrite ore also

reponcd to anlllgonise cyanide poisoning. I IO\\'CVcr. none of then1 hns been used

clinicolly (Linnell. 1987). 
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c. Cvanobydrin fonners:• 

C)ronide is o nuclcophile kno,,11 10 reac1 v,ith vnrious carbonyl moic1ics like kcloncs 

nnd oldchydes to yield cyanohydrin derivn1ives (\Vay, 1982). Sodium pyruva1e \\'!IS

reported to effectively chollengc neu1c cyanide poisoning in mice (Schulz. 1984). 

Another ke1ocnrboxylie acid like keloglutnric acid (KO) is curren1ly being pursued 

widely os n cyanide notidotc (Dulnncy et al., 1991 ). Pro1ecrivc effect of KO ,,-as also 

observed ogninsl cyanide induced convulsions in mice (Y11J11on1010, I 990). KG either 

alone or in con1biua1ion ,vith SN nnd/or STS a11cnw11cd 1oxicity in mice exposed to 

cyanide lhrough difTerent rou1es (Bh:utncbnryn ct al., 1991) Prophylaclic or therapeutic 

ability of KG \\1lS also sho,vn Lo be augmenuxl by oxygen (Dclhumcau et al., 1994). 

Cywide induced his101oxic hypoxia ,vns reversed by KG ,vhich ,vos found to be more 

effective than cobah edet:uc and sodium pyruva1c (Dclhumcau et al., 1994). Ahbough. 

clinical trials of this agent ns cyanide antidote hos nol yet been conduc1ed in humans, 

based on Lhe promising results in cxpcrin1cn1al animals. i t  is prcscn1ly envisaged ns a 

po1catial witidote for cyanide poisoning. II is considered safe ns oral form of KG is sold 

os no over-the counter 11utri1ionnl supplemcnl (Kloirc Loborulorio:s, Son Morcos, CA) 

(Dulaney et al., 1991 ). 

Dctaxifir:ition 

Under 1his group 1hose agents al\! listed \\'hich enzymatically de1oxify cyanide b} 

con,·erting it to a relatively non-toxic product which is l'Clldily eliminated from Lhe

body. The reac1ion con be catalyzed by augmenting the levels of the enzyme

endogenously o r  by supplcmcn1ing Lhc enzyme exogenously or, by providing mo�

substrate to the enzyme, ,vhich in this cnse are sulfur donors. 11,e n1ojor mechanism or

removing cyanide from the body is its enzymatic conversion by the mi1ochondrial

enzyaic ru,odnnesc (thiosulphnte-cynnidc sulphur transfemse, (l!C 2.8.1.1) to

thlocynnnte. Tronsulfurotion of cyanide is also fncilitntcd by P.n1crcnptopynivntc-­

cynnide sulphur trnnsfcrusc (EC 2.8.1.2) (Ballantyne, 1974). The e111.ymn11c con,ersion

Or ·d h' ate ,,.,,uircs n source of  sulfnnc sulphur (n divalent ionised
cyan, e 10 1 ,ocynn ,-., 

sulphur bound to another sulphur ntom) ,vhich is  usunll} 01Ter1�d by thiosulfntes or other

b. I ·ca1 els Ull·ninu sulfnnc sulphur, like pol) thlonntcs, th,osulfonates,
10 ogi compoun con ., · 
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pcrsulfidcs Cle. It is presumed Lhnt the sulfnnc sulphur binds tirst to the serum albumin 

to yield sulfwte sulfur albumin complex ,vhich evcnlually reacts ,vith cy11111de to fonn 

thiocyannle (\Vestley et al., 1983). Exogenously administered Lhiosulfate usually in lhe 

form of STS ,vould supplement this reaction rapidly. STS Dione administered i.v. may 

be sufficient in moderate cases of cyanide poisoning ,vhilc severe cases of poisoning 

may occessilate co-administration of other nnlidotes, preferably SN (Van I lcijst et al .•

1987). STS is conLrn-indicaled in  p:ilienLs ,vith renal insufficiency as 1hc 1hiocynnntc 

fom1cd may cause toxicily (Von Heijst er al .• 1987). Endogenous nugn1en1ation of 

Rhodanese hns nol been ,,-orked ou1 extensively but exogenous supplementation has 

been reponed to accelerate Lhe t.rnnsulfuraLion of cyanide to Lhiocynnnte (Bhan and 

LiMcll, 1987). Ho,,·evcr. sLObility and scnsitivi1y of 1he enzyme remains to be 

addressed. 

Physiologica 1 

Oxygen appears to be a ph)1 siologicol nnlngonist. Oxygen alone nt hyperbaric pressure 

hil.S slight protective efTcct in cyanide poisoning but i1 dramnticolly potentiates the 

prolcctive efficacy of SN and/ or STS (Woy er al .• 1984). This pro1ec1ive mechanism is 

not yet clear because inhibi1ion of cytochrome oxido.se by cyanide does not deplete the 

availability of oxygen; only cellulnr utilisn1ion of oxygen is impaired (Baskin er. al., 

1992). It is presumed that intracellulnr oxygen tension may be high enough 10 cause non 

eazymalic oxida1ion of reduced cytochrome or oxygen may displace cyunide from 

cytochrome oxido.sc by mass action (Klassen, 1990). During tmnsulfuration then: is 

occumulation of sulphite (S03-2) ,�hich inhibits the progress of the reaction. It is 
proposed Lhat oxygen uccclcrntes the oxidaLion of sulphi1e, thereby enhancing cyanide 

detoxification (Litovit1., 1987). 

Hiochcmical 

Th ds I ·n d os biochemical ontidotcs hove largel> unexphlincde compoun c oss1 1e 

h · f · d lso regnrdcd us non-specific antidotes. These compoundsmcc: 1111,sm o oc11on on ore o 

rr. • per se but os adjunelS signifiCQJlLI)' augment the efficacyarc usually not very c11ec11ve 

f . . A r. chemicals belonging to this class of llllUdotcs ore·o conventional ant1do1cs. ,c,v 
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(i) Chlorpromazine:

The poten1 vasodila1ory action of nitrites pron1pted the exnmination o f  vnsogcnic drugs
as cynnide antagonist. Chlorprom�inc a neurolep1ic pheoothiazinc. w'llS found to
significantly potcntintc the efficacy of SN and STS combination in cyanide toxicity
(\Vay et. al., 1984). Subsequently. the nntidoto.l activity of chlorprornozinc \YOS n:latcd
10 its nbility to sustain cellular cnlcium homeostasis and n1nin1c:nancc of rnen1branc
integrity by preventing peroxidolion of membrane lipids �fnduh et al .. 1988).

(ii) Other ogenlS:

Other a -odrcnergic blocking agents like phenoxybtnzaminc and various autonomic

drugs, vnsodilators such ns papavcrinc, organic nitrates and nnti-histarninic compounds

hove shown some antidotol efficacy in cyanide poisoning. Cyanide induces respiratory

cessation n1cdia1ed through inhibitory action of released endorphin. Therefore, stcrco­

spceific opiate ontogonist (·) noloxone hydrochloride ,vns found 10 protect against

t)'llnide induced lc1hnli1y in mice (Leung et. al., 1986). Role of neuronal calcium in

cyanide induced neurotoxieity and beneficial cO"ccts of chlorpromtlZine and calcium

channel blocker (diltiozem) ore also ,vcll doeun1ented (Johnson et al., 1986). ·n1c recent

thrust to develop n1cchnnistic based antidotes against cyanide poisoning hns identified

some ne,v clnsses of lend compounds like calcium antagonists, non-hypnotic

b:l.rbiturotes, nnliconvulsonts, adrcncrgic blockers blockers, anlipsycbotics, nitric oxide

generators, other ncuroprotcctive drugs, antioxidnnts. plnsma Cl>.'])3Jlders. glycol}1ic

substrates, carbon) I con1pounds etc.

�tany of these drugs hove not been used clinica.11) in humans but their results in
experimental animals or in vitro ore quite cncollJ'1lging. Other commonly recommended

antidotes nrc •solution A and O' (o soluuon of ferrous sulfa1c in aqueous citric acid and

aqueous sodium corbonote) and om)I nitrite. Briulin's Hcallh ond Snfely Executives

(I ISE) has rccomn,coded against 1hc use of solu11ons A and B because of tl1cir limned

SI If I . ., · I I se 1·ron poisoning and lin1ited applicability (cO"cc1ivc only in1c 1ac, potcntro o cnu 

f 'd · ft,... \\'hereas. the main n1odcs of poisoning llJ'C inhala1ion andcnscs o cynn1 c 1ng-..,,1on, 

skin contoct) (ATSDR, 2006).
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2.8.3 Globnl attitude and the popular trcnlmcnls

A reLrospcctivc cxominiuion of vnrious cyllllidc antidotes reveals Lhot Lhere is no 

unanin1i1y of opinion regarding Ilic eOicacy of a particular Uelllment regimen. This is 

mninl) due to diITerent expcrimenlal conditions. test protocols and species of animals 

employed in evalunting various antidotes. Adoption of a pllf1iculor treatment in o

country is dictated by vnrious factors including Ilic rcgulolory bodies nod the 

legislations. TI1crc is no global unanimity on this issue. like SN lllld STS co,nbinolion is 

the drug of choice for cyanide poisoning in U.S.A. and ,nony other counLries, France 

and U.K. have adopted kelocyonor ,vhilc Gcm1ony is sLill continuing ,vith Dl\llA P and 

STS combination. Ho,vever, SN (IO ml of 3% solution) nnd STS (50 1111 25% solution) 

combination is slill tJte most prcvnlcnt Lrcatrncnt in cyanide poisoning (Von Heijst et al.,

1987). Artificial venlilolion \,,jth 100% oxygen via Ambu bag containing Ille contents of 

n,-o ampoules of amyl nilritc (0.6 rnl) is usually practiced ns the first aid theropy. TI1e 

use of antidote should be restricted to patienLs in deep coma ,,•ith respiratory 

insufficiency. Supporti\'c tJ11:rapy of ditu.epam i. , .  (3 x IO mg) and 4.2% sodium 

bicarbonate solution 10 correct the convulsions and rnetabolic acidosis respec1i,•ely have 

also been used in human poisoning. To revert excessive melllaemoglobinoemio i.v

adminisLrotioo of 30 ml of I% n1e1hylenc blue solution is also recommended (Von

Heijs1 et al., l 987) 

2.8.4 Role of sulphur-conloiniog omioo acids in cyanide dc1oxificotion 

Dietary cyanide exposure from cyonogcnic glycosides in insufficiently processed

cussava has been implicated os O conlributing factor in gro,"'lh re1nrda1ion. The major

defence of tJie human body 10 coun1cr the toxic effects of e)unide is its conversion to

lhiosulfate mediated by the tDL.)1llC rhodancsc (discovered b) Long, 1933). The enzyme

· · 
d. I h'd group ,vbich rCllcts ,villl the thiosulphate Md cyanide.contains on QCIIVC ISU p I e 

Th · 1 _,. d · Lhe niitochondria 1n diITcrcnt tissues nnd is relativelye enzyme LS ocwize 1n 

b . , h' h "re not readily accessible 10 thiosulphnte the limitinga undllllt. but 1n sites, ,v 1c .. 

r 
. f 'de is thiosulphntc. This dc1ox1fication reqwres sulphur

1ac1or for the conversion o C)'lllll 

• • 
r. J hur-containlng dicllU) nmino acids. C) )tcinc Md

donors, \\lh1ch arc provided 1rom su P 
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methionine (Br3dbury nnd Hollo\\o)', 1988; Rosling. 1994). In subjects \\•ho hove an

adequate protein coinponcnt of their diet, excess cysteine and methionine ore not 

required for protein synthesis nnd arc degraded 10 inorganic sulphate and excreted. 

\.\1here dietary intake of protein is inadequate, the preferential use of me1obolicnlly 

ovnilable sulphur-containing amino acids for cyanide detoxification is also believed to

bnmpcr protein synthesis and hence contribute to i;tO\vth relnrdntion in children exposed 

to dietary cyanide fron1 cassava. A deficit in height-for-age index, otlu:nvisc rcfcrTCd to 

ns 'stunting' \VDS associated ,vilh children \\·ho consumed inodcquotcly processed 

cassava, ho\vever, ,veight-for-hcight and \veight-for-ogc indices \Vere nol significantly 

different from cnildren ,vbo consumed cassava ,vhich \\'t\S adequately processed 

(Bnneo-�tayumbu ct al .. 2000). This indicates that because of the preferential u.�e of 

sulphur amino acids for cyanide detoxification in the human body, dietary cyanide 

e.�posurc may be a foe tor aggrnvntiog gro,vth retardation.

Some cosst1vt1 products are ea1c:n \Vilh soup 1ha1 contains three n1oin groups or food 
items. First, there ore various seeds and nuts that are usually ground up and used to 
thicken the soup, either by them or in a mixture of some starchy staples or okra. These 
ore high in protein, fats, and other nutrients. Second, there ore leafy and fruit vegetables 
such as AfriCllll spinach, ug\\ru ond okro 1h01 Qle sources of minerals, villlmins, and 
fiber. The kind of animal product used in the soup also usually depends on social stotus 
or income, and the occasion for ,vhich the meal is prepared. Since the soup is rich in 
sulfur runino acids, the toxicity of any cyanide in the cossnvo product eaten may be 
minimi1.cd by the detoxifying effects of the sulfur QIOino acids in the o.nimol products. 
F'rcc cyanide must be sequestered ond metabolized to ovoid inhibition of cytochrome e 
oxidasc, blockage of mitochondrial electron t.ronsp0n and consequent energy failure. 
Follo\ving on ocute exposure, cynnidc is rcponcdly firsl trapped b) mcthcmoglob1n in 
the fonn of  cyono- methemoglobin (Schultz, 1984), Cyanide is convened to thiocya.ruue
(SCN-), 0 rcnction tbat requires sulfnnc sulphur as n rate- limiting cofac1or for the 

e hod (L d ·51 1992) 111c coocentr0tion of sulfanc sulphur is  dependentI\Z)me r oncsc un qui • 

0 th ·1 b'I' f I I ur amino acids (SAA) fro1n dietary protein (Cliff ct al,
0 e BVlll Q I 1ty O SU p I 

1985) . . 1 ·,ion available sulphur is prcfcntiolly utilized for cyanide
. Even 10 protein mo nulll , 
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dc1oxicotion (S\\'CDnc et. al., 1996).Cynnidc n1ny nlso be sequestered by nlbumin and 

metabolized to 2- aminotltinzoUnc-4-cnrboxylic ncid (ATC) or to cynnntc (OCN-) \vhich 

(S\venne et. al., 1996), in tum. is converted by the cystcinc- containing enzyme cyanase 

(E. C. 3.5.5.3) runmonio and biwbona1e, 

2.8.S Cyaoogcnic glycosides 

Cyanogcnic glycosides ore phytotoxins, ,vhich occur in 01 least 2000 plant species, of 

which a number of species ore used as food in some � of the ,vorld. COSS11vo ond 

sorghun1 ore especially important staple foods containing cyonogcnic glycosidcs (Conn. 

1979; Naney. 1980: Okc, 1980). 

There arc opproxin1atcly 25 cyonogenic glycosides known. The potcntiol toxicity of 11

cyanogenic plant depends prin1arily on: 

(i) If the plnot is consumed ra,v, or insufficiently processed, IICN mny be released in

the body until the lo,, pH of the stomoch deactivates p glucosidasc enzyme.

(ii) TI1c plant may not be sufficiently detoxified during processing or preparn1ion and

tl1erefore. I ICN n1ny remain in tl1e food.

Several factors are importont in this loxicity. The first aspect is the processing of plant 

products contoining cyonogcnic glycosidcs. \\'hen Ilic edible parts of the plants are 

maccrntcd, the cotobolic introccllulor cnz)mc 0-glucosidosc con be relcoscd, coming 

into contoct ,vith tl1c glycosidcs. TI1is enzyme hydrolyzes the cyonogenic glycosides to 

produce hydrogen cyanide and glucose and ketones or bcnzaldc:hydc. 

The hydrogen cyanide is the major toxic compound causing the toxic effects. Plant 

products (notnbl) cossovn). if not odcqW1tcly detoxified during the processing or 
preparation of the food, nre toxic because of the rclcosc or this prcfonned hydrogen 
cyanide. 

The second aspect is the direct consumption of the cyonogcnic planL Maceration of

edible pons of the plants 05 they are eaten con rclcasc 0-glucosidasc. TI1c 0-glucosidase

l·s th · 
-1 th I v pl� :n the s1omoch dcactiv111cs the Cnz)mc J\dditio!llllly, ii is

en llCIIVC unll C 0\ 1 '" 

'bl I f th nz)'ITIC fraction con tx:comc rcoctivotc:d in the alkohne
poss, c t 101 part o e c 

• A I t n�r1 of 1he potentinl hydrogen cyanide is released, lllld
environment of the gut. 1 ens ,-• 
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may be responsible for all or paJt of lbc toxic effect of eynoogcnie glyeosides in the

� of some foods. In humans, cyanide is detoxified by the enzyme rhodoncsc which 

c:in further convert majority of the cyanide to a less toxic thiocyona1e ,,·hich is excreted

In urine. 

2.9 Leafy vcgctnblcs 

Several vegcUlble species abound in Nigeria and most \Vest African countries ,vhcrc
they are used partly as condin1cnts or spices in human diets or llS supplcmcnuu-y feeds
to livestock such os rabbits. poultry and s,vine (Aletor and Adcogun, 1995) Leafy
vegetobles nre important items of diet in many Nigerian homes. These vc:gc:1ablcs arc
har\'estcd at all stogcs of gro,vth nnd fed either ns processed, semi-processed or fresh 10
mnn ,vhilc they nrc usually offered fresh to livestock. The nutritional interest in  some of
these vegetable species stems from !heir rich contents of �nlinl amino acids, vitamins
and minerals. Further to their rich content of tltc mentioned nutrients, it is established 
thai green vegetable leaves arc the chcopcst and most abundruu source of proteins

bccouse of their ability to synthesize amino acids fron1 a ,vide range or virtually 

available primary matcriols such as ,voter. carbon dioxide and atmospheric nitrogen (as

in legumes) (Fasuyi and Alctor. 2005) 

Apart froo1 the variety ,, hich they add to the menu. they are nvnilnble sources of 

nutrients especially in rural areas ,, here they contribute substru11iall) to protein, fiber 

and other nutrients ,vhich are usually in short supply in daily diets (fasuyi and Aletor, 

2005). They add nnvor, variety, IOSte, color Md aesthetic appeal to  '"hot will othenvise 

be a monotonous die1. They arc in abundance shortly ancr the roiny seasons but become

scarce during ,vhich cultivated types ore used. t.eafy vegccobles arc omong the easiest 10

obtoin nod grow in the tropics. They ore good sources of diecory fiber, procein, vltnn1ins

A, C, lllld B-complcx, minerals, cspccilllly cnlciun1, iron, mognesiun1, ond phosphorus,

and lltC lo,v in cnrbohydroccs Md foes. Dork green le.1vcs ore USWllly more nutritious

,L __ 1·g11 11 · 1 lco"cs Nluny lcafy vegcUlblcs ore perennials and yield useful
umn I ter or ye o,vis 1 T • 

food with a minimum amount of lobour. 
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2.9.1 Vtrno11ia a111ygdali11a

Botanic dc.scription 

Vernonia amygdalina is a bushy shrub or ,veil-formed Lrce up 10 7 m in height. Bark
ligh1 grey or  bro,vn, r:11her rough ond longi1udinnlly Oalcing; brnnches brinlc. Leaves
lanccolate to oblong; up to 28 x IO cm, but USWllly about I 0-15 x 4.5 cm. Lenlhcry,
medium to dark green. ,vi1h or ,vithout sparse hairs above, \\ith fine, soil, pale hairs
bclo,v and conspicuous ne1-veining; apex and base 1apering, base nhvnys almost
symn1c1ric, margin entire or very finely too1hed; petiole usunlly very short but may be
1-2 cm long. Flo,vcr bends thistle-like, small, crenmy-,,•hitc, son,ctimcs slightly touched
with n1auve, nbou1 IO mrn long, grouped in dense heads, oxillruy ond 1crn1innl, forming
lorcc fla1 clusters about IS cm in dinn1e1er but not conspicuous: s,,-cclly scented,
especially in the evening. fruit n smnll nutlct. ,vith minu1e glnnds nnd bristly hairs on
the body nnd n long tufl of bristly hairs at tl)e top. The genus ,vns named in honour of nn
English bo1anis1, \Villiom Vernon, traveller and plnn1 collector in North America in the
17th century (USDA, 20 I 0) 

Ven1onio omygdolino (biller leaf) is a Lhick shrub often found in snvonna nnd forest 

margins, ,videly distribu1cd throughout lhc Lropicnl Africa. II is oflc:n plnnted ond is 

frequently itcn1s of mnrkct-mcrchandizc, for its mnny uses such ns quinine substitutes 

for fever, loxn1ivcs, c>-pectorant. s10111achie nnd gnsLroinlcstinol !roubles. 

The leaves nrc biller. Bitterness con be abated by boiling or in Lhc young lea, es by 

soaking in several changes of ,,-ater. They arc held to be an1i-scorbu1ic and are added to 

soups or eaten as spinach (Singha, 196S). llre plant is cultivntcd for its leaves ,vhich 

can be made into sauce nnd eaten ,vilh cooked tnpioco (fufu) (Deigh1on, 1957). The 

lca, es nre token in Nigeria 05 on appcti1.cr, digestive tonic and ,vidcly used for fevers 

nnd are kno,vn as quinine subslitu1e (Deighton, 1957). 

The leaves, oJUiough rnlhcr biner 10 1os1e, are eaten ns m,v vegetables. 'Chc,,-sticks' 

fro lh d 
· rcg·--'cd as on appc1izcr (Katende er al, 1995). An infusionm C roots nn t\VlgS lltC WU 

fro lh · · I 'ld"'n suITcrinn from infection by a trematode (Enterobius
m c roots 1s given to c u ,� o 

· · · " · f ihe root barl,.. together ,, ilh other plonts, •� Sl\'en in\'crm,culo.ns). A cold 1n,us1on o 

..1., . . Th L •• , nod root are Ulken ns a tonic by people sufferingu.uly doses to tren1 b1lhnma. e uw" 

d d lhcJ'uicc C'(trach:d nnd drunk for fe\er. ll1c lea,esfrom fevers; lcnvcs o.rc also poun c • 
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ore pounded and mixed ,vith \\'Rnn \Wler for bathing to trc:ll spots on lhe skin and
nausea (Kok,vnro, 1976) 

Ecology 11nd geographic distribution

1rer11011fa an,ygdalina is found in Afro-montanc ruinforest, undifferentiated afro.
niontanc forest (broadleaved forest, mixed f>odocarpus forest) oruI dry single-dominant
nfro-montone forest (Juniperus and Junipcrus-Olea); also in secondary montonc
evergreen bushland nnd sometimes fonning clumps in upland \\'OOdcd grnsslnnd.
Elsewhere also in lo,vland humid rangeland, sn\'lll\rulh WJd riverine fringes, onen
BSS<>Cia1ed ,vith termite mounds (USDA.gov, 2010).

Native : Angola, Benin. Burkina Faso, Burundi, Cameroon, Ccntrnl African Republic,
Chad, Congo, Cote d'Ivoire, Democratic Republic of Congo, Eritrea. Ethiopia, Gambia,
Ghn.na. Ouint"O, Kenya, Liberia, Mnla\\i, Milli. t.-lnuritanin, Niger, Nigeria, Rwanda, Sao
Tome ct Principe. Senegal, Sierra Leone, Sudan. Tanzania, Togo, Uganda, Ycn1en,
Republic of, Znn1bio. Zimbab,vc (USDA.gov. 2010).

Scil'ntlfic Clnssificotioa of Ver11011ia a111ygdali11a

Kingdom: Plnntoc 

Phylum: SpcnnutophytJl

Class: Dicotyledoncs 

Order: Asternlcs 

Genus: Asternccae 

Genus: Vernonia a111ygdal/11a 

Source: (USDA.go,,) (Pinnt identifier, 2010) 
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FJ�urc 2.5: I ,11111gdalt11,1 111 '" n.1tur.1l h,1h11.,1 1s,,ur�.: I hut�-J St,111.-,. Ocp.utmcnl or

Ai;ncultur.:; I 'SD\ "U\ l'l.11111dcnt1li.:r, ..:!Ollll 
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Table l.2: Proximate, phytochemicnJ and mincral con1positions of aqueous extracts of 

V an1ygtloli11a lca,•cs 

Moisture Dry Crude Fat.(%) Crude Ash(%) 
Content Matter Protein Fibre(%) 
(%) (%) (%) 

8.82 91.18 21.70 2.74 10.96 9.88 

Alkaloids Snponin Flnvonoids Anthocynnie I-ICN Stcrols 

(%) (%) (%) (%) {mg/kg) (%) 
1.52 0.20 0.04 0.02 6.22 0.04 

Co Mg K Nm p Fe Zn Pb 
m�IOOg mg/lOOg mg/lOOg mg/lOOg mgll0011 mJll.g m¥fl.11 mgil..g 

JO.SO 40.SO 37S JO 410 JJ S.20

Source: Dike (20 I 0) 

Amino Acid Pron le nf Vernon In nn1ygdnlinn.

Analysis of the amino Acid contents of Vernonia an1ygdal/11a 

Types of amino acids analysis (mg/100 g) 

lh1aminc 170.00 

Pyrdoxinc 2.06 

Ascorbic acid 20.49 

Glycine 4.63 

0.82 

Cn.rbohydmtc 

(%) 

54.72 

Tannin 

(%) 

0.28 

Cu Cd 

ffl&iki mg/kg 
12.46 oos 

Cystcinc 

ll)drolysate Casein

Nicotinamidc

1.84 

96.99 

1.65 Source: (Alobi et 11/. 2005) 
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2.9.2 Tali1111111 tria11g11/are

Bo111nic cleseriplion 

Talinun1 triangulorc (,voter leaf) is  on erect Ocshy-le::ifed herb of open ground and in 

fon:st clearings. ll is very easily propagnted by cuttings ond by seed. 11,e plant is 

purpte-no,vcrcd, o ,vhite Oo,vercd mutant gives pink-no,vered n offspring "1,ich on 

sclftng sho,v a simple 1-2-1 Mendelian ratio in the f2 generation, suitable, bccousc of 

the quick gro"·ing shon life-cycle, for demonstrating sin1ple genetics (Okigbo, 1967). It 

is used to soothe inOommations, as n diuretic anti-emetic opplicotion ond remedy for 

stomach troubles (Bouquet, 1969).The plant is sold in markets and cnten cooked as n 

potherb and in soups or ray,• in solod, ns condiments in snuces (Ainsle, 1937). It is rich 

in rninc:ml salts and an1ino acids and hos anti-scorbutic propcnics (Ousson, 1965). A 

study of Nigerian materials hos sho,vn it to be rich rn protein and to hove a high nsh­

contcnt, but, however, 1vilh on oxnlo1e-con1ent high enough to be possibly lethal (Irvine, 

1956). 

Ecology and geognrphic cllstribution 

The plant of Tali1111n1 tria11g11/arc is on exotic introduced fron1 tropiclll America and the 

Caribbean, ond no,v occurring in all pnns of the \Vcst-Africn region from Scncgnl to 

southern Nigeria but not in the drier nonhem stotes. The plant is o con,mon ,,«d of 

rice-field in old Bendel stutc of Nigeria. It is frequently cultivuted along the \Vest 

AfriC3n coast and c,•cn far inland (Okigbo, 1967). 
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Scitnlifie Classificalion ofTali1111111 tria11gulare

Kingdom 

Subkingdonl 

Supcrdivision 

Division 

Clnss 

Subcloss 

Order 

Fnmily 

Genus 

Species 

Planraa -Plnnts

Tracheobionta - Vnsculnr plan1s 

Spern1atophJ1a - Seed plnnts 

Alag11oliophyta - Flo\\cring plnnts 

1\lagnolfopslda - Dicotyledons 

C{lryapltyliltlae 

CaryuphyllaleJ 

Port11lacuctt1t - Purslnne family 

Ta/i,111111 Adnns. -fnn1cnowcr 

Tulh111111 lrla11g11lare (Jaeq.} \Villd. -Ceylon spinach 

Source: (USDA.gov} (Plant identifier, 2010} 

66 

• • 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Fli;urc 2.<,: I r111111;11l,11, 111 11� n.1lur.1I hJh1lJI. (S"lu\:c. I 1111,,I S1,1lc l)q,:1nn1�"lll of

,\gr,,;ullurc l Sil.\ l'"\ rt.in! 1Jcn11lil:r. �11101

c,7 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Table 2.3: Proximate. ph yt ochemicnl and mineral compos it ions of Aqueous c.-<troct of

r. rrio11g11/are leaves

�loisturc Dry Crud e Pat(%) Crude Ash(%) 

Con tent Nlattcr Prote in Fibre(%) 

(%) (%) (%) 

9.24 90.76 2.4 0.40 1.00 2.00 

Alkaloids Snponin Fla\'ono id s Ant hocyanic I-ICN Stcrols 

(%) (%) (%) (%) (n,g/kG) (%) 

0.96 0.10 0.02 0.04 0.00 

p Fe 

Source: Dike (20 I 0) 

Amino Acid Profile or Ta/i,11111 tria11g11lare.

Anal ysis of t he runino Acid co111cn1s ofTa/fn11m tria11�11/are

T) pcs of nrnino acids OllOl)1Si s  (g/l 6g N) of lcof mcnls. 

Alanine -6.12 Cyst inc - I .30

Aspnnicacid • 7.01 Mc1h.:1:Cys. • 3.40

Arginine • S.96 Lcucinc • 9.02

Glycine • S.61 Serine • 4.02

Gluuunic ac id • 9.38 TI1rc:oninc • 4.10

Histidine • 2.01 P henyaloninc • 6.21

lsolcucine • 5.62 Valine • 6.10

Lysine • 2.68 Tyrosine • 4.71

Meth ionine • 2.10 Tryptophnn • 1.82

Fnsuyi (2006} 
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2.9.3 Principle or lyophylization 

Freeze drying has been used in a number of applications for many years, most 

comn1only in the food nnd phnrmnccu1ical industries. There are ho\\·ever mnny other 

uses for the process including the stabilization of living materials such os microbial 

cultures, preservation of \\•hole animal specimens for museum displny, rcs1om1ion of 

books and other items don,aged by ,voter nnd lhe conccntrotion and recovery or renction 

products. Freeze dr)1ing involves the rcmovnl of \\'liter nnd other solvents from o fro:zen 

product by o process coiled sublimntion. Sublimotion occurs where o frozen liquid goes 

directly lo the gaseous stotc ,,ithout passing through lhc liquid phase. In con1ros1, 

drying nl nn1bicnt temperatures from the liquid phosc usually results in changes in the 

product nnd n1oy be suitable only for sonic n101crinls. J Jo,vcvcr, in freeze drying, the 

mn1eriol does not go through the liquid phnsc and ii allo\\'S tlu: prcpnrotion of o stoblc 

product thot is easy to use ond aesthetic in oppcnroncc. TI1c freeze drying process 

consist of three stages i.e. pn: fn:eiing, primary drying and secondary drying (Nircesho 

ti al .• 2013) 

rrc frcczinJ! 

Since freezing is n change in stole from the gaseous or liquid ph� to the solid pho.sc. 

ITllllcriols 10 be freeze dried must lirsl be odequmely pre frozen. TI1c mctl1od of pre 

freezing and the linnl temperature of the frozen product can affect the ability 10 

successfully freeze dry the 1notcriol. Rapid cooling results in small ic.c crystals, useful in 

preserving structures 10 be examined microscopically, but n:suhing in o product thot i s

more difficult 10 frceLC dry. Slower cooling results in larger ice cl'}stols and less

restricthe channels in the motrix during the drying process. rroducts frcc:zc ,n t\\O ,vnys

depending on the makeup of  the producL The mojonl)' of the product thot is subjected

to freeze drying consists primarily of \\'Dier. Most san1ples tl101 ore to be freeze dried arc

eutcctics ,vhich ore O mixture of subst0nccs lhol freeze 01 to,,er tcmperotun:s than the

· 
, n th eous S"c-n,,nsion 1s coolcd, changes occur in the solutesurrounding ,voter. \v ,,co e oqu -,,-

. A r ng proceeds, the \\'liter is scp:i.rotcd from 
conc-entrations of the product motnx. s coo 1 

. 
th . 1 -ntinn more concentrated orCllS of  solute. This pocl..ct
c solutes as II chnngcs to cc, c,.... ., 

of concentroled moteriols, hove a lower frc:eziog tcmperoture thnn the \\'liter. Although o
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product may appear to be frozen because of all the ice present, in oc1unli1y, it is not 

con1ple1ely frozen until all of the solute in the suspension is frozen. The mixture of 

various concentrnlions of solutes, \\•ith the solvent constitutes the cutectics of the 

suspension. Only ,vhen nil the eutectic mixture is froun is the suspension properly 

froien. This is called the: eutectic temperature. It is very importllllt in freeze drying 10 

pre freeze the product to bclo,v the eutectic temperature before beginning the frccz.c

drying process. Small pocket of unfrozen material remaining in the product expand and 

comprise the stn1ctuml stability of the frcczc dried product ((Nirccsha et al., 20 I)).

Prim11ry Drying 

After pre freezing the product. conditions n1ust be established in ,vhich ice can be 

removed from the frozen product vio sublimation, resulting in a dry, structurally intact 

product. This requires very careful control of the l\vo pnrometers ten1pcrature and 

pressure, involved in the fn:clc drying system. TI1e rote of sublimn1ion of ice fron1 a 

fro1,cn product depends on the diITcn:ncc in vnpor pressure of the product compared to 

the Vllpor pressure of the ice collector. �lolc:eules migrate from the higher pressure 10 a 

lo,ver pressure. Since vnpor pressure is related 10 1cmpcm1urc, it is necessary thot the 

product temperature is ,,'!111ller thnn 1he cold trap (ice collector) tc:n1pcrutun:. It is 

extremely in1ponnn1 1hn1 the 1en1pcro1ure ot \\hich a product is frcc1e dried is balanced 

between the tcmpero1u1c that maintains the fro1en intcgrit> of the product and the 

temperature thot mo..'(imizcs the vapour pressure of the product (Nirccshn ct al .. 2013). 

Secondary Dr;ying 

AOer primary rreez.c drying is complete nnd nil ice hns sublimed, bound n1ois1ure is still 
present in the product. The product appears dry but the residual moisture content moy 
be as high as 7-8 %. Continued drying is necessary 01 thc \\'IUTllCr tcmpemturc 10 reduce 
th "d I · 1 1 10 op1i·n1un1 values. This process is c."lllcd lsolherm11Ic res, uo moisture con en 

0 . 
th bo d ter -15 dcsorbcd from the product. Second DJ')' di) ing iscsorpt1on as c un ,vn 

. d I mpemturc higher than ambient but co1npa1ible ,vith
normally conunued at n pro uct c 

th . . • "II ther conditions such os pres.sure and collector
e sens1t1v11y of the product. " 0 
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temperature rcmnin the snn1e. Because the process is desorplive. the v11euwn should be

115 10,v ns possible (no elevated pressure) and lhe collector tcmpcmlurc ns cold as Clln be

aunined. Secondary drying is usually carried out for approximately 1/3 to ½ the time 

required for primary drying (Nirceshn et al., 2013)
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CIIAPTER TH.REE

�IETHODOLOGY 

TI1is ,vas an experimental study and this chapter focuses on the methods used in 

colleetion nnd extraction of plants (11ernonia an,ygdallna and 1alln11n11ria11g11/arc) used, 

preparation of stock o.nd ,vorking eoncenLrntioo of KCN and the plw11s extrncls, 

odn1inislrntion of KCN and vegetable extrncts, collection of blood and tissues san1plcs 

nnd nlso the data n1nnagemen1. 

J.I Aqueous e:urnction or Vcr11011io 0111ygrlnli11n and Toli1111111 trln11g11lnre 

fresh plants ( Vernon Ill an,ygda/11111 and Ta/11111n1 trlangulare) \\'Crc purchased from n 

,,cgctable fnsm (Ajala Frum) in lyonn-Churth Rood, lbndan Oyo State Nigeria. 

ldentificntion and authentication of the plant \\-:IS done 01 the Uni\crsity of Ibadan 

Herbarium. The leaves of both vegetobles ,vcrc picked scp11111tely and \\'llShed 

thoroughly ,vilh distilled \\'tiler 10 ren10\'e dirt and contruninants. ,vet wc:ight or I kg each 

\l'IIS takcn nficr ,vhich 200 111I or distilled \\"Oter oddcd to blend into paste. The pasre \\'llS

powcd into the cloth mesh and squeezed thoroughly to rcn1ove the c,ctract. The volume 

or the c:xtr.iet ,vus tnken using n measuring cylinder. The cxtrocts ,vcrc stored and 

shipped at J5°F - 46°F (+2°C • +8°C) tcmpcroturc condition to tl1e International 

Institute of Tropical Agriculture (IITA) for freeze drying. 

3.1.1 Ac1ucous cxtn1ction or 'e" uro' l'er11011ia amy,:dali11a 

\Vet \Veight of·E1YUro' leaves 1kg 

Volume of distilled ,vater used 200 nil 

Volume afler aqueous extraction ... 485 1111 

Weight of lyophilizing troy= 222.00 g 

D I 'nht ftroy nnd e,trnct - weight of tray) gry Weight of. E\\11!0' cxtrnct = (Totn \\(Ill>'' O 

• (229.255 - 222.00) g

• 7.225 g
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3,t.l Aqueous extraction of 'gburc' rali11u111 rrlangulare

\\let \Veight of 'Oburc' leaves .. I kg 

Volume of distilled ,vn1cr used= 200 ml 

Volume afier aqueous extraction ::o 650 ml 

\\lcight of lyophilizing tray= 222.00 g 

Ory \\'Cight of· Gbure' extract '" (Total ,vcight of Ll'O) and extract - ,veight of trays) g

• (238.627 -222.00) g

• 16.627g

3.2 Expcrin1cnl:1I 1111in1ah 

Thirty 7 \\"eeks old \Vistar rats ,vere randomly :wigned into Five (5) experimental 

groups and One (I) control group. 

The animals ,vere purchnsed from the nnimal house of the Pos1-gradua1e Institute for 

�lcdicnl Research nnd Training, Biode Building. University College Hospilnl to 

occlimotisc for four ,vecks. TI1cy "·ere obutlned 01 3 \\"eeks old and ,vere fed for four 

weeks on commcrcinl rut pellets and ,voter nd· libitum. They ,,ere kept in polyethylene 

cages whose dimensions nrc JO cn1 b)' 15 cm by 25cm at room 1empero1ure. All the 

procedures ,,-ere pcrfom1cd bcl\vccn 09:30 and 11 :30 a.m. 

3.3 Lyophilwuion (frcc-£c t111•ing) 

300 ml of each vegetable ex1mc1 \\'as dispensed into the lyophilizer trays nnd \\'OS frol.Cll

for 5 hours. ·n,c frozen cx1roc1 \\'OS then ploccd in the batch lyophilizer and freeze dried

for 2 days. Po,,•dcry forms of the vc:gctoblc extracts ,,,:re obtained ot the end of the

procedure. 
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Pln1c 3.1: Voucher �pcc,n1.:n of I u1111,:1h1//11,1
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Pl:11c 3.2: \ ouchc:r �pc1:1111cn of/ ,,,,,,,1-:,,/111 ,.
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3.4 Prcpanation of the stock und ,vorking concenlrntion
Stock: 
3mg or KCN ,vas dissolved in I 00 ml of distilled \\'alcr to produce a concentration of  30
mg/LOR 30 n1g/kg, and kept i n  a refrigerator. 

3 n1g of cnch vegetable extract ,vns also dissolved in I OOmls of distilled ,wtcr 10

produce n concentration of JO mg/Lor JO n1g/kg. nnd kept in n refrigerator.

\Vorking conccntnllion: 

I n1I of the KCN stock ,v:is dispensed in 9 nll or distilled \\'Utcr, shaken nod covered 

,vith a foil paper and kept in the refrigerator. This is  a I in 10 dilution (I :10) to produce 

a \\Orking concentration of3 mg/Lor 3 n1g/kg. 
I n1I each of tho vcgct.nblc extract \\'US dispensed in  9 ml of distilled ,vt1tcr in o I in I 0
dilution, shnkcn nnd covered \\1th o foil paper before it \\'US kept inn rcrrigerotor. 

J.5 Procedure for :uhnlnbtcrlng KCN nnd the ,•cgclnblc cxtructs 
The noimols ,vere treated ,,,ith the cyanide nnd or , egcuiblc using no adjustable 
micropipclle \\rith plns1ic tips nnd n canulor .The cnnular \\'ere labelled to prevent cross 
contominotion. llle \\-eight or the rnts was token nlong ,vith other physical observations 
before the KCN nnd the ,egetnble extracts were ndn1inistercd daily. Qunntit)' of the 
KCN and the extracts ndministered ,,ere bnscd on the , , eight of the rots. The ratio of 
the KCN 10 either the extract or distilled ,vatcr was 1:1. l11c ndjustnblc microp1pc11e 
was used to pick the extracts, KCN nod disullcd \\1llCr nnd dispensed into smnH bottles 
�,here it ,vns niixed thoroughly before reeding it 10 rots. l11c sn1nll boulcs. cnnulnr nod 
tips ,vcre labelled ns follows: 

Croup 1 (n•S): Fed ,vith equal volume of cyanide nnd distilled ,,111cr based on the 

,,eight of nnimals (Cyanide only). 

Group 2 (n=S): Fed \\ith eqlllll volume of cyonidc 11nd Vcmoni11 nrnygdlllina extrnct

based on the ,v.:ight of nnimnls (Cynnide + VA)

G 'th I lumc of C)'Dllide and Ta/1n11n1 tr/a11g11/are extractroup 3 (n=S): Fed "1 equn vo 

based on tile \Veight of onimols (Cyanide + TA)

76 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Group -4 (n=S): Fed ,vith equal volume of Vernonia extme1 and distilled \\'liter based on
I.he ,\'eight of animals (VA only)
Group 5 (n=S): Fed ,vith equal volume of Ta/i1111n1 triongulare extroet and distilled
,,'liter based on the ,veight of animnls (f A only) 
Group (i (o=S) : Fed ,vith distilled ,voter only 

Assuming the ,vcight of n rat in Group 2 i.e. (the CN+VA group) \\'llS taken as 190g. the
micro pipette ,,rill be ndjusttd to l9011L and ,viii be used 10 pick the cynnide nnd 1he
c."ttmct into the srnall boulc, mixed together nnd moke up to I OOOµL before the eanulor 
was used to pick the mixrure. 

The animals \\'ere picked from the toil ond the neck ,,'llS gripped ,villi the Jen hnnd and 
turned up,vnrds ,vith its limbs hnnsing up and the toil lucked bet,,-ccn the hollo,v of the 

Jen hond, then n clear passage to 1hc throat ,vns sought before the mixture ,vns 

administered. Ocforc feeding. physical pruumctcrs i.e. ngilily. eye Md fur colour. nose 

discharge and oculnr ond nnsol lesion were observed nnd recorded for 2 ,vceks. 

Throu11,hou1 the period of the s1ud>·· n doily record of bod) ,,·eight, food and drinking 

w:iter consumption ,,-as recorded 

J.6 Collccrion of snn1ples

J.6. I Collection of blood snrnplcs

On dny 14 from the fir..t dny of exposure, the rots were f:istcd for 24 hours before the

tcnninntion of the trc.itmcnts. On day IS. c.ipillnry tubes ,,ere used to collccl blood

samples from the: rats ,vhilc 1hcy ,vcrc still olive using the oculnr puncture melliod. The

blood samples ,vcre pluccd inside Lithium hepnriniscd bollks Md \\'Crt c.enlrifugcd ot

1000 re, otution/ minutes, oner ,vhich tJ1c plnsn1n collcc1cd by decanting into univcrsol

bottles before they ,vcre rnkcn 10 Chemical Pnthology where they "ere nnnlyscd for

liver function enzymes (Lf-G): Alkaline Phosphntnsc (r\LP). Asp:11ta1c

Aminotransfcrnscs (AST), and Alanine Arnino1rnnsfcrn:.c:s (ALT). Using et1p11lary

tubes. the Pocked Cell Volume (PCV), llncmoslobin (lffi), Red Olood Cell (RBC).

\\'hitc Olood Cell (\VDC), lllld Plotelet Count of coch rot ,vos olso cstimn1cd.
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Group 4 (n=S): Fed \\'itb equal volume of Vernonia extract nnd distilled \\'liter based on
the \\'eight of anin,nls 01 A only) 

Group 5 (n=S): Fed \\ilh equal volume of Tali1111n1 1ria11g11/are extrnct nnd distilled
\\'liter based on the \Veight of animnls (TA only)
Group 6 (n=S) : Fed with distilled \Voter only 

Assuming the \\'eight of n rat in Group 2 i.e. (lhe CN+VA group) ,vos Ulkcn ns 190g, the
micro pipellc \,<ill be adjusted to 190µL :ind \viii be used to pick !he cyanide and the
cxtroct into the small boulc. ,nixed 1oge1her :ind mnke up 10 IOOOµL before the canulnr 
,,'US used to pick the n,ixture. 

The nnimnls \\1erc picked from the toil nnd the: neck \\'llS gripped ,vith lhc lc:fi hand nnd 
1umcd up,vnrds ,vith its limbs hnngjng up and the tnil tucked bcl\vccn the hollo\v of the 

lcfi hnnd, then n clcnr passage to the tluoat ,vns sought before the mixture \\'ll.S

administered. Defore feeding. physicol pMUTlctcrs i.e. agility, eye nnd fur colour, nose 

dischnrgc and ocular and no.sol lesion \\'ere observed ond recorded for 2 ,veeks. 

Throughout the period of the study, a daily record of body ,,·eight, food nnd drinking 

wnter consumption \VUS recorded 

J.6 Collection of son1ples

J.6.1 Collection of blood somplcs

On day 14 from the first day of exposure, the rJts were fasted for 24 hours before the

tmnination of the trcolntents. On dny 15, capillary tubes were used to collect blood

samples front the rots \\'hilc tlley \\•ere still olh·c using the ocular punctun: method. The

blood samples \\'ere ploccd inside Lithiun, hepnriniscd bo11lcs and were centrifuged ol

1000 rc\'olution/ minutes, ofter '"hich the plasma collected by decanting into uru,·ersal

bonlcs before they \\ere token to Cbcmicnl Pathology ,vhcre the) \\Crc analysed for

li,er function enzynics (LFE); Alkaline Phosphntnsc (ALP), Asparu:11e

Aminotrnnsfcroscs (AST), nnd Alnninc Aminotrnnsfernscs (AL n. Using cnpillo.ry

tubes, the Pocked Cell Volume (PCV), llncmoglobin (110), Red Blood Cell (RBC),

While Blood Cell (\VOC), ond Platelet Count of coch rat \\'.IS also cstin,111ed.
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J.6.2 Collection of tissues 

Afier the collection of blood samples, the animnls \\'Crc sacrificed. This W'ilS carried out 

by ccn•ical disloca1ion method. The rots \\'Crc held at the neck and 1uil nod stretched 

until the spine dislocated from the neck. The carcass ,va.s cut open lin� nlba and the 

kidney, liver, brnin, spleen and testes tissues \\'ere removed and placed in a sample 

bolllc contnining 10% Formalin for histopathological analysis. 

3.7 D11111 1n:1nagc1ncnt and s1atis1ir11I anolysis 

n,e daily record of body ,veight, food and ,vn1er intnkc, hacmntologicnl. biochemical 

and histological data \\'ere analyzed using descriptive statistics and results \\'Crc 

c.xpressed as mean and stnndrud error of mean. In comparing the results of 1hc groups, 

,\NOVA and Student't-tcst ,verc used nnd the difference ,,..as tnl..cn to be signilicnnt 

when P- value is <0.05. 
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CHAPTER FOUR

RESULTS 

All expcrimentnl animals used survi ved to the end of Lhe 1 4  dO)S study. llic results 

fro1n the physical observations (body 11eigh1, ocular lesion nnd nasnl discharge), 

hoematology, biochemical nnnlysis involving de1ectios levels of Alnnine Amino 

Tronsfemses (AI.T) and Aspartnte tronsaminase (AS1) in serum nnd histopnLhology of 

sections of the brain, liver, kidney nnd the spleen ore presented belo1v. 

-ti Dody n•eight

As s1101111 in Tobie 4.1. the body \\dght ehonge of onin,als in  CN only, CN-t VA. and

CN+TA (43.4 ± 2.9, 21.4 ± 4.1 nnd 30.6 :1: S.3 g respec1ivdy) 1vcrc con1pnroble nnd not

signifieontly ( p>O.OS) different fron1 control (32.0 :I: 1.S g). VA only ond TA only (3.8

± 2.9 ond 7.4 :1: 4.2 g respectively) produced o significant (p<O.OS) reduction in body

weights of onimols ,..,hen compared ,vith control (32.0 ± 7 .S g).

4.2 Food and ,vatcr intnkc 

-'.2. I Food intnke 

In respect of the food intake (Tobie 4. I). there 1vru. o significnnt (J><O.OS) increase in 

CN only (87.4 ± 6.4 g) trcnln1cnt group compo.red \\'ith control (70.4 ± S.2 g). llo1vc1cr, 

CN+VA, CN+TA, VA only nnd TA only (71.7 :I: 6.2, 71.7 :I: 6.2, 79.0 :I: 6.S nnd 6 2.7± 

S.1 respectively) 11,:rc comparable nnd not significantly (p>O.OS) diITcn:111 from control

(70.4 :1: S.2 g). 

4.2.2 \Vntcr int:1kc 

C ·d · I · ·-•· 05 shoivn in Table 4.1, the value obtained for CN+VA
ons1 enng 11e ,voter ,n""'c 

( · 'fi 1 (p<O OS) increase in feeding compared "ith control
214.7 ± J 1.2 g) produced o s1g111 1CQl1 

, d ',L the CN only CN+TA, VE onl) and TA onl) (167.8 ±
027.6 ± 24.2 g). Volues ob111inc "1u, 

00.,-* 22 1 g respectively) 11crc con1pnrable nnd not
23.8, 192.2 :1: 24.S, 181.9 :1: 27.8 ond I ·-

significantly (p>0.05) diITerent fron1 control ((127.6 * 24.2 g).
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Table·'-I: Effects of treahncnts on body ,vcighL, food and \\'liter intake.

ThfENTS DODY \VEIGHT CHANGE ( TRl:J\ [ I?) F ·00D INTAKE (o\ ( \\IATER INTAKE Ut) 

c;NOnlv 43.4 :I.: 2.9 87.4 ± 6.4' 167.8 :1.: 23.8 
CN+VA 21.4 :i: 4.1 71.7 :I: 6.2 214 7:!:Jl.21

CN+TA 30.6 :1.: S.3 71.7±6.2 192.2 ± 24.S 
VE Only 3.8 ± 2.9" 79.0 ¼ 6.5 181.9±27.8 
T1\ Onh• 7.4 :I: 4.21

62.7:1.: 5.7 100.2 ± 22.1 
Control 32.0 :I: 7.S 70.4 ± 5.2 127.6 :t 24.2 

Values nre 1ncan :!: SE�1 (n•S). 0p<0.05 \'S. control (One-way ANOVA rollo"·cd by 

Tukcy's multiple compnrison tests). 

Vnlues arc mean:!: SE�I (n=14). �P <0.0S vs. control (One-,,u> A'NOVA rollo,,·cd by 

Tukcy's multiple con1pnrison tests). 

Values are n1con :1: SEtvl (n-14). 'p<0.05 vs. control (Onc:-\\'tlY ANOV A follo,,cd by 

Tukcy's n1ultiplc comparison tests). 
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Table ,t2: Effects oftrealments on organs (Organs/body \vcight ratio)

TR.EA TMENTS liver\\'\ (mg) kidney \\'I (mg) spleen ,vt (mg) brain \\11 (mg) 

CN Only 35.4 ± I.I 8.0 ± 0,9 2.9± 0.4 24.6± 6.1 

CN+VA 30.5 ± 9.0 7.9±0.4 2.9 ± 0.3 8.7 ± 0.9 

CN+TA 32.5: 0.9 7.6 ± 0.1 2.3 ± 0.3 7.6± 1.7 

VE Only 41.5: 3.2 8.8± 0.4 2.7 ± 0.5 10.9 ± 0.6°

TA Only 31.9:i:I.I 8.9 ±0.6 2.3 ± 0.2 11.3 ± 0.3°

Control 33.9 ± 4.5 7.6 :1: 0.8 3.4± 0.5 09.2 ± 0.4 

Values are n1enn :1: SEM (n•5). 0p<0.05 vs. Control (Onc-wny ANOV ,, Cotlo,,-ed by 

Tukey's multiple con1pnrison test). 
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Table 4.3: Erfec1s of1realmen1S on hcma1ology parnmeiers

JIAEMATOLOGY

GROUPS rev% HB mg/dL RBC mm' \VOC X 10� mm' PLATELET X 10• mm' 

CN Only 35.4 ± O.G I I.I ±0.2 6.0 :I: 0.6 7700± 1218 111000±1617 

CN+VE 38.4 ± 1.6 12.1 :I: o.s 6.2 ::1: 0.6 8690± 1202 95800± 3747 

CN+TA 35.6± 0.9 10.8 :I: 0.2 6.1 * 0.7 10000 :1: 1450 83800,t 13890 

VE Only 45.2 ± 3.3' 14.0 :I: 2.3 ° 7.4 ± 0.9' 10890 :t: 1716 125000 :!: 149)0 

TA Only 35.8 ± 1.0 11.0 :t: 0.3 5.9 ± 0.6 9920± 1598 130200 :!: 14SJO 

Control 37.0 ::1: 4.4 12.4 :t: 0.5 6.8:t: o.o 8500 ± 1197 85800 :t: 14770 

Values nrc mean * SElvl (n•5). "p<0.05 vs. conlrol. (One-\\ay ANOVA follo\\ed by

Tukey's muhiple comparison 1est). 

Vnlucs arc mean ± SE�! (n•S). 0p<O.OS \'S. control. (One-v,ny ANO\/ A follO\\Cd by 

Tukey's muhiplc con1parison 1cs1). 

Volues nrc n1can ± SElvl (n=S). Pp<O.OS vs. conirol. (Onc•\\'DY ANOV J\ follo\vcd by

Tukey's muhiplc comparison 1esl). 
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Table 4.4: EfTects of lrentments on hematology parnn,eters

Groups LYM% N8U% �ION% EOS% 

CN Only 63.2 ± 11.8 34.2 :1: 11.7 0.8 ± 0.5 1.8 ± 0.5 

CN+VA 74.4 :i: 14.0 27.0±7.9 0.8 ± 0.8 1.6 :1: I. I 

CN+TA 63.6 :1: 8.5 32.6 * 8.7 1.2 ± 0.8 2.6:1: 2.2 

VA Only 71.2±7.9 26.4 ± 7.9 1.4 ± 0.9 1.0:i: 0.7 

TA Onl>• 68 ± 4.8 30.6 :1: 3.51 0.8 ± 0.8 0.8 ± 0.8 

Control 70.8 ± 2.5 26.4 ± 1.7 1.4 ± 0.9 1.4 :1: I. I 

Values arc mean ± SE�I (n•5). "p<0.05 vs. control. (Onc-,vny ANOV A follo,vcd by 

Tukey's muhiple comparison test). 
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Table 4.4: Effects of tre�tmcnts on hematology pararneters

Groups LYM% NEU% �ION% EOS% 

CN Only 63.2 :1: I 1.8 34.2 :I: 11. 7 0.8 :1: 0.5 1.8 :i: 0.5 

CN+VA 74.4 :I: 14.0 27.0:i: 7.9 0.8 :1: 0.8 1.6 * I. I 

CN+'l'A 63.6 :1: 8.5 32.6 :1: 8.7 1.2 ± 0.8 2.6±2.2 

VA Only 71.2 ± 7.9 26.4±7.9 1.4 ± 0.9 1.0:1: 0.7 

TA Only 68 ± 4.8 30.6 :1: 3.s• 0.8 :1: 0.8 0.8 :1: 0.8 

Control 70.8 ± 2.5 26.4 :1: 1.7 1.4 ± 0.9 1.4 :1: I. I 

Vnluc.s nrc mean :I: SE�I (n'"S). •p<0.05 vs. control. (Onc-,l'tly ANOV A followed by 

Tukey's multiple comparison test), 
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4.3 Organs· body ,veighl ratio 

In Table 4·2• I.here 'YllS generally no significant difference ( p>0.05) in the values

oblllincd in the experimental groups (CN only, CN+VA, CN+TA, VA only, nnd TA

only) on liver, kidne) and the spleen ,vhcn compared ,vith control. IIO\\'cvcr, VA only

nnd TA onl)' (10.9 ± 0.6 a.nd 11.3 :I: 0.3 g respectively produced o significant (p<0.05) 

weight increase in brain compared ,,1ith control (9.2 :1: 0.4 g) . 

.aA ll:1c1n;llologicnl analysis 

Tobie 4.3 sho,ving the n1con values and the standard error of the me:ins for packed cell 

volume (PCV), haemoglobin count (I lb). red blood cell count (Rbc), ,vhite blood cell 

count (\Vbc) a.nd platelets (Pl). 

�.-ti racked cell vohnnc 

In Tobie 4.3, pocked cell \'Olunu: (PCV) sho,ved n siginilicant (p<0,05) incre:ise in the 

mean vnlucs of V ,\ only (45.2 :1: 3.3 ) when compnt'l-d ,�ith control (37.0 * 4.4). 

Ho\\·ever, o non-significant(p>0.05) but comparoble values in CN only, CN+V A. 

CN+TA nnd Ti\ only (35.4 :I: 0.6, 38.4 :I: 1.6, 35.6 :I: 0.9 nnd 35.8 ± 1.0 respectively) 

were observed \\'hen co,npnrcd ,vith control (37.0 :!: 4.4). 

-1.-t2 llaen1oglohin 

As shov,n in Tobie 4.3. in respect of I lb. o siginificont (p<0.05) incre:isc in the mC41l 
values of VA only (14.0 :1: 2.3) \\•hen con1porcd ,vitb control (12.4 :t 0.5). Ho\\-e,·cr, n

non-signifie-0nt (p>0.05) but con1poroblc values in CN only, CN+VA, CN+TA and TA 

only (11.1 :1: o.2, I 2. I * 0.5, I 0.8 :!: 0.2 nnd 11.0 ± 0.3 respectively) ,verc observed \\ hen

compared ,vitli control (37.0 ± 4.4).

-1.-IJ Red Blood Cell
. 0 OS) · rcasc 10 the mean values of AE

In Table 4.3, considering Rbc, n sigin1ficnnl (p< • ,nc 

d .th control (6.8 1 o.O). HO\\C\ er, a non-
only (7 .4 ± 0.9) ,vhen compare ,vi 

. CN onl CN+VA CN+TA and TA onl)
significant(p>0.05) but comp:i.rnble 'olucs in >' 
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61.0 :i: 0.6. 6.2 ± 0.6, 6· 1 ± 0.7 nnd 5.9 :I: 0.6 respccth·cly) were observed ,..,hen

compared ,,ith control (6.8 :I: 0.6) .

.i.-1.-1 \\'hitc blood cell count 

In Table 4.3, the mean values Of \\hilc blood cell count sho\\ed no significant dilfcn:ncc

(p>0.05) \Yhen animals in lre:llmcnt groups (CN only, CN+VA, CN+TA. \IA only ond

TA only (7700 * 1218, 8690 :1: 1202, 10000 :1: 1450, Md 10890 :1: 1716 respective!))

\\en: con1pnrcd ,vith control (8500 ± 1197). tvloreo\er, then: \\'US no significant (p>0.05)

difference in the \Yhitc blood cell difrercntiols (lyn1phocy1cs, ncutrophils., monoc) tes and 

eosinophils) ,vi1h trentn1ents; CN only. CN+VA, CN+TA, VA only respectively. 

JIO\\CYCr o signilicnni {p<0.05) incrcnsc ,vns produc«I when mt30 volues of TA only 

(9920 :1: 1598) compared ,vith control (8500 :t: 1197) in neutrophils ns sho,,11 in Tobie 

4.4. 

-ts Ph11clc1s count

There ,vns gcnemlly no signilicnnt (p>0.05) difference in the mean volues for plotelcts

count obLnined fron1 nnin1als treated ,vith CN onl)', CN+\IE, CN+TA, VJ\ only and TA

only respectively ( 111000 ± 1617, 95800 :1: 3747, 83800 ± 13890, 125000 ± 14930 and

130200 :1: 145)0 n:spcctivcly) ,,hen compared ,vith control (85800 ± 1-1770) os sho\\'ll

in Table 4.3 .
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Table 4.S: Effects of treauncnts on biochcmicnl panunctcrs 

-GtoUP5 Totnl Albumin Globulin AST ALT Oilirubin Crcatinine 
protein mg/dL rng/dL m&fdL m&fdL m&fdL mg.ldL 
rnPldL 

cVNONLY 4.4 ± 0.9 1.9 :1:: 0.2 2.S ± 0. 8 29.0: 8.9 18.0 :1: 3_5 10.0 * 2.0 o.s ± 0.1
cvN+VE S.I :i:0.2 2.J ± 0.3 2.8 ± 0.4 33.0 * S.2 18.0 ::I: 7 .0 6.7 * 1.s• 1.0 :t O.J 
cVN+TA 4.S ± 0.3 • 2.8 ± 0.1 1.7 :t 0.4 ° 19.0±7.6 22.0 ± 8.6 9.0 .:1: 2.6 0.9 * O.'.l 
\IEONl.Y S.7 :1: 0.6 2.9 :1: 0.6 2.9 :1: 0.1 2S.O :1: 13.0 19.0 * 2.1 9_7-:1: I.S 0. 7 :t: O.'.l
TA ONLY S.9 ± 0.4 • 2.7 :I: 0.6 3.1 ± 0.4 16.0± 7.2 17.0±4.7 10.0 ± 2.1 0.6 :!: o.s 
comoL S.2 :I: 0.2 2.'.l :i: o.s 2.9 ± 0.4 21.0 :1: 6.1 21.0:1:7.1 I t.0± 1.0 0.8 ± O.J 

Values ore meon * SElvl (n•S). 'p>0.05 vs control (Onc-,wy AJ\IOV A followc<l by 

Tukcy's multiple comparison test). 

Volues are menn ± SEM (n=5}. "p>0.05 vs control (Onc-\\ay ANOVA follo,vcd b) 

Tukcy's multiple con1pnrison test). 

Values are mean ± SEM (n 5). Pp>0.05 vs control (Ont·\\11)' /\NOVA fotlo,vcd by 

Tukcy's multiple compnrison test). 
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,.s Oiocbcmital analysis 

,.s.l Total protein ('fr) 

In Table 4.5, there ''11S 11 significant (p<O.OS) dirrercnce 1n the mean values of total
protein ,,·hen treatn1ent groups; CN+TA nnd TA only (4.S * O.J and S.9 :1:: o 4)
comp:m:d ,,ith (S.2 :!:: 0.2). Ho,,ever II non si<>nifie�nt (p>O OS) b' I • I d·m · • .,,,. ..., . 10 og,co I erenee 1n

the menn values total tollll protein ,,ith treatments; CN only. CN+VA, VA only (4.4 :1:: 

0.9, 5 I ± 0.2 •• 5.7 :!: 0.4 respectively) eomp.:ircd '"ilh control (S.2 ± 0.2). 

,.s.2 Albumin 

As sh0\\'11 in Table 4.5. n1ean ,aJucs for albumin in trcatnicnt groups; CN only, 

CN+VA. CN+"I A, VA only and T1\ only (1.9 * 0.2, 2.3 :t O.l. 2.8 :t 0.1, 2.9 * 0.6 nnd 2 7 * 

O 6 rcspccthcly) arc comprunble but not significontly(p>O 05) dirrcrcnl fron, control (2.3 

±0.S) 

-1.S.3 Globulin 

In Tobie 4.5, n significant (p<0.05) dcc:rc;isc in the mc:in vnlue or globulin \\'US

produced ,,ith treatment CN+TA (I 7 � 0.4) 11hcn comp=J 1,11h conlrOI (2.9 * 0.4). 

�lorco, c r ,  o non significant ( p>0.05) difference \\US obsencd 11ith mc1111 ,aJucs of 

globulin in the experimental groups; C'l only. CN+VA, VA onl) und TA onl) (2.5 * 

0.8, 2.8 * 0.4, 2.9 * 0.1 and J. I * 0.4 �pec111cly) "'hen compared \\ith control (2.9 -0.4). 

-tS.-4 Aspnrtntc trnns11111inosc (.AST) und Alanine 11mino tn111san1in11)c (,\Ll)

As sho,,-n ,n Tobie 4.5, mean 1.ilub for AST in all c,pcnmcntnl groups; CN onl).

CN+VA, CN+ r,,. VA only 1111d I A onl) (29.0 8 9. JJ O :t S 2. 19 0 :I: 7 6. 25.0 * 13 0

and 16.0 * 7.2 rcspccu,cl}) arc comp:unble nnd not signific:intl) (p>0.05) d11Tcrcnt fron1

control (21 o * 6.1 ). IIO\\C:\er. there ,vns no significant difference (p>0.05) in mean

values of Al T ,,hen the e,penmcntol groups CN onl), CN ... VJ\. CN�TA. VJ\ only

and TA onl) (I 8.0 :t J.S, 18 o * 7 o. 22.0 ± 8 6, 19 o :t. 2 I nnd 17 o :t 4 7 �)pc.:111cl>) "ere

C-Omparcd to control (21.0 :I: 7 I) 
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-1.S.S Bilirubin and Cre:itinine 

Lo Tobie 4.5, o significant (p<0.05) decrease \\'US produced in the mC4Jl values ror

bilirubin (6.7 :I: 1.5) compared ,,<ilh control (I 1.0 :t: t.O) "hen animals in group 2 ,vere 

lfClltCd ,vilh CN+VA. Nlcan vulucs for crc:11ininc ,v(re not significantly (p>0.05) 

different \\'hen the experimental groups eonipaml ,vith control. 

-1.6 Hlstop11thologic11l unnlysis

A random selection of lb.rec nnimnls (rots) from cnch experimentnl group for

histopalhological analysis wns carried out. The results of the nnolysis of the li\'cr,

kidney, spleen and the brain an: prc.scntcd in Tobie 4.6 nnd Plates 4.1 10 4.14

-1.7 Ocular lesion ontl onsol discharge

Then: ,,..ere no visible sign of ocular lesion in onin,nls of group one 10 six. No nns.il

discharge \\'llS observed in nnimols or group 1wo, three, and four but slimy nnsal

discharge ,vns found in 20 per cent of rots in group one and IO per cent of rots in group

live only ns sho,vn in Figure 4.1
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Table 4.6: Histopatl1ological analysis of1he orgo.ns 

GROUP LIVER KIONuY SPLEEN Olv\lN 

ta Muhifocnl fntty �titd congestion No visible lesion No visible lesion 

dcocncrnlion 

le tony �tild necrosis L) mphoid Multifoeal o,ca

deaenern1ion dcnlc1ion sMn•iosis 

Id Portnl Glomcrulnr CMt No visible lesion No visible lesion 

lymphocytie 
de0cnc:rntion 

2a Slight folly No \lisible lesion No , isiblc lc.\ion No visible lesion 

dcucnerotion 

2c No visible lesion No visible lesion L)'mphoid No \lisiblc lesion 

den let ion 

2c No visible lesion No visible lesion No visible lesion No visible lesion 

No visible lesion No visible lesion No visible lesion No Yisiblc lesion 

3n 

lb Henntie necrosis Mild con.,cstion No, isible lesion No ,,isible lesion 

3d No ,•isible lesion No, isible lesion No ,,isiblc lesion No, isiblc lesion 

No visible lesion No visible lesion No, isiblc lesion No visible lesion 

4a 

4b lie tic necrosis t.lild conccsiion No , isiblc lesion No, isible lesion

4d No visible lesion No visible lesion No, isiblc lesion No, 1siblc: lesion 

No visible lesion No , is1ble lc5ion No visible lesion No, isible lesion 

Sa 

Sb No visible lesion No visible lesion No ,isible lesion No , isiblc lesion 

Sc Siousoidol No , isible lesion No visible lc)ion No , isiblc lesion 

dilot.1tion 

No visible lesion No visible lesion No visible lesion No visible lesion 

6b 
No visible lesion No visible lesion No visible lesion No visible lesion 

6c No visible lesion No visible lc)ion No , isible lesion No visible lesion

89 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



20 

18 

16 

14 

i
12 

C 
10 

8 .. 

6 

4 

2 

0 

CH Only CN + VE (0) CN + TA (0) VE Only (0) TA Only (7) Control (0)

(14) 

Treatrntnl s,oups (count) 

-
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XIOO ,400 

Pin re -t I: Photon1icrogrnphy of li\cr section fur group I (CN only) 

Sho\\ing n1ild congested v�lc: ,, ith rnullifc:,cal folly dcgcnc:r:,11011 (black arro1, ), rhc 
,inuso1ds arc infillr.ltcd hy 1nOam111otory cell� (slender aml1\), the l)mphoc}1CS :ind 
polymorphomuclc:ir c.:lls. The port:il trn<:I (\\ hll.: ilrT011) aprc:ir mildly rnliltmtcd. TilC 
hq,JtOC)1CS ,n: nom1:il (blue .urow) 

1)1

• 

.. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



XIOO 
X400 

Plnte -t2: Photomicrography of kidney scctoin for 1\IUU(l I (CN only)

Showing poor orchulecture, the i;lo111cruli appcor normal (wlutc nrrow), the renal

tubules sho\\'S 111ild tubular necrosis (blue arrow). l11c� " foc.11 :m:n of occumulntc

OuicJ thnt appear cosino1>hihc (blnck nrro,,·). the intcr..lilml sp:icc shows mild 1nlillr:itio11

(slcndcr ruro,v). 
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XIOO 

r1111c .$_1: Pho101n1crography of spleen section ror co111rol I (CN only) 

Showing lymphoid depiction. necrosis of the \\hitc pulp (white OJTOW) cht1r.1C1crizcd by 
:poptosis of lymphocytes 
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XIOO 't400 

Plntc 4.-l: Photonucrography of brain section forcontrol I (CN only) 

Showing :ibnonnol cerebellar cortc:< with moderate necnl\i, (wlulc nrrow) w1lh1n the 
sirom.i nnd several observable nccroti1.ctl nc:uronnl cells �ccn (slender nrrow) 
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XIOO X400 

l'lntc -tS: Pho101nicrogn1phy of liver section for i;ruup 2 (C'I/'" VE) 
Showing mildly coni;cstcd vcsslc (black orrow). the sinusoids nrc modcmtcly dilatotcd 
(slender OJTOW ). The portal trnct (wlutc nrrow) appear 1nildly 1nlillmtcd nnd l111: 
bep:ltocytes nppcar normal 
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XIOO 

r101c 4.6: rhotomicrography of spleen scc11on for group 2 (CN VE) 

Showing slight lyn1phoid depiction of the white pulp (white 31TOW). 
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XIOO X400 

Plntc 4.7: Photonucrogrophy of Ii, er section for group 3 (C� .. TA) 
Showing mild consc.�tcd poruil vein (blnck om1w), lhc cc111r.1I v�lcs nn: not congc:.ic:d 
(white arrow). the sinusoids appear normal nnd the hc:patocytcs appear nom,oJ (blue 
:UTOW) 
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rtatc 4.8: Photomicrogrnphy of kidney section for group 3 (CN, TA) 

Showing poor architecture, the glonu:ruli appear normnl (white arro,,·), the rcnal 

tubules sho,vs moderate tubular nccros1� (blue arrow). TI1crc is modcrnte \'asculnr 

congestion seen (black arTO\\ ), th.: 1ntcn.1111ol �pace shows no infiltration (hluc arrow). 

98 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



'<400 

Pfate 4.9: Photon1icrogmphy ofliv.:r s�'Clion for i;roup 4 (VE only) 
Showing 1nild coni;cstcd vc..�,lc (blnck arrow) with the por1nl trnct (white arrow) :ilso 
appe:ir mildly i11filtro1cd The hcpntocytcs oppcnr nonn:il 
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XIOO X400 

Plate 4.10: Photomicrography of kJtlncy sixt1on for group ,t (\'E only) 
Sho\\;ng poor an:hitccturc, the glomcruh nppc:ir normal (white orro,,•), the n:nnl 
tubules shows mild tubular necrosis (blue a1Tow). There i� ,·11.,ular coni:�1100 (lllock 
m-ow) and the intcrstitiol space shows mild mfihration 
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X400 

rlntc 4.11: Pho1001icrogropby of liver sccuon for 11roup S {TA only)

Showing nom1nl orchitcct\lTC., the ccntrnl \C:SSlc (blue: UrT'O\\) 1s not congested. no

v.i.sculnr (block) congcs11on. the s1nuso1d, :ippcar 1111dly 1nlil1rotcd (white nrro,v) No

patholog1cal lesion seen 
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XIOO X400 

l'lnlc 4.12: Pho101nicrogrn11hy orli\c:r sccuon ror group 6 (con1rol) 

Showing nonnnl archih .. "Ctun:. thc: central vcsslc 1s not congcsh.-d (while nm,w), no 

\'a...cul:ir congestion, thc: sinusoids nn: norm.11 withoul anlil1.rn11on (�lender nrro,v). TI1c 

mOf)lhology of the hcr,atoc}ICS np11c.1r normal (blue arrow). No pntholog1col lesion 

s«n. 

102 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



XIOO X-100 

l'lntc 4.13: Photomicrogrnphy of kidney scclloa for control [troup 

Showing normal nrclutecturc, the i;lomcruli (while am>w) ,s normal, the: n:nol tubules 

conm1n1ng distal convolutL-<l tubuk� (red arrow) ond pro·um:il convoluted tubulo (blue 

arrow) 3ppc:ir nonnol, 1111: 1n1crs11tial �,,ace nppe:ir normal (�11:ndc:r .11TOW). '\o 

p.1thological lcison seen. 
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XIOO X-100 

r1111c -I.I-I: Photom,crogrophy of bruin 54:Cllon for control group 
Showing normal cerebellum, the conc.'C (block nm:iw) oppcor nonnnl, the hyJ)(1Ccllular 
.!lld 1,rr:tnul:ir lnyer (blue nrmw) uppcar 11om1nl, the purk,nje cells (white nrrow) and 
other ncuronnl cells (slender DITO\\') nppc.ir normal, No necro�is 
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CHAPl'Elt FIVE

DISCUSSION

This chapter discusses the results obtained from the body ,,-cig.ht changes, organs-body 

weight index in animals of various experimental groups and the control. Funhcrmorc. 

results frorn the haematological, biochen1icnl and histop.ilhological indices \\'Cl'C olso

discussed. 

5.1 Dody n•eight change or the trcaln1cn1 groups 

\Veight loss or gain lnrgely depend on the nutritional status of the animals througl1out 

the period of study ,vhich n1ny result from decrease or incre3!ie in appetite for food o.nd 

,vntcr. In this study. no significnnt body ,,eight change ,w.s observed in animnls fed 

,,ith sub-acute dose of cyanide only, cynnidc ,vith Vernonia a111ygdallno and cyanide 

,,ith To/11111111 tria11g11/are. Moreover, a significant increase in food and ,voter 

consumption v,ere obser"ed in animals of group one and t\\'O n:spt--ctivcly. According to 

(Howard nnd Hnnwl, 1955), in a 2-ye.ir feed study in ,vhich rots ,vcre administered feed 

containing hydrogen eyunidc at concentrations up to 300ppm, there \\Crc no decreases 

in body \\'eight gain. ,\lso, odn1inistrotion of potassium c)'nnidc: ot concentrations of up 

to JOOppm orally to rots ond mice for 6 ,,"eeks resulted in no significant adverse clTccts 

on body \\'eight in a study conducted by Philbrick er al .. ( I 979). This study is in 

agreement \\�th findings of these previous studies cited. 

5.2 Orgon-body n•cight lndcl or the 1rcoto1cnt groups 

The orgo.ns \\eight ratio in nil treatments ,vhcn liver. kidnc). spleen and Lhc broin "�re 

CO ·d d · ., · · enl sho,,ed no si<>nificont dilTcrcncc when compared tonsr ere ,n ullS cxpenm .,.. 

control group. Although, Vcrnollla an,y,:tlollna cxtrnct only o.nd Tali11u111 tria11g11/ar,

· ·Ii t hangcs in o..r.1n-body \\'tight inde.x of the bruincxtrnct only produced s1gru icon c · .,.... 
posurc of potossiwn cy:midc in mo.Jc ruts Previous studies hove shO\\'ll thnt sub-ocu1c ex 

r , • • , f7 0 .,/l-g for 21 da)S did not produce Dn) significo.nt,ollowing orul adm1111s1ro11on O • lllwn 

. . bod . ti "< of the animnls :icconbng to fulSO\\'UOI et
change 10 body weight ond organ· Y ,n c. 
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11/., 200S. Also, there \\'Crc no elfec1 on the liver \\ eight occurred \\hen polllSsium 

cyanide \VOS adrninistcred in the diet at dose of 200,ni;/kg d1c1 (Palmer and Oslan,

1979). 

S.3 Oculur lesion and nasal dischurgc or the 1rc111mcn1 groups

In cyanide treated animals. ocular lesion and blindness resuh from persistent onoxia in 

the br.iin. Visuol and other neurological disrurbanccs attributed 10 cyonidc generally 

occur "'hen exposed 10 relatively high levels of cyanide or cyanogcnic compounds. 

In nns, ho\Vever, the corpus callosum appears 10 be more sensitive 1hon the optic nerves, 

\\here:i.s in humnns, optic nerve damage is frequently the only central nervous system 

lesion (\\lay. 1982). Numerous studies hove iniplicatcd cyanide ns the etiologic agent in  

human ncuropa1.hics, including Nigerian nutritional neurop:11hy, tobacco amblyopin, and 

Lcbcr's optical nlrophy (To\vill e1.a/., 1978). 

There \\Crc no visible signs of ocular lesion in all experiment:il animals treated during 

this study; these findings could be os n result of shon term exposure of the nnimols 10

sub-acute concentrn1ions of cyanide. No munl discharge \\'OS observed 1n oniniols of 

group c,vo, lhrtt, and four but slir11y nnsnl discharge \VOS found in 20 per cent of rots in 
group one nnd IO per cent of rots in group five only. 

S.-4 llacruntology nnolysis of the trc11tn1cot groups 

In this study, sub-acute exposure of rots 10 cyanide did not produce any signific:int 

b.:iemalologicnl chnngcs but rui increase in p:icked cell volume. hnen,011lobin counts Wld

red blood cells ,vere observed \\ith the plllllt exuncts of l'er11011ia n111ygtlol/na onl}.

\\hilc extracts of  Ta/I/JI/Ill triongulare only also caused Wl incrta.Sc in ncutrophils

p;iru,neiers. In O study by Tulsa\\'lllli et. al., 200S, sub-acute toxicity of potassium

cyanide (KCN) in mnlc rots following orol ndn1inistrnt1on of 7,0 n,glkg (0.S LOSO) for

21 ,._ . 
1 • 1 d biochemical rndiccs \\'Cre dclcnnincd ofler 7 do:,.:.

u.ays, vanous hocmoto og1co nn 

f f KCN did 001 produce ony :.ignificant ch.nngc ino trcntmenl. Sub-ocule exposure o 

ood crcntininc osp311!1IC arninolJ'llnSfcmsc.
h:icmatology and the levels of bl urea, 

lriiodothyroninc (TI) ond tetroiodothyronine (f 4).
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I 

s.s Oiochcmical annlysis of the lre:itmcnt groups

Li, er function enzymes; aspnn:ue transnmiDllSC (ASD, nlnnine amino Lmnnminn.�e

(ALD and alkaline phosph3L11SC (ALP) ore useful biomnrkers in the plasma. AST is

present in high conccntrntions in cells of cardiac and skelct.al muscle, fiver, kidney and

trythrocytcs. Damage to any of these tissues mo) increase plasma AST level 10 obout

70* 2 (Anonymous. 1976).

In this study, odult \VisLnr rats sub-acutely exposed to cynnidc. cynnide \\ilh vegetable

extracts of Ve,11011/" ""')'gcla//11a nnd Tt1/i11un1 tria11g11/are sho\\cd a comparable but not

significant changes in liver function enzymes; aspartatc transan1inasc (ASD. alMine

amino Lransruninase (J\L 1). A significant reduction nnd increase in total protein

respectively were observed in  this study \\hen nnimnls were sub-ncutcl)• exposed lo

cyanide ,vith Tali1111n1 tria11g11lare nnd Tali1111111 1rlang11lt1re only. Also, n mnrkcd

reduction in bilin1bin level ,vos observed when group 2 onimnls were sub-ocutcly

exposed to cyunide ond Ver11011la c1111ygdalina ot equivalent dose of 30 mg cN· /kg/day

for 2 weeks.

5.6 Histopnthological nnnlysis or the treatment group 

In rats dosed by gavage, highest concentrations of C)Rnide ,verc found in tl1e liver, 

follo,ved by the lungs nnd blood (Ynmrunoto cl nl., 1982). The distribution ofcyunidc to 

the various tissues is rapid nod fairly unifonn, however, higher levels ore generally 

found in liver lungs. blood. kidney nod brain (ATSDR. 1997; 13nllnnt)'RC:. 1983; 

ECETOC, 2004; Genier nnd Daine, 1938). 

Histopathological conditions ossocintcd ,vith sub-acute exposure of KCN c.11\ result 

from diminished activities of cytochrome c oxidase in the brain nnd rhodnncsc in lhc

I
. 

(T I 
· 

t 2005) Additionnlly he also reported thot KCN produced
IVCr u _$0\\'llRI l!I. a .. . • 

vllrious histological chnngcs in  the brain. hCllrt, liver nnd 1,.idney.

1 thi d d t�uon or three nnimols (rats) fron1 eoch c�pcrimcntol group
D S SIU y, D run om SC .... 

• • . · :d TI . results or the onalys1s of the 1t,·cr.for histopalhologico.J nnalys1s ,VIIS come out. tc 

I · group one (Cyruudc only). there \\"Cre
kidnt)', spleen nnd the broin revealed 1101, 1n 

. 
• 1 t'c dcgcncmiion of the h,cr, congcsllon of

visible lesions; multifocol nnd lymp ,oc) 1 . _ 
"th ral cells nnd glomerulnr east Ill the kidney,

blOOd vessels, necrosis of tubulnr epi e 1 
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\\bile in tJ1c brain. a n1ultifocot area spongiosis \\US presented. thereby indicating organs 

dnmoge \\'US evident ,vith cyanide. 

'The rots in group l\vo (CN + VA) after histopntological nnatysb hod: slight fatty

degeneration of the liver in n rat \Vith no visible lesion or the kidney in nil the rots and

lymphoid depiction of the spleen in one of the rats selected. The toxic efTi:clS or cyanide 

poisoning a.re thought to result primarily from inhibition of tissue cytochrome oxidnsc

activiry. \vitJ1 resulting histotoxic anoxin. In group three (CN +TA), focnl centriolobulnr 

hcp:itic necrosis ond congestion of blood vessels of the kidney ,vns observed in a rat. In 

e,xpcrimcnts ,,,ilh rots (Ibrahim et al., 1963; Lesscll. 1971; Lcsscll and Ku\\'llb:uu, 1974; 

Philbrick et al.. 1979). cats, nnd moo.keys. selective destruction of ,vhitc moner in the 

brain ,vas n striking and consistent re111urc of poisoning fron1 prolonged exposure to 

cyanide:. 

It is also evident in this experiment that there were no visible lesions in the liver, 

�idney, spleen and the brain ,,hen histopathologicnl analysis ,vns carried out on group 

four (VJ\ only), five (
T

A only) and group six (control) animals suggesting that born 

\'Cgctnbles have orgnns protective propcnies. 

108 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



CIIAPTERSIX 

CONCLUSION ANO RECO�h\lENDATION 

6.1 Conclusion 

Vegetables play nn importnnt role in hunian diet they are important source of both 

digestible and indigestible carbohydrates. They arc also important sources of niinerals 

nnd certain vitamins especially vi1runin A and C, they ore responsible for daily ,vcll­

bcing and protection from Ions term degenerative diseases (Achinc\vbu et al., 1998). 

The results obtained in this study suggest that both ,cgctablcs (Vcn1011ia a111ygdal/11n 

nnd Tnlinum tria11g11lnrc) extracts possess detoxification properties. Both vegetables 

h:lvc amelioroling and protective effects on organs assessed in this study. Chronic 

e.�posure 10 to,v levels of cyanide is suspected to be responsible for various ncurop:ithic

and thyrotoxic conditions in hun1ans. Data in the literature indicnlc that long and short •

1enn e.xposure to near- lethal concentrations of cyanide moy produce lesions in rodcntS

similar to those linked to chronic cyanide exposure in humans. Eorlic:r studies ,vbich nre

similar to this study s110,\'ed higher produc1ion of hydrogen sulphide from cyslcinc thon

from iso- quontilics of methionine or inorganic sulphnlc required cynnidc detoxification

(Bird, 1972). The cpidcmiologlc evidence for thyrotoxic and ncuro- toxic clTccts of

cyanide aficr prolonged exposure in humans suggests thot o difference in species

sensitivity to such c!Tccts may exist bct,\'een bunions nnd rodents, and further rcscan:h

in this area is ,varranted (13ird. 1972) ..

Further resenrch ,vork is required to cnrry oul bioacti\'ity guidoo frnctionalion of the

plants with O vie\\' 10 isolale, identify and cltoraclerize the moleculc(s) responsible for
the observed biologic!ll !lttivities and dctcm1ine the precise mechanism of o.ctions

invol,cd.

6.2 Rccom,ncnd:ition 

The nvailnbility of these vcgctobles Jler11011la omygda/ino and Tali1111m trl,111g11lorc

Co I • • d' • con..,blc of nroviding sulfone- sulphur present then runang 1etllf)' proh:an ,� ,. 

Op • • f th · 1 ·0 the possible pre,cntion of condiuons nssociated ,\1thportun111cs o ear vo ues 1 
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short ten11 sub-lethal cyanide exposure nnd intoxication due to their dctoxificotion 

properties.
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