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ABSTR \CT 

"-.1WI) people arc c,po5,Cd to the ri,I.. of C},1111dc po1wning in Nig.cna through con,urnpuon ot

C),iniJc containin g foods Telfwr111 ,icc,Jc111alu and Cunlmr11• c1/itor1L< cont:iin C)-tc1nc and

methionine "Inch h.1,c ,ome Jcttl\if)ing clTccts on C),iniJc poisomng lto11c ,cr. there 1s

Jcanh of information about the nmcliorollll!.! cnecis of 1hc!,C ,cgctobk\ on t)aniJc po,,omng

\\hen ui,cJ .L\ diclol)· supplcrncn1, in animal models fhc ,tudy thcn:lore a...,,,,-...-J the c:Oicac)

ofthc:,c l\,o ,cgctablc, on t)nnidc poisoning in Rn11111 r111111 ,.

lliin)· male albino \\ istnr mt, ot 7"ccki old \\CIC fed on commen:iol ml pdlcis .ind \\3tcr

ad/1blt11m for four \\eel..,. The) \\Crc rnndoml) Jllocalcd 10 live treatment, lllld one control

group,. l.)Ophili1cd 1101cr c,1rnc1� or T1 ·/fi11ria occic!.•ntallf cmd Corchor111 o/11or111 \\CO:

rccon,tltu1cd in water 10 give 3 contcntrJtion of Jmg,1 fhc sroup, ,,en: ueotcd \\llh l'otU\\IUl11

t)Jnidc lKC\:) (Jms,ks) om.I uqucou, 1cgc1oblc c,trncl (3mr I) a\ folio"'· di,tilkd \\Oler onl)

(Control group 1 ); Dihnc aqueous KC N onl) (group 2): KCN and l'i:/jmr,11 uccld,•,1111/i, c\tracl

(group 3); KCN aml Corc/1on1l ollton11 c,1mc1, (group 4); /t//n,rla un:11!.•11ta//, c\lmct onl)

(group S): C11rc/K1n11 o/11or111 c,tmcts onl) (group 6) l'h) \ltJI dl,lllllC'· bod) \\C1ght, oculnr

lt\lon and mun! di,chnrgc \\trc documcnu:d .lliochcmical anal>,is in,oh ins dc1ccting lc\,:h ol

,\(Jninc \mmo T mnsamin;uc (,\L 1 ). ,\spanatc Tr.ins.1m inlUc (. \ c;n ond 1\ 11..Jlinc 1'1111,photu,c

(/\LI') were u�d 115 ind1c1uors for liver dama1;c. Sections of the bmin l i\cr u nd l..1dncy \\Crt

c,,,mmcd morphological!) I he rc,ulh ,\ere ,1no!Y7cd u\ing dc�ripth c ,tat I-tics nnd \\0\ ,\ 

Jhc mean rnt "eight chilllgc ,,ere 24.0 47.6 (Control group ), •7,0Lll).7 (C."I onl)), O.OL3) 5

(C\. Tdfi11r11111Cc11/,.111C1/11 c\lrnct), -S.01 10 S (C'-. Corc/1(1n11 o/i111r111 c,1rac1S), 3 3 10 3

(f,•lfuirio oceide,uo/1., c�1mc1 uni)') and 12.0.L 20.>lg 1<'11rd1t>n" 11/1111rr" c,1rnt1, onlv) lor rat,

in group\ I 10 6 rc,pcc1ivcl> (p 0.05) In group 3 (CN Td/n1r1a oct'11l,·11ta/n c\lmtl). 17 1•,

uf the m1, h,1J uculnr lc\lon ,,hltc ocular k�ion occurrence \\Q\ 28.11�-, in group -I l(\.

C1,rrl11ir1L1 11/110,111 c,1mcts) and 67 I�, m iroop 2 (C.\. only) (p<O.OS). Shm) nn�l d1,chJrgc

\\ti\ found in 22.9'lo or ral� in group 4 (CN Cort'hon11 ,,l1tur111 c,1mc1�) an d 2li.6 "• 1n i;roup

2 (( N onl)) No d1..char�c 1\35 found m group, I (Control group). group J(l 'II 7,•//1111111

11(1111<11111/1, c,1r,1tl), group 5 (f1•/fi1/rl11 orcltkn1nln c,1roc1 onl) I and group (1 1Curt'/1CJn1,

11/1111n11 c,troc.ts onl) ), Runge, or \olucs for Al l 1\crc I 2-6q \Ill (unit,/lilcr) (Control l!roup ),

IJ,78 IJ I CC :'IJ ,inl) ), 15-Ci) U Ll( N � T�/fi11r111 11tdd1•111111f1 ,:,1rotll, 22-7,1 I I tt 'I: 1 

( 11ff'/,c1n11 tJ!t111n11 cx1r.11:I\) ,111J 2-(,q ll/1 (fc'lja1rf11 11< c,d,•1111 1/t, C\lr.KI onll) 11ml 7-70
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U,L,Carclron1, oht11n11 e,1racl\ onl)) for rul5 in group� I to 6 n:,pcc11,cl), 111J1eo11n� h,s-r 

damJgc: 1n gruup, 2 (['\ only) and group 4 (C:-- + Curcl111r1" ol11tir111 c,1r.iohl. 

I li,1op31holog1cal anal),iS imlicJtcd thill cyanide CJU!><:d th� follo\\ing. chJng�� m the mis: h,cr 

muhifocal degeneration. necro,h and ,light congcsuon of lhc l.idne) and brain m the rats in 

group 2 (Cl\ only): mild cong�tion of the lJdnc) ,11th no, 1\1ble lc,,i�,n of the: brain :ind l.1dnC) 

11.is ob�el'\ed in 1h� ml, of group 3 (Cl>. • Tt•/fuir,11 ,,cc1c/,·11111/11 c,1ruc1): focal hcJ'.IIIC 

dcgcncraiion ond nccro,i, 111th no visible lc,1on in the brain "ere oh-.cr-cd m rats of group -I 

(C'I + Curchuru., olltorru cxlrlltts). "lo visible l�ion of the lh e r  .ind brain II ere ob>er> .:d in 

rab of group 5 /1�/fa1r,a occ11/c11ta/t.1 cx1rac1 only) and group 6/(on;J,ona olimn,, c,1r."l' 

onl)·). \II rn1s m group I (control group) hnd normal 1olucs for ntl .issessed p3ramclcl". 

l'clfmria occ1d�111t1l1.1 w1tl Corchor,u o/iroroJ reduced t}anidc 10,icil) in the nib ftd II ilh lhcm 

m1pl)ing that they ha,c dc10:-.iOc.11ion propc:nl�. Ttlfi1tr111 11cr11J.•11t11l11 ho"c,cr had more 

1.lclo"ilication c:ffccb. 

Krr11onh: C)anidc pohoning, Rultu.s rattu.s. Corchorw o/,tar11s. J'tlfairu, m:c11lt11111l,.1

Dc10.,iliclllion. 

\\lordcounl: 498 
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I acl,no\\ ledge i;reatl) 1he contributions of m} SU()Cr\ i-.or Dr.O !\1 llofaJ• tor his pallcnt

teachings, unn-:lenting encouragement o.nd un:less effort, g,11e lilt to the proJ.:.:t \\hteh has 

led to the success of thi\ di...,cnation. \.I) spec1nl than!., .ibo yo 10 m} lcc1urcr- Pmrc-.,or 

!\I K.C Sridhar, Dr G R .F�C -'Ina. Or L.O Oloniniobn and Dr l);ipo Okarch ,,hose office 

door.; ,,en: al"">' open \\hen I needed o.ssi\tnnce I than!.. Dr Oshinwne of the 0.:11artmcnt 

of Htallh Promotion o.nd Educnuon. Dr Oairo, Or O}cwole for reading 111) ab�lrJcb 

lhoroughl) lllld for mo.king. rclcvan1 contribulion, I at,o ,,nnl 10 th3nk Dr (1\lr.) Jagun ot 

Vcrtinnr) l l istopo.1holoro, Dr ,\1kpoju of Nutrition Oep:i.rtmcnt tor hh "la�t minute" 

�siltru1cc on my ob\tmct, nm.I Dr Oalol)un of l\.1RA r for al\\,I), bc:ing then;: on "eel.end, 

to open the moin door 10 the buildins for me Aho 10 l\lr rrunu) t\\3 ot 11\IRi\ I, I cant 

than\.. )OU enough for )OUr MSi\1nncc, mn) )OU ,11',�)' ftnd quiel. help \\hen )OU need II 

and 10 \Ir. Kabini ol 1hc .\nlmal I lou,c I\IRAT 1hnnl. )OU for rro11dlng ,p.1cc nnJ cngc, 

for the rots, I "an1 10 1hanl. ,peciall>, !',Ir.; l-:cm1 Daudu or Clicmic,11 f>ntholog} OcpJnmcnl 

for assisting me "ilh the biochemicnl malysis.. lvlr Gbengo lpmmO)C or the lntcmnuonal 

ln\ti1u1c of Tropical i\i;ricuhurc (Ill A). for promrll) �,hting in l)ophilizing. 1hc 

1ci;c1oblcs. 

f"o all m) callc.ii;ue� and course 111n1e� ·\dekolu 1\bimbolo. l'lcmik Qb.:nya. Odc,hi 

Tolulopc:. \b1omiri Chimo.ob1, Rcnsho" Onoh 13cn]omin, \dcjumo \lumuni, llro\\n 

Gene, n. \bisoln llabaoyc, \ tr; Yu,ur Ohaji1111.i Chuncrc. Obol 1-,1her and Olusoln 

Yctundc n wa, r�all) grc,11 ,ind fun being m 1he ,amc cln\s ,,i1h all of you lk,pilc 1he 

\trc,, of lhh progn1111 there \\M never n dull momcnL 1hc b1rthd.1) r,irtic,. the \\cddinl!\ etc. 

for the friendship, cncouroi;emcnl and pro)cr. I om grntcfol lo i\de1ulc Adc>cm1 I c:in 

nc�cr hn,c n belier �olk,1guc. thnnl., 10 )OU 100. 

I cannut ti;1111c1 to aprrcciatc .ill my other friend� like Titi Oloo) c. Olmho Ogundclc, Kikc 

0JdD. l;lr. John lmolcJo I\IJ'o -\dcl..o)a, Oa1Ti�1c1 Deborah Collin\ I on) L l..hum, \Ir I ori,-

0)C) cmt, lln)O fllr Afolabi anJ m)· roommates. Opc:icmi i\kinlimc)in, F,thcr C'hul.1111 

and I Cl)Dll). I "ill also hl.c 10 aprrcclate lhc men of CioJ II ho Inspired. cncouro.[!cd lllld 

supported me m pm)CI"> m)" pa,1ur; Po,1nr Obalokun. Ven. ,\laladc \,1nla and Ven 

Adekoyo, )OU touched 111) life in \ID)� )OU lcn,1 c,pcc1cd, C,od bit,� }On 
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Tom} mum Jntl dad. I can·1 thank �ou enough for )Our care, llnc and cc,nccm. till,lllcl.11 

,uppon am.I cndlc,, pra}CI'\ all these )tars )OU .ire the bc';t r:ircnh m lhc \\Orld I prom1)C 

)OU m) academic: quc\l ,,ill not just slop here ii ,,111 continue and I ,,ill ah,a}\ make )OU

rroud You ,,ill li,c long 10 ,cc me succe1:d nnd cnjo) the rruiL, of )our labour lo m) 

sibling� Oluwabu,ola. Olu ,,asm1m1 and Anuolu\\:tpo. 1hanl., lor )Our pn1}cr, and n:chal'l1c 

cards ma) our ,1rong cord of unil}' and lo,c ne,�r b( brol.cn I oho ,1an1 10 c,lcnd m) 

,inccrc arprc:cialion 10 m) molher- in- la,1 for her dJil> prJ)CI'\ und 111) brolhcrs and s1,IC1"',·

in, la,,, ror there \\Ords of encouragement. 

To my h1hband. Olusola Ogunbode. 1hanl. you for )Our )uppon linam:iJII) and for bo:ing ,o

,c1)' undcr..lamling ,,hen I ha,c to ka,c home for dD)S. }OU al"a}, g,l\c me rc;i-.,n, ,,h) I

musl conlinuc nnd lini�h 1l11s rroi;rum. )OU ore n rare breed and a 1ruc gill from God I ,, ill

ah1a), IO\C )OU 

fin,111) 10 lhc t\lpha and Omega., the Alm,ghl) God I gi, c )OU prahc for the ,U'l!nglh. 

\\l�om. kno"lcdgn, U(ldcr.ilanding and favor l11c one ,,ho hos an unfniling lo,c: 111,,ard, 

me and kept me b) HIS grace anti men:) 1hroughout 1hc pcnod of 1his degree rmllrammc 

I hanl. You l·athcr for daily rrovision nnd pro1ccuon I hanl. You ftu juumc) mcn:ics and 

lor the gill of a wund mind I am gm1eful for .11l 1ha1 )OU h,1,c done \\hnl you an: doing 

rrc�n,ly .ind for 1ha1 "hkh >·ou ,, ill do in 1hc future I "ill praise and scr-c > ou foll!\ er 
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C 11,\1' l'I It 01'11' 

IN I ltOUUC. l'ION 

I.I II \C:h.(;llOUNn l\f!Oll\l \ 110'1

r)antJc ,In: t>.11h OlJll·madc ,md nuturolly occurrinl! ,ub, 1a11,c In r1.11urc the) nrc found 1n

,c,cml (lt1n1 ,r,.'l:ic, a, C)n11011c11ic i;ly�O\idc, nnd ur� produtcd h) cena111 hatteru. (un111, 

�,�.1..- nn,1 p.1rtkulml) c.1,,a,·11 I I  ,, proJ111;cJ h) 11\cr 1,000 pl,mt tpctt«:1 ,ncludmg iCJfthum. 

t,amboo .,nJ l.t sJ\J. Hcl,11i\cl) 1011 ct1nccn1t,1th•n\ or C)'ll1111lc c11n he highly toxic 10 �le 

nnJ \\ilJlltc t \ISl>ll flll\1)) C J,•-1\ 1 n,countc lor ,11.S pc;r cent 0(1hc (ooJ cor:sumcd rn 

O!Jun. I f..111 thun 0) o, and Ondo State l'orrncr \\'cslem Region), ns oomJ)Jll:d to 51 rcr

cell! 1n llcndcl <,1,11c (l\hd1\ c\l) nnd ·IS per cent 1n ,,namb111 and Imo Sl.ltcs (f .:n1 Ccnlr.llJ 

(Of..1i;bo, 19911), C o�._,,,.a ,up(llies the bull. or the cncrl!) inl�l.c in Southern N1gcr1.1 a, 

COITIJ>,111.'ll 10 other \lapk,: 1hcn: ,1rc ,c\crnl c.1,.-.a\a•bascd fooJ prcpan111ons for diffncnl 

pc;rioJs of 1hc U3) and \oriou, occasion\ (01.igbo. 1999). 

l.l SOl llCl·'.S or C\ \\11)1

1.1.1 ,1 ,._ ''"01 &OllllC�:s ,,o usr"

C)aniJc l} rclc.ised into 1hc cnv1ronmcn1 from numcrou\ sources llS :i result or hum.:i.n

11c1i,111c� �lcu!I flni�lung and ori;amc chemical linist In£ ind11,1ries a.< "ell :1, iron 111\d �eel

rroJucuon arc m,1Jor source, of C)onide rck�sc, to the .1qun11c en, 1n111mm1 \I c ti .m �.

of cmi,J1on\ to rhc nir urc nuribulcd 10 rcka�c� 111 11u1omobik c,hJu\t \ [', )R l'l��l

\\'orl.cri in� wiJc 1nricl) ol occupntion\ m3) be c,po;,;J 10 c�:in,Jc. lnc (:• 1 ,ulltl<ll'I

ma) al\O be c\Jl(•S.:11 111 cynnhk h) lnhah1l11n of ,:on1amlru1cJ air, ini;C',1100 1.:t a ,� ,,r

(uoJ, or cun111min�1cd Jri11k11111 w111er (,\ I SnR. l 'll!Q) \nthrof"(ISC'tllt sour-c--. l,f ,-,,anl.l.:

rclc.1\Cd 11110 the Cfl\llOnmcnl .uc Ji, cr..c llu1113n, nrc C\Jl('\CJ to g;is. liquid 1111d -..,lid I nn,

of c}anidc lrom n hru.Jd ranee nl nah1ml, inJu,111�1 nml 11111hror,.1i:cni. \(ll.-:\.� \\ :')

chcrr,,al hnm\ ol C),mtJc arc al10 11\c,I 111 111Ju,1rlal ,1nrtk.i11on, or arc rrn,:-n1 m 11!.:

en, 11onmcn1 Ilic C)1mlJc onion l 's" Is 1h,· pr1111.11} in, ic d1Cml.,1I rci;1rJlc,, ,,1 °''�'n (\\ 111 \.

2001) <;ourcc, of C)nnuk rclcu,c1 ln1111 mJu,rrk, t11':h11k ct,.,1111, ,I 111.1111.J�lur.� anJ

l'fl,cn �11,,l�nll ,11,h 111 me1.ilh11111tal nn,I mctnl 11la1lni 1111111,111c. 1111J t ,t.re-l11.'1111'I �-,.i anJ
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sil\cr from 1011-grndc ore,. Olher �urcc, include ,ola1ili1JIIOn from C)anidc: "a,tcs dl\f'O� 

off in landfills and 11:isie ponds. emissions from municip:11 solid ,1ash: incinc�tol">. h1omJ,, 

burning and fo,sil fuels combu,uon mcludmg �chicle emi-.sion� fumigJlion opcnuioo, 1md 

the production or col..c or other coal carboniz.ition procedure (\\'HO. 200-I). 

I l)droi;cn C)anide i1 a product ol combusuon, including the e,hau,1 of internal CC1111hu,11on 

cnllincs. tobncco ,mol.c, and cspeciall)' some plastics derived from acl) lonitrih: (bc:c.mse of 

the fatter effect. huusc lire� c.,n result in poisoninjl\ of the inhJhitanl\ ) Pota"ium 

fcrrocyanidc is u-.cd to achic1 ea blue color on c,l!>t liron,c ..culpturc, during the: final linhhmr 

�wi;c of the sculpture On 1b u""· it ,1 ill prllllucc a vcl) Jori. ,haJc or blue and is often mi\cd 

"1th other chemical\ to achic1 c the desired tint and hue. H 1s Gpplicd U5ing J torch and p:1int 

brush "hilc \\COrin& the standord \ilfcty equipment used for tin) painting application· rubber 

gto1cs. l.llCt) glosses. and a rcspir.11or !'he actual amount ol C).lnidc in the mi,ture 1aries 

according to the recipe, u1cd b) each foundr)' (A TSDR. 2006). 

11) 1\li11i111:

Gold and sil1cr cyanides arc among the vef) few soluble form\ of the'><! metal�. and c,nmdC\

are thu, u�.:d in mining n, \\ell a\ ctcctroplatlng, mc1.1llurS). JC\\Clr), aml photogrnph), In

Q ,mu/, I"""'', (for the mining of gold ond \il,cr), fintl) ground h1gh-grnJc urc b 1111,c:d

,,ith cyanide (conccntrJtion of Jbout t\\o l.ilogrum NaCl\ per tonne). to,,-i:raJc ore, an:

slllckcd into hl!llps and spru) cd 11 ith C}t1mdc solu11on (concentration or about one kilogmm

NaCN per ton). The prc<:10U\·ntctnl cntion, on: complexed h> the cyanide 3nion, to fonn

,olubtc dcri, 0111cs. e.g. (Au (CN) ,] ond I \e (CN):I

2,\u IKCN ,O, � lt0-21- ( \u (CN) ,) 1 2KOII 

21\g-+ IKC� I, .o. · 11,0- 2K (,\g (CN):J --2 .... 0H 

Silver i, tcs, "noble" than 1:otd .ind ollcn occur, a,; the sulfide in \\hich �c n:do:,, ,, not 

m,okcd (no 0: is required), instead o displacement rcnction occur,, 

,\11,2S t--lKCN-• 2h. ( \11 (C"N) I + K:S 

lhc ·rrc1,n�n1 liquor• containing these Ion, is ,cr,1mtcd lrom the ,ohds, "h1,h .ire di=nkJ 

10 o t.i11ing pond or ,pent hcJJ> the m:o,cntblc i;ulJ h.1v111g 1>.:cn rcmo1,-J llic mcllll i, 

rcc:<ncrc:J from the "rrcgnant i.olulion' b) reduction "ilh 11nc du� or h) nthurpllun unto 

ac11,atcd carbon. lhl, rroccs can rc,uh m cn,1ron111cntnl ,mJ he.11th problem, \qurou, 

, • 

; 
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C)nnidc i\ hydrolyzed r:ipidl>, especial!� in \Un light It CJn mobil11c ,omc hc.1,} mc1al, ,u.:h

as mertUr) it present Gold can also be associated with ll".,CnopJrhe (F.:.\sS), ,,hich ,, ,irnilar 

10 iron p}rilc (fool's gold), ,,herein half of lhc ,ulfur atoms an: rcpl�cc:J b} :ir-cn1c, \u­

con1:11mng arscnop>rile ores arc similnrl> re.1c1i,e toward cy:l!l1de. 

b) Fishini:

C>amdcs nrc illegal!} used 10 capture li,e fi\h near coral niers for the aquarium Md �a food

market, (Al SDR. 2006) l"his fishing occu� mninl} in 1he Philippm('>. lndunc,ia anJ the 

C:sribbean 10 suppl) the 2 million marine aquarium owner- in the ,,orlJ In this 111c1hod. a 

di1cr 11,c, a large, nccJlck,, '> rmgc lo ,c1111n a t}Dnidc wlu1ion into orc.u ,,here the ti�h an: 

hiJing, stunning them so lhal the)· cun be c35il) galhcrcd \ lan} fish QUgh1 in this flllhion die_ 

unmcdiatcl} or in shipping (1\ I SD!l. 2006). TI1o!>C lh,11 survl\c 10 lind their \\3} into pct 

store, olicn die from shocl... or from mMsi,c dig�the dnmogc l'hc high concen1m1ion, of' 

cynnidc on rc.:I\ on which this has occurred ha., rcsuhed in cases of t}Jmdt po1,oning amung 

local lishcm1en ,ind their fomilic,. a., ,,ell as 1m:vtrsiblc damage 10 1l1c coral rccf, 1lu.:mscl,e, 

nnJ 01hcr n1arinc life in the an:J( ·\ TSDR. 1006). 

c) l'umij!11fion

C),inidc, ,ire 11,cd a, in...:c1icidcs for 1hc fumigating of �hip, In the p.1M c) anidc '11L, h.1, e 

und �1111 ore 111 \Onie pla,c\ bcinl! u\ed il) rat poison (1\ TSDR. 1993). 

d) E�rculion

ll)drogcn c}ani1h: hM been u,cd in g.i) chamber c,cc1111on, (Ool.anga cl. al I 99�)

I.J \A'I Ult\l, SOUltCF.S 

Cyonidcs c.,n he produced hy ccnoin h.ic1crio. fungi. and algae 11nc.l 111c found in J number ol 

food� .ind plan� Cyanide 1� found. nllhour,h in ,moll omoun� in apple \CCJ\ .ind almonds 

(1\ I '-DR 2006) In planis. C) nnidcs arc usual!) bound 10 ,uHnr mokcult's in the form of 

,yanogcnic Ql)co,ldc� nnd -cr\c lhc plan! .i, Jcrcn� ai:ain,1 hcrhi1<,rc, ('1\""1\'D roo1, 31..i

manioc- the base from ,,hid1 tapioca ts mode) conuin, C)anogc:n1c gl)·<:0)1dc (Vener, 2000. 

Jones I 1)98) 
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1.,1 TO\.ICI r \

The lO\ICll) or h)drogcn C):lmdc 10 humAns is Jependenl on 1he nlture of the C\Jl(l\Urc T11c 

I CSO or LOSO (the conccnlrallon or do\C th:11 is lethal 10 SO%, of the c,Jl(l,,-d ropub11,1n) for 

go\Cou, h}drogcn C}Onide 1s 100-300 p;i� per million lnhala1ion or c�anidc in thi, range 

resullS in dc.:11h I\ ilhin I 0-60 minute� \\ ith dc,llh coming more quicl,I} ,i- lhc conccn1m11nn 

increase,,. Inhalation of 2,000 pans Jl(r mil hon h}drogcn C}anidc cau,c,. Jc�lh \\ i1hin one 

minu1c (IC\11, 2006). Ilic 1.050 for mgc\tion is 50-200 milligram,. or 1-3 milligram, per 

1..ilogram ofboJ} \\eight, calcula1cJ its hydrogen c:}nnid,: for contacl \\ ilh unbmidcJ sl.m. !he 

t.D50 I\ 100 milligr.ims (as h>drogcn cyanide) per l..ilogram of bod> \\C:1gh1 {IC�II. 2006).

1.5 �ll�CIIA�I"'' Of 1 O\'.ICI r\ OF C� \i'IDI: 

C}amdc causes o dccrca.sc m lhc uulim11on of O\)gcn in tissues producing o stale of hisioto:>.ic

ano,io C},midt can nl'IO inhibil \C\Cml 01hcr me1:1ll0-cn1}mc, conlllining for the (mosl pan 

iron). copJll!r or molytiJtnum c g  all..alinc phospho1a..-.c. carbonic anh}dm,c C)anidc c.-iu...:, 

un ui;;rc.i,c in lllooJ glucose ,md lactic acid levels and u dccrc;M in 1hc \TPI-\DP ra1io 

)hiflm1, from ocmblc to anaerobic metabolism. Cyanide ac1i,n1es gl)cogcnol}�is ond ,hunt, 

�lucosc 10 the pcnto�c phosphntc p31h\\3}' dccrc11Sing the rate of gl)COl)\is and mh1b111nt lhc 

tricnrbo\}lic acid C}de (Ro\ling 1994), HCN r«Juces cnerro avnilabllil} in all cell, liul 11, 

cfTccL, i, uh,,1}, mo,1 im111edia1c on the respirator)' �>�tcm and the he.in. !he lclhal dose for 

an adult. depends on the bod> \\Ctghl and nu1rll1onnl sl0.tus nnd thi$ is somc\,hcrc bct\\tcn 30 

and 210mg of I IC N. II the I IC.\ c,cecd, 1hc limi1 an indi\ idu31 is nble 10 delO\lf) or lolcratt, 

dc,llh may occur while ,1n:1llcr ,uh- k lhal nmnun1, ,,r c)anith: cau,c acute in1u,1cau1111 

S)mptonh or aculc cyanide into:1.icnuon 111cludc rapid rc,p1ra1io11; drop in blood prc;�urc.

rapid pul..c. diuincs; mcnt:11 contu;1on. di:mhc.:i and con,ulsion (Roshng. 11)91), Chronic 

cffccL, of t} anidc into,icdtion. ha, been linked to rcgul,1r long- tcm1 con,ump11on in

inJi, iduah \\ ilh roor nutri1ion. 

Death Jue to c)anide poi'\Oning cnn o.:cur \\hen the t)aniJc limit c,cttds lhc limn an 

inJi, Idun I i, ahle to dcto,ir> The likelihood of cyanide m10,1c.111on lrom con,umpuon of 

c:1\,;;iv.:i or b;imboo shools 1s dependent on body "ciphl and it is p<nJ,tblc 1h31 n child or pcrwn 

ol ,mailer bod)' wcighl \\Ould ni,1 be 3ble 10 c.lctn\lfy the c)·nnide rc,ultant from :i mc,ll ol 

in.1JcqUJlcly prepared cas"-1\,1 or bamboo �hoot\, The ocu1c lclh31 dose of h)Jroi;cn •)Anldc 

for hu111nn l>cings IS rcponcd 10 be 0.5-3.5 mg.,l.f bod� \\Cillhl ,\ppro\tmntcl} �0-bll mg CII 

free C}anidc rrom cos\J,n and it\ procc,«J produ,1, �,1n,1i1u1c, o kth�I J,,\C ti,r .m uJull m;in 

,I 
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(\llingi cl al.. 1995). l.ong-1crm con,ump1ion or c:1ssa,.i.. "ilh chronic upl.'11.C of 

c�anogl)COside,, in sub-:1cu1el) 10,ic do<,c, nl.l) 1,c in,ohcd in the palhogcncsis ol ccrt.1in 

co11Ji1ions including the di�1urb.1ncc of th) roid func1ion (goitn:) and ncuroJ1,31h1cs. 1his 

th) ro10,ic elTects or cy:1nldc depend, on ib con,cr.1on 10 the iodine an1.1goni�1 thux}anatc 

(l\1hng1 cl 31., 1995). lluman �a.,-.a\a ,:-Jting population sho\\cd oph1halmolog1c:il ond 

ncurologtc:il S} mp1om,. \\ hich an: tl\..oda1cd "ilh c.,posurc 10 1 IC\I 

01her nu1riuonal i111J mc1ubolic Jelic1cnc1cs alTccting the C) aniJc dc10,ilicntion mechanism 

mcludc ,u(phatc ond tine dclic1cncics. Sc,cral cp1dcmiologicol s1udic'I, in C11ssa,a .::i1ing 

population had �toblishcd an ns,oc,alion bct\\ccn cyanide c:1.posurc and sp.'lsltcpJraparc,i,. 

11111bl)'obio .illl.\iD or 1rop1col 01aida ncuropnthy (TAN) (A TSDR. 2006) '-lcurologic<1l dbonJcr, 

and thyroid obnormoli1ics h�, c bt:en linked,, ilh long-1cnn cons11mp1ion or cas-.avn (On.,�in cl. 

.ii. 1998). Sur\O:)S in t\frlc;in communities \\here cU,\J\J ,, � staple crop sho" n s1rong 

corrcln1ion t,.:1,,ccn cJ-,.-.a1a consump1lon ;ind endemic got1rc and crc1inism l)ict.11) 

1klicicnc1c,. c�pcclall) 1011 Intake of iodine. mil} con1ribu1e 10 lhis cffec1 (01.c. 1980). In 

�igcria and some 01hcr 1rop1c31 countries in Africa. 11hcrc the dail) d1c1 i� Jomina1cd h} 

st.in:h} �,aplc foods, dlt131") cyanide e,posurc from t}onngcnic l!l)co,idc\ In insuffic1en1h 

procc1.-,c:J foo1h conlaining IICN glycosidcl; hM been 1mplic.11cJ ns conlribu1ing foclor in 

growth rcU1rJ1111on. I he nutrilionnl tnlcml in some ol lhesc , cgc1;iblc species ,terns trom 1hcir 

rich con1cn1s ol C\scn1iol ammo acids. \'illlmins ond mincr.ils rur1hcr 10 lheir rich c,,n1en1 of 

the men1ioned nulricnts, il is cMobli\hcd 1h31 gn:cn �cgci.1hlc lco\c, ore lhc chcopc�t anti most 

nbundant -,ourcc of prolctns bcc:.111-.c of their obilit) 10 synthcsirc amino acids from 11 "idc 

range of \'lrtuall) o,.iilJblc pnmlll)· mo1eriol5 such JS \\Dier. carbon Jio,idc, and .itmo-phcrie 

nitrogen (11s in legume,) (I asu)i, 2006). Therefore, •,omc of lhc:sc I cgctablc, on: lhc chc,1pc,1 

Jnd mo,1 rc.1Jil)· 8\0IIJhlc >011rcc, or imponnnt prolctn,. , 11w11in, anti c-.�n1tol nmino acid\. 

In lite human bod). c�anidc "dcto,ilicd mainly by c1v)m�1k con,crsion 10 the much le,, 

IO\IC 1hioc}11na1c (SCll.'), Thi, dc10,ilic.11lon require, sulphur donor... lhat .ire pro, idcd b} 

,ulphur- conlllinin11 dtclJI") amino acids, t)•lcme ;ind mclhionine (U�ll!bo, 1'1119) In subje,:t� 

"ho ha,·c Qll adequate pro,�in component of 1hc:1r diet, c\,c" c� ,1cinc �nJ 111c1hioninc .u-c no1 

rcquu-cd for pn>ltin ') n1hc,h and 111c dci;rndcd to inofl!olnic �ulphnlc: and C\Crclcd 

s 
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1.6 ll ", I l l •IC',\TIO '1ron 1111 S'I lJI)\ 

\Inn} 1-.:t1pk i\rc c�(lO!\\:J to the rhl.. ul C)onhk polsonm11 tn "-il_!crin lhrough cun,i1111p11on uf 

,) .1111Jc c1m111ininv lood ond Jhu c\(l(•�urc tn 1.1r10U\ anthrt1po11cnic M•ur�. , nr ') uniik 

(l\1i,11n1n11 !hough ,c, cml ,tuJ1c, lul\ c hccn corricd oul on C)'llnidc p 11o,i,n1nu and 

d1cmu1hcrap, tnlcl'\ cntion-.. lhtrc Is dearth of mlor111a1ion ubnul !he urncllor.111ni: cllcCli. nf 

lhc� , Cftt.,bk, ( / .. y,11,111 11,Y td,·111111/1 anti C '11rr/1<ir11, 11//111,111) on c> ,1111tlc rolM>llllll! 

I., 01\.11 l I 1\ I 01 I Ill ",I I II\ 

lh, 11bJC\Cll\s 1111111 tud) 1 11, 1ktcr111lnr lhc cllcc1l,cnc�, 11 C1,r.-l111r,11 1,//111,111 (I '":du) 

anJ 1 .-l/11/ri11 11« ltl,•11111/h ( IJl!I' u) 111 the dc1u,iOc,111011 ul c}1mhk in p;,pulation, c,po. cd to 

•) ,,mdc 1nto\lc.11111n 111 , nr1u11, 1111111\ ind11d111g cun�umption ol �},1no11l)Cll\ldts usmi; roh 11, 

11 moJd 

Is -.,1•1 C 11•1( OIi.ii C 11\ 1,-., 

1 To n:proJ ·c 3cu1c IO\IC clkct('I) of C)'Dnidc in-1110 

u 1o 1cs11hc dlicnc} of C11rw:lmn1, 11/1111rr11 (l.\\eJu) nnJ Trl/tJlr111 ,,ctiJa,10/11 rlJg\\u)

,n coun1c111c11ng the 10,k effect of cyanide mtn\lCllllon m the uni11131 moc.lch

in. I t1 01111rola1c the 1c,ull rrom t1,o (2) abo1c 10 rccommcnJ 1hc ross1hilil) of uuni; the 

pbnt.s ,n 11llc1 IJtmg )Ul>-aculc C)ruiidc poi\OOlnl! 

1.9 11\lll \110\UI 1111 ",ILO\ 

T • Jt 1li1� �fob• '"'"l the ,ulphur conlltning 11mlno 11c1di (�c1h1onlnc and 

C)>tcmc) 31 st:inJard rcfcrcn.:cs. 

u The uub1lit) to r\llm9tc the, alues of the anuno octd, m 1hc , egcuhlt)_

111 TllC uubtht) 10 monitor rlasma lc1cls oft) anlde 1n c:\pcrlmcnuil antnuh,

,, I lrgh co�, or e�pcnmcnution. thus hmuing thc M:QJIC ol 1,1csttciuion
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CII \rTF'R T\\ 0 

I.ITFRA Tl, RC RCVIE\\

l.O RRIF.F Of'iCllll'TIO;\ OF C\ \I\IOf 

C)llllldc, compri� u "idc rani:,c of compounds of,al)ing degrees of chemical compk\it), :Ill 

of \\hich contain a C'- moiety. to \\hich hum.1ns :uc c,po!>ed in �3\, lit1111d. Jnd �olid tbrm 

from a broad mngc of natural and anthropogenic sources. \\ hilc man) chemical forms or 

t)·anide arc used in indu,trial application or are prc,cnt in the en, ironmcnt the cyanide anion 

CN is the primal) toxic ,,gent, n:gardh:-.\ of origin (\VI 10. 200-i). 

l l)drogcn c)aniLh: h a colourless or p:ilc blue liquid or ens with ;i faint biller almond-like

odour Ii is used primarily 1n lhc production of sub,t,1ncc, ,uch a, JdiJ1<10itrilc mcth) I 

mcthotl")'latc. chclatini; agcnl!>. cyanuric chloride methionine amJ its h)dro, ,·lated analot:uc<,, 

and sodium and poto,\ium C) ,miJc llyt.lrogcn C) anidc is al',(l u'>Cd n� a fumignnt in �hip!>.. 

railroad CIII',, large buildini:, �min silos. and Oour mills n\ \\CII a\ in the lumig.ition of r,:,1, 

and !>Ccds in �ncuum chambers Other t)'tlnidK such '" \Odium ond pota,,ium cy11nidc. Ure

loOlid or tl")stnllinc h)ero'>topi, salts "idtl) 11\td in ore C\tructin@ proccs.:.c:s for the rcco,co 

of gold and ,ihcr cltc1ro11latin�. cMc-hnrdcnini: of \tccl. b.:l\c mcllll flotation mc1nl 

dcgrcil\1111;, d) cing prinling. and pho1ograph) (\\'HU 200-1). I hc:y arc al\O ,, idel) used in 1h� 

s)nlhcsis or organic amJ inorganic chemk:ils (c,g nilrik\, c,irbo\) lie acid, .-unid�. cMcr.,

.ind amine\; hc,1,·) me1,1I cyanide,) and in the production ol chcloling agents llydrogcn

C)anidc i, fom1cd durini; the Incomplete combustion of ni1roscn-con1aining pol) mer;, �uch a,

ccl't.lm pliUtics pol)urcthancs, and 1,001. B)·drogcn c)aniJc is present III cigarette \ITIO�c

(\\ HO, 200-l)

?,I l'ROl'EllTIFS or C\ \'\ll)l. 

2.1 I l'h),kal rrupcrtlc, 

< )anldc 1s considered. m a bro.1J sc111a:, 10 l>c the mo,1 l'O\Clll ligand l,ir mun) trun,1111111

mcL'Jb I he \Cl) high 11ninltic, 11r metal\ for t)Jnidc c.in be 1111ributcd 10 iii ncg,111,c chll.l};.:, 

comp,ctnc�\ �nJ ubilil) 10 cnga11c m :x,bonJlng. \\'ell �no" n complc,c\ mdudr 
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• thi: h,:,nc)"3nides [l\l(C'I� I' (l',I Ti,\', Cr. �In. fc. Co). \\hich arc oclllhcdral In

geomCtl)-:
• the tclm cyan1d�. (l\l(C'l),f (\1 t-;i, PJ, Pt), \\hich arc �uarc planJr in gromctr'),
• the dityllllides f.\1 (CN) �1 (l\l Cu, ·\g, ,\u),, \,hich .ire line.it in gcomCII')

Due to ilS high nuclcoph11ic1l). cyanide i, readily introduced inlo O!l;OnlC molecule, b) 

di\plnccmcnl of 1hc corri:,pondin)l organic Mlidc Organic c } anide) are s�nernll} called 

ni1rilc, Thu�. Cl l aCN can be mclh} I C}anidc bu1 more commonl} i\ referred to .:I\ acetonilrilc 

In organic �ynthc,h. C}i1111dc is u,cd as a <. -1 5>nlhon. l.e II can be 11,ccJ to lcng1hen o carbon 

chain by one. while retaining the ability to be functionali,c:d 

R.\ CN • RCr-. · X (�uclcophilic Substilution) follo\,c:d h}: 

I RC� + 2 I hO -RCOOtl � -:1 Ii (llydrol} ,i�). or 

2. RCN + 0.5 I i,\111, (\1:cond )tcp) 2 11.-0 • RC.I hSI Ii � 0.5 Lit\l(OH), (under renu,

in di) ether, follo\1cd b) oddltion of lhO)

·\n ollcmouvc method for introducing cy:in1dc is via the procc,, of h}droc}unation. 11hcrcb) 

h)drogcn C}Dmdc nnd alkcncs combine· 

RCII--CII: · IICN-RCll(CN)Cll3 

I'\ tei.1 I cataly ,t\ arc rcqu111:d for such reactions. 

I l}drogcn cyanidt I, 11 colnurlcs, or pale hluc liquid with cha111tleri\11c odour of bitter almond 

(Vcr.chucrcn l9R3) IL hu.., il molecular "Cil!,hl of '.?7.03 and a boiling poin t of '.!S.6 'C 

(1\moorc and I lou111la 1983). It Is mi'ICiblc with \1111cr and alcohol and ,li11htl) soluhlc in ether 
{l)ud111nn, 1981)). Mo,1 people can smell h)drogcn t)anidc Ouc lo 11n JJIJlm:nl genetic trail. 

,omc indhidual\ connol dctccl the odor ofllCN (Ool.nngo cl .ii., 1 1111 ·1) l)odium cy:imdc and 
ixna.,;sium cyumdc ore both \\hilt (10\,dcrs "ith D bitter almoml•lil.c odor in damp nir Jue to 

!he prc�nce of h}droi;cn C)1tn1dc formed b)· h)dnily�,,
N1C\: + 11:0- IIC\/ �aOII 

2.1 2 Chemical l'roperlic� 
Once released 1n the c11 1 ,nmmcnt. the rc:.1c thil) of cyanide pro,id�s numcrou, p.1th1,u�, lor 

II\ Jc11ruJ.11ion Md ollcnu�1ion 

II 
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a) C'ompluaiion

Cyanide tonns ionic complc\c\ or , ul) ini; \Ub1lit) ,, ith man) metals. \lost C) ;in11.k 

comple,cs Jre much less 10,ic than c)uni1k. but \\cal. acid dissociable complc,cs \U.:h a, 

tho,c of copper and ,inc ,ire rcla1i,.:I) un,ublc :ind \,ill rclca-.c c)an1dc bJcl.. ID 1hc 

cnviro11men1. Iron cyanide complt\c� arc of P3rticular importllncc due 10 the abumlonc� of 

,ron l) p1cally n, :iilablc in -.oil, und du: c\trcmc stabilil) of this complc, under mo,t 

cnviro11men1ol condition\ I lo,,c,cr, iron t)anidcs arc subject to photochemical 

dccomposilion .ind 1vill icka.,c cyanide if c,poscd to uh.ra, 10kt lii;h1. 

�lc:tnl C) anidc co1nplc,cs ill'C oho subject ID other reactions 1h01 rcducc t)'nn1dc conccn1mtinn, 

m the cn,·ironmcnt, as dc\cribcd bclo11. 

b) rr«lpllouun

Iron cyanide fom1s prccipitntcs with iron. copper. magnesium. cadmium and zinc 01cr a pl I 

mngc of2-l I (IC�ll. ?006). 

c) \d1orpllon

C)omde and cyamdc-mc1al compk,cs arc nd\Orbcd on organic and inorgnnic constuucnts in 

soil, includmg oxide, of nlu1111ntum. iron and mMgonc-.c. certain I) pC\ of cla) s. feldspars and 

organic carbon •\llhough the ,tn:nglh of C)antdc retention on morsantc materiol, is un.:lc:Jr, 

cyanide: 1� \trongl) bound 10 ori;anic maucr (ICl'\11, �00(1). 

d) o,ht11lon

O.,idJtion of C)ilnidc 10 lc\S 10,lc t).innte normnll) require,,, ,1ron11 o,iditing agent �ud1 '" 

ozone.. h}drogcn pcro\ldc or h)pochloritc. 1101,c,cr. ad,orptton of c>o1nidc on both orgJn1c 

ilnd inorganic material, in the wil appear-. 10 promote 1Ls o,idation under nJturol condilion, 

(ICl\11. 200&) 

c) Sulphurolion

C)o1md� re,1cts with some ,ullur ,pe,:ics 10 form lcs, to,ic thinc).in;11c ro1cnti,1l sulfur 

wun:cs include free 111llur and ,ulfiJc n11ncrols such a., chnlcop}ntc (Cures�) ,halcoc1tc 

(Cu2S) and p)rf1ntitc ere S). o, \\ell as their o�ida11on product�. such �. pol) ,ulfiJes and 

1hiosulfo1c:(IC�ll. ?006). 

IJ 
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I) \"ob11hr,atlon

·\t the pll I} pica I o f  environmental �, ,1cm, fn:c c}nnidc 11 ,II be pn:dommntcl) in the fi1nn uf

h)drogcn t)Jn1dc. 1\llh gai.c:ou, h}drogc:n C)anidc c1ohing slo11I) 01cr 11mc The amount of 

cyanide lost through thi� pa1h11a} incru�s wilh dccn::ising pl I. incn:a�d aeration of '>Ohlliun 

:,,nd wuh increasing 1empem1un: Cyilnidc "also lost through 1olatili1auon from soil ,urfocc� 

(IC\11, 2006). 

g) lllod•t:nd,rlon

Under aerobic condition, microbial ac111it} ca.n degrade t)anidc ro omm11ni11. which then 

0)1.tdi,cs lo nitrolc. I his proc:c1� !us been sho11n clfcctivc \\ uh cyaniilc: concentration� of up to 

200 pa.lb per million \hhough biological dcgradntion al°'° o,;cur. under 11ru1crob1c conditions. 

cya.nidc concentration, gn:ater than 2 f!Jr1S per million arc 10,ic to these microorganism, 

llCt-11. 2006). 

h) IIJdrol),h

11) drogcn cynnidc can be hydrol)'ud to fom1ic ucid or ammonium fonnatc. ,\llhough this

reaction is not rapid, it m�} be: of �ignif1tancc in &round "atcr where anaerobic condttion, 

C\iSI (JC\11 2006). 

I) CrTtel• of Ci onldr on \\'lldlllr

\lthough cyanide reacts rcJdil} m the cnv1ronmcnl .md degrade, or fonn\ comple:1.e< and s:ills 

of 1aryin11 \tObilhtc\. it i< toc1.ic 10 mon) hvins org;m1\m\ at 1cl') lo" concentrJtion\ (ICt-11, 

2006) 

j) \quatlc Ori:•nhm,

fish and nquauc rnvcncbmtc� arc plniculnrl)· �n\ili\c to C),initlc c,posurc Concentr.11ion, or 

free C)Jilidc in the ,1qu.111c cn,•rronmcnt mn11ms from 5.0 to 7.2 n11crol,!rum� per liter reduce 

s1,imming pcrfom1ancc ond inhibit reproduction rn mGn) \flCCre< or li\h. Other ,lthcrsc cITcch 

inclulk tlclo�cd motility. patholog), and su\ccptibilit) to predation. di,1up1cd resp1r.111on. 

�moregufalol) di\turb.1nCC\ nnd nltcrcd sro"lh paucm\ Conccntrutton< ot 20 10 71> 

microgram\ per lircr free C)anidc cause the death of man) ,pcctc,. 1nd concentnition, tn 

c,�cs., of 200 microgram� per Iner 3rc mp1dl} to�1c 10 most <pc.-crc·- of ft,li ln,cncl>rntC\ 

c,pcncncc �d1crsc nonlethal cITc,t, nt 11\ to -13 microgram< per later In, ,) on,Jc. and lcth.11 
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clfecb at 30 10 100 micrograms rcr liter (although concc:ntrations in the range of 3 111 7

m1crogroms per liter c:iu.-.ed d�th in the .imphipoJ (Gamma.NS pule:,,) (IC \II. 1006) 

·\l1tac and macroph)'IC:. C3n tolcr.111: much higher cnvironmcnl.31 conccn1rn1ion, of fr,:c C) ,,n,de

than l'i\h and in, cncbrah:\ and do not c:,.l1ib11 11d1 crsc cOccl\ 01 160 micro11r.11n, per liter or 

mor,: ·\quatic plant, an: unaffected b) cynnidc 01 conccn1ra1ion, 1ha1 ore: lcth:il 10 m<"l 

,p,?c1es of frc:sh1,a11:r and niurine lhh and in,·ertcbrotcs l l011cvcr. dtfTcnng �n�i1i1 itn:s 10 

C).lnidc can rc�ull 111 change\ 10 plant communil) structure. 111th C)anidc c,po,ur� lc.iving o 

plant communit)· dominated b� l�s sens1ti1c species (1(�11. 2006) 

The 10,lcit> of t)·1tnidc to oquouc life is probably cnu,cd b) h)drogcn cyanide 1h01 h.1-\ 

ionized. dissociated or photo chemicall) dccompo�d from compounds con1.:unmg cyanide. 

Toxic errccts or the c)anult ,on itself on aquatic Ol'{!ani\mS ore not belie,ed to be sii,'llilican1. 

nor ore the cffccb of photolyMs of ferro- and fcrrit)'111idc\ II i, thcr.:forc the h)drogcn 

cyanide conccntt.ilion of water that ,s of s�atc\l "l!nilicancc in de1cm11nmg IO\ltil) 10 

aqualic life rolhtr 1han the 101;1I t)Jnidc conc<ulmtion 111< ..cn,i11vi1, of oqu�tic orgnn,sm, 10 

C)ariidc ,� lughl) \pccic, ,pccilic. and ,s alw alTt'clcd b)' 1101cr pll, tcmpcr:nurc: nnd O�)llCn 

content, a, 11cll a., the: life ,1ogc and condition of the organi�m. 

k) QlrJ,

Reponcd oml lclh,11 Do,c 50n D, for b,nh range from 0.8 milli�mm5 per kilogram of bod) 

11cigh1 (American mcrnl,' pigeon) lo 1 1  I milligr.ims per kilo11mrn of had)' 11c1gh1 (domc,tic 

chrcl,cns) S,>rnptom� including panling. eye blinkmg, "11i,ntlon anJ lctharg) nppc;ir II ithin 

onc•hlllf 10 lilc mlnu1c, oner ini;c,1lon in more )tn,iti1c ,pc<:rc,. ond up to lcn mmulC:' after 

ingc�tion h) mon: rc,1,1on1 \pc<:ics. l!,posurcs 10 high dose, rc,ullro in deep. laht>n.-u 

brcalhins follo11cd b) gasping and ,hallow in1cm1111cnl lire,11hillf 111 nll ,pcc,c, \1ortolit, 

t)picall>· occuncil in 15 10 lO minute,: ho11c1cr birds 1ha1 ,ur. ivcd !or onc hour lrcquentll 

rcc:01crcJ. po,,ibl) Jue to lhc mpid metabolism of t)anidc lo 1h1oc}ana1c and it, ,ub,cqui:nl 

c,crctron.Sub k1hol cllc:c1, ot C.),m,Jc c,po,un: 10 binh. 1ud1 " .111 mcrc.t!<C in their

sus<:cptibilrl) to prc:dato�. h:nc not 1-<cn full) in1�11gn1cJ nnd reported \ICl\11, 200b) 

I) \hmm•h

r. ,n Jc 10,icil) 10 mammal� i� 1cla1i,d) common due to the lari:c number ol t) .1no�cnic 

rorJl!C plant, ,u�h a, 'l(lrghum, Sud.in 1!111\\CS. com onJ CJ�\3�3 C"on,cnlr 111011, c•I C)�nJ.k 111 
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1hc� plants arc t) pic31l} highC\t in the �pring dunni; blooming. 01) gro,, in£ conJ111on\ 

cnhon�c the: accumul3tion of C)anogcnic i;l)tosid� in ccrum pl311t.s � ,,ell :a.� ,n-:n:J.!,C the 

u-.e of the!.C plant:. as forage: (IC\11 1006). 

l. 2 SOUllCES OF IIU!\l \N ,\NO F'\VTROl\�l['"T \L E.'\J'OSURl

2.2.1 l\nturnl Orcurrcnce 

ll)drogen C)anidc t\ uh1qu1111us in nature. II is found in 1hc \lr.Jto,pherc :ind nun-urban 

uopo�phcrc (U<ir P1\, 1990) II i\ n:lcascd into the atmosphen: from h111ma,, bumini;. 

volcanoes. onJ na1urnl bio11cnic processes from higher plant'>. l>Jcicria . .ilg.ic. and fungi 

(Fil..�d cl al .. 1981 Cicerone & lcllncr. 1983; \Vo) ct al� l9R�: ATSDR. 1997 Li ct al. 

1000). 1\n estimate ol the 0moun1 of cyanide: n:h:�cJ 10 the en, 1ronmcn1 lrom natuml 

biogcnic proccs'ICs is not a�.iilnblc (ATS DR I 997) C) onidc cxcurs naturall} os C) anogcnic. 

gl)cosides in 01 lca,,t '.!OOO planh ,cc (JCCf-A. 1993). kno,,n cyonogcnic gl)cosidcs in plJnt, 

include am)gd11lin. lln,1marin. dhurnn. prun:uin, lot.austrnlin onJ taxiph} llin \m} gJJlin (d­

mandclon11rilc:-br1a-d•glucosidc·6·bc10-d-gluco5idc) hns bcl:n found ,n about I 000 \pteics of 

pion�. mcluding c.o=�a (tapioca. manioc), \\\CCI potato, c�,m. cabrogc:. linsc:cd, m1llc1, nnd 

bamboo. in pits of stone fruil'>. ,uch a� chtrrit\, pc.:1chc� and apncol5. and in npplc \t:ed\

(JECF,\ tQ93 <iharm;i, 19ClJ, Podmajo. 1995) It " alw prt\�nl in biner almond, and 

Amtricnn 1\hilc lirna bcJn\ (Hrmans ct al. 1972), ,\mong 1hcm, t.l\'-1\il (tapioca. manioc) and 

!>Ori;hum ore �IQplc food\ for hundreds of million\ of people in man) tropical counttit�s. ,\lier 

ing�t,on, linamorin c,111 be h) dn>l)...:d b) c:11hcr C�\o,·a hnomomsc or an cndogcnOU\ l>an­

glucositl.1,c 10 }1cld d-Qluco\c (fnil..c) cl al., 1986a). ll)drogcn C)anttk i, rcl=-<l into the 

utrno5phcrc from naturol blogcmc proccs= from hi11hcr pl,inh. 1,.1ctcrio. and fungi. In ai1. 

C)nmdc 15 prc'\Cnl a, i;o.scou\ h)Jmgcn C)'anidc:. with n small amount prc\cnl in line du\l 

panklc-. (\\'I 10. 200� ). 
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Fig. 2.1, Slruc1urt, (I[ c::, nnoi::cnic i;:lycositlc\ m major ctllhlc ritnni- (.11'.CII \, 1993) 
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2.J 'IOUltCf<.; 01- E:\POSLRF TO C\ \1'101 l'\TO:\JC \TIO\ 

'.'l:on-po1n1 -.ourccs or C)an1tlc r.:le.1..cd 10 \\Dier c:in =uh from runoll from C)Un11Jc­

con1aining :imi-c.iking salb U-..!d un roJd� migr.11ion from l:indlills. :ind agricuhural and 

;i1mo�phcric follou1 and \\,1.,huu1 (A I SOR 1997). Poin1 �uro:s of rcl�s 10 \\,lier include 

discharge, from gold mining pl3n1,. \\.t.,lc\\Jlc1 trcJtmcn1 , \orks. iron and ,1ccl produe1ion. 

and organic chcmiCJI mt1u,1ric,. C)anitlc� h.i,c the polcnli.il 10 be transponcd O\O:r long 

d1s1ancc,; from I heir rc�po:clivc: cm1,,ion -.ourc� ( \\110. 200-I). 

The m:ijoril> of human popula1ion is c,posed 10 ,er)' lo,, lc,ct, of C)Jnidc 1n 1hc general 

cn,ironmcnl. There ore. hO\\c,cr, spccilie subgroups wilh hi11hcr polcnual for c,posure 

These include mdindunls m, oh cd In lorge-�ct1le procc\\ini; of ea,\J, 11 ond those consuming 

�ignilicanl qu3n1i1ic, of improperly pn:pan:d foods conuinmi,: t)anogcnic gfycos1dcs.. such a, 

c:issavn. spc,:inll>' food\ such "' Jpricol pits, ond biller almond\. Other subgroups" ilh gn:a1e" 

po1cn1i,1I for e�po,uro: include those in the , icmll)' of accidcn111I or in1cndcd rch:ao;c, from 

poinl !>OUrcc,. ntll\ c and p:issive \mokc5. ond lire-rcla1ed ,mol.c mhala11on , iclim� \\'orl.cr.. 

ma} be ei-po�d 10 C) Midc, during fumign1ion opc:m1ion, and lhc produc1ion and use or 

C) anidcs in man) ind11,111al pl'Ol:c\\c\ - for C.\ollTIJllc, elcc11oplu1ing. cnsc-hJrdening of sicel,

ond e\lr:ieuon of gold nnd \ihcr from o� (\\ 110. 200,1). One c1gnre1te witho111 11 filler 

libcmte\ S00-111: h>droj!cn e}Jnidc. \\hile lil1cr dgnrcnc� lll>cm1c onl) 100 11g in mains\l'Cilm 

smoke ll)droscn c)on1de concen1ro1ions in main,1ream ond sidc\ln:.1m �moke ranging from 

280 10 SSO 11S1c1gJro:11c and fn1rn 53 10 111 µg1c1garc11t: rcspcc1i, cl}, ha, c �n reponcd: ,idc 

<lrtnm: mn111,1rcam r,1110, of h)drogcn cyanide conccnuution, mngo:d from 0.06 to 0.50 

(ATSDR. 1997). 

The lc,cl or h}droi;cn e)unidc lound in Cnnadian cigarcnc ,make under ln1cma1lonal 

OrgJ11i1.11ion for StnndnrJi1.iulon stam.brd �moking conJillon, \\Cr<: n, folio\\\ mnin�trcam 

smoke. 32 156 l•l!'ci�arcnc: and \Ide \lrcam woke 77-136 µj!lc1g11rc1tc (llc.1hh CnnJtb.

2002) Ille a, cm11c rJlt of c1111\\1on of h)drogcn C) anide by autc,mobllc c,hau,1 \\ ;1., rcp<incd 

10 be 7 -9 m� Kill for c.m not equipped \\ ith tallll>tic con\crtcl'I nnd on 1hc order of 0.6 

mi;,km for con \\llh cntal)lk con,cncl'I 01,cmling under oplimum conditions in the mid• to 

late lll70s (,\TSOR. f')q7). C)anogcn chloride i\ fom1cJ 11s n rc,1c11on proJuc1 of orgJntc 

precursor."''" h)pochlorous nc1J in the rrcscn.:c �f .,mmonia nod ma> be torn1cd Ma b)· 

rroduc1 ol 1he chloramin.11ion of ,, nlcr (e.g .. , 1a 1hc reaction ot hum1c \Ub.\tnoccs ",th 

chlorine nnJ chlornminc usw tor \\,11cr d1,inlcct1on) (Oh)a k. Konno l9R7, II'(,. �0001 In 
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the US,\ 3S%, of the surfoct "�tcr rl3nts nnd 23•;, of the ground\\Otc:r rlanl\ u, 1r 

chloram1nc as a primal) or \C:Cond,111 di,infccwt n:port C):utog.cn chloriJe 1,,m1a1ion (I'S 

I· I',\. 2002) C}anogen ,, gc:ncratcd in the combustion of nitrogen carbon compuund, and 

:ippt31"i in automobile exhau,1 ga-;e, anti g.»c, from blMl furnaces (CIIL�ll1'�0. 1998) 

2.3.1 F'i\'1R01'�IF.l\11\I. 1.FVT:1-S AND IIUl\l,\.'i CX.PO!'.IURE 

\ir 

C)annlc ,., found in ambient air M h)dros.cn C)anidc and 10 a smaller e\lcnl in rarticulalc 

mailer The conccntrollon of h)drogcn C):lnide m�surcd since ICll!I in the northern 

hemisphere's non-urbon troposphere !llllSed from 180 10 190 ng/m (Cicerone: & Leitner 

1983. Jnromillo ct nl., 1989), 1\mb1c n1 air monilonng dnt.i for cyanide, 1n l)ulgMio in areas 

ncor petrochcmic:il pllnt, ,ho\1ctl conccntrnlion, ranging from 0.2 10 0.8 µg m (onnu .11 

a,cmge \nlue) (Knlo)ano,u ct al. 1985). Cynnidc ha5 been detected 111 lc,eh of20-l6 mg1m' 

in the ,1ir near lari;c:-...:nk ca.ssa10 protCS)ing focihtics in Nigeria (O�Jfor &. !IIJdu.ig11u, 

2000). 

\\'ntcr 

C}JniJes. reported n, t)anidc. h)drogcn C)i111idc. sodiu111 C)on idc:, pot.1s�iu1t1 C)ilnidc,

cnldum t)nnidc, or copper (I) C)anidc, hn\'c bttn dc1cc1cd in ,urfocc w.itcr s.unpl� :it 70 of 

tl1c 15 ·1 h:w:irdou, \\a.\lc sites \\here the)· wen: Mudied in the US,\. Ilic)· have al'>O �e n

detected In ground\1.Ucr sample, 01 191 of the -I 19 \\:l!>lC �itc, �tudicd ond in le:icha1c s:implc, 

of 16 of the S2 ,he:, \ludicd (\\1110. 200-l) The median conccn1ra11011� in tht p<>-hi\c \illllplc:, 

\lcrc 160 11c/lluc lor i;round\\ntcr,70 µg•litcr for ,urfocc: \\.:Iler onJ -179 µgtlitcr for the 

lc.ic:h:itcs (I hvPJI 2003) 0Jto from the US National Urhan Runoff Program in I 'Ill) 

rc,e:ilcd 1lrn1 16 • of urban runoff simples collected from four clue, ,1cro,, the l 'i·\ 

contained cya nide!> al le,ct, ol 2 33 µgllitrc (ATSDR 1997). ·\ecordins to the l!S 

Lnvironmcnul t>101o:c1ion , \�enc)·, ([PA) STORL I dotoba,e, the mean t)on1dc 

conccntrJtion i n 1110�1 �urfocc \\Ole� in the USA i\ less 1ha n 3.S 11i,:Jlltn: Data from the late: 

1970, 10 earl} 1980, indicated that the lc\Cls Jn: higher onl) in limited area, and may c,cc:cd 

200 µll,1lltn: (\{<;DR 1997) In 197R. Dus er, SUr\C)' of dnnl.mi:·l\lllCr supplic ,ho,1C\I 

that about 7�• of the ,upplic h;ld t)nnidc conccntrotion< sn:ntcr lhJn 10 11i;,litrc (l 'i EP \, 

199)a). C)llnogcn chlor1dc 1, on of the Ill compounds that occur me»! frcqucnll) (!I ol 10 

cit) sor\C)S) in potahk ,,�tcr \'1lhin the frilll1cworl. ol 1hc llS Sa11n113I l)q;.1111c 

R«onnJh�ulCC Sur\c:) (Ocddmg ct 111, 19112) In� Mlr\C) in ICl87 '1f 01cr '� d11nk1ni:•1\,11cr 
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)Upplics, the quarter() median C) onogcn chloride com:cn1r.1uo� in drinking \\lier r.ini:cJ 

from 0.-15 lo 0.80 µg/lilrc (from O 19 10 OJ-I µg cynnidc.'liuc) (Kra.sncr el :ii. 1989 \ T\OR

l997). l\lon: cum:nl dJID regarding the c:)aniJc and t}anogen chlonde lc,ds 1n drinking \\Jlcr 

.,re lacking I c,cls of I )8 7.89 mg C)aniJc litre ho,c been round in nJ1ural \\alcr ,ourcc, 

near largc-,calc c�!>'>.1\11 prtlCC\'lng focilitics in '\igcria (01.alor ct al 200 I). 

Soil 

C)anidc has bc0n idcnlilicd in lhc soil of hwlrdou\ \\ a,1c �11c:, in the US.-\ the mcdi11n 

conccn1ra1ions for the posili\C she� \\Cl'C 0.8 msikg in the \Ubsurfa.:c ,oil (found 01 77 sites of 

the 124 s1ud1cd) .1nd 0.-1 m&,kg in the topsoil (5 I posill\C ,i1c, out or 91 ,itc\) (I l.uD:11. 2003). 

Cyru1idc.«>nlllining \,n,1c, .,re commonly found in :.oih di rom1er manufactured gas plont 

sites in the USA '-lo,t concentration\ of C}illlidc compounds 01 the manufactured gas plant 

si1es on: bdO\\ �000 01111kg. TI1c n,os1 prc,alcn1 type� of c) anidc compounds ore iron­

complexed fonn\.. c.i;. ferric fcrtot}nntde (Pru"5inn blue), m1hcr th3n the high!) IO\IC tn:c

cyanide fortns. lron-complc,cd C):tnidcs, domma1cd h} the fcrH>e)anidc: ion. compri\c O\cr 

97%, or 10101 c) nnidc, tn either \\ca1hcrcd or un•\\Clllhcrcd -.otl\ (Shifrin cl ol.. 1996). 

Foot! 

Man) edible plnnts conlnm C}Jnogenic gl)cosidc,. ,, ho,c conccntrotion, �n \.lf) \\ idcl) n, J

rcsuh ot gcnc1ic ond e11�1ronmcn1al factor... loc.-ilion • ..ca.\On, and \Oil ty� (Lm1:ms cl al.. 

19RO; J[Cf \. 1993). 'iomc of 1hc foodstuff, nod their c}Dnide contents :ire �o\,n in 1 able I.

Cassa\·D 1ubcrs \DI)' \\ldcl) in their C)Jnogcnic gl)C0�1dc contcm. ahhoui:h most \Orictic, 

cooioin 1.S-100 mg c:ynnicJc/kg fn:,h ,,eight <xw,ionJII) , a11c1ics of cMsaHI tubers con1oin 

1300-2000 mt,t C}illlidc1"11 fresh \\Cit;ht, and CDSS:t\:11 k3\'CS contain 1000 2000 mg 

cyonogcnic [!lucosidcslki• on n di) mnner bJs1s (Padmnjn. ICl95). rcnncn1a1ion of c11,..;i\a 

pulp tor Cl6 h durin11 garri p1oduc1lun reduced the h)droi;cn cyanide content b} 50�1.; �o:il.ini,: 

of \liccd ca.,,,.1vo for 24 h, 40° .; and sun di) mg. some Is�:. (1-cndirim ct al I Cl'IS). II ,hould 

be noted 1h01 the mngc ol t)Jnidc conccn1r.11ion, ,llo\\n in lahk I ur,: ,cl) br1'3J 111 ,c,cml 

ca<.c, (i c. ccn:.tl• and their produc,,, \0) protein produc1, nnJ opnco1 pits). \\hie� mJ) be 

due 10 their dllfcrcnt ,ourct, and difTcrcnccs in nnJl)ticnl proccJurc ., as \\ell. the \alucs mJ) 

rcncct lhc older litcmturc (\\'110, 200-1) 
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Table 2.1: C} ,1nidc Conccntr:ilion, in Food Products. 

r� pc of product 

Ccrcnl �rain� ond their produc1s 

So) protein prollucts 

SO) bcnn hu I I  s 

,\prico1 pit\. \\Cl \\Cighl 

I lomc-n1ndc chcrT) juice rrom pitted fruib 

I lomc-madc cherry JUicc conloming 100•. crushed pit> 

Commcrtlnl fruit ]ulcl'\ 

ChcrT) 

-\pricol 

Prune 

Tropical footls1uff� 
C=1 n (bitter) dried r0<11 ,one,

C:1ssa1·n (bitter) ka�c, 

Cassa\':t (hiller) whole tubers 
C:l!>',l\il (S\\CCI) \ca,c, 

C=v.i (�11ccl), "hole 1ubcrs 
Gm flour ("iltcriD) 
Sors),um 11 hole imma111n: pbnt 
13.unboo immn1urc ,hoot 1ip 

Lima bean, from Jo111 (tolon:d) 
I .,ma beans from rucrlo Rico (bfocl..) 
Lima bcJns from Durma (11hi1c) 

C) :111 idc
conccntrnlion
(ln 111,1.t!l.,1.t or mi:Jlilcr)

- --

0.001 0. 15 

0.07 0 3 

I. :!•I

!19 2170

5.1

:?3 

4.6 
2.2 

1.9 

2360 

300 

380 

-IS I 

44S 

10.6 21 I 

2400 
7700 
3000 

2900 

7,000 

lroml\Jrlc),(1980): llooigclal (l'll!l);JECh\,(1993) \T<iOR (1Cl'l7J 
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thc,;c plru,1s an: t}pic:ill) bighc\t in the �prin; during blooming. DI) growing conditions 

enhance the accumulation or t)anogenic gl)cosides in cenain pl:ints a, 11cll Js mcrc3sc the 

use of these: plants a� forage (IC�II. 2006). 

2. 2 SOCRCF.S OF llill>IA'I A'\'0 t:'IVlltOl\�IEi'\'TAL EXPOSURE

2.2.1 'l:1tural OcC'urrcncc 

I l)drogen cyanide ,, ub1quitou� in nature. 11 is found in th,: stmlo�phcrc 11nd non-urban 

uoposphcrc (U!>t P ·\. I 11'10). II is released into the atmo�phcre from b1omw burning. 

volcanoes. and n.ituml b11>g.:nic procc��s from higher plant�. bacteria. algae. and fungi 

(Fil.sci et al 1981 Cic.:rom: ,\. lcllncr. 1983: \Va) ct. of.. 198-1: ATSDR, 1997: Li et of.. 

2000). An c,tim�tc o1 1hc Jmount of c)anidc released 10 the cn11ronmen1 from noturnl 

biogtnic procc\'>C\ 1, not ,1\l11labk (1\ TSDR. 1997). Cyanide occurs naturoll) .is t).inogcmc 

gl)cosidcs ,n at lea.,, 2000 plants sec {JECf-1\. 1993) "110110 C):anogcnic gl}cosidcs in plants 

include QOl)j;dalin. linamarin. dhurrin, prum1Sin. lotau,tmlin �nd 1.i,iph} llin -\m)gdalin (d­

mandclonitrilc-bl'tt1-d-gluco,idc-6-bl'ln-<l-glucosidc) ha, bc:cn found in about 1000 species of 

plnnts, including "'''"1,1 (tspiocu manioc). \\\CCI potato. com. c.:ibboi;c. linseed. millci. and 

bamboo, in pil� ol ,1onc fruits. such as cherries, pcachc-.. nnd npricolS, nnd in npple seed\ 

(JECfA. 1993. Shomin. 1993, Pndm3jn, 1995). 11 is also pre\cnl in biller almonds and 

Amcncnn white limn ho::ln\ {Lrmans ct al , I 9TI), -\mong then,, c,hsJ\11 (lupioco. mmioc) nnd 

sor&hum arc ,1:iplc rood, for hundreds of million, of people in mnn)· tropical countries. After 

mgc,1ion. 1innn11irm con be h)drol)!>Cd b� either =�a1a linomom.,;c or on endogenous /lrtt,­

&lucosidasc 10 }!Cid d-gluco,c (l·r:il.c, Cl nl., 1986�) ll)drogcn cyimidc h rdc.1sc:-d into the 

atmosphere from natuml biog�nic pnxc:,..cs from higher pl�nlS. bactcrio. nnd rung,. In o,r, 

C)anidc h prc�nl ,I\ g.1-.cou� h)Jrogcn C}'Dnidc, "ilh a �moll amount present in line du�l 

p.ll'lielcs c,v110. 200 l) 
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Ohurrin (CAS Ho. 499-20.7) 

CHi()H 
H 

o--l r , OH
I 
CN 

Amygdalln (CAS llo. 29883-15�) 

CH20H 

OH 

H OH 

P1unasin (CAS llo. 99-IBJ) 

CH20H 

°7H-o 
�tl 

H H ,--{\,H-0 

tiO 
OH H 

H CN 

H H 

Unamarin (CAS Ho. 5StJ5.8) 

CH20H 
CH3 

H 
H --<:H3 

I �H H 
N 

HO I H 

OH 

Lotaustralln (CAS !lo. 53t.67./l) 

CH3 

,--� ,

,.....,. 

CN 

H OH 

Taxlphyllln (CAS Ho. 2U01-21.8) 

CH20H 

Fli:.1.1: Structur� or C)Rnoi:cnlc j:l)CO\hlc� In nmjur t:<tlihle 11l:1n1, (.TF.CFA. 1993) 

I \ 
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2.3 <iOCRCf<; Ofi E:\l'OSL,llL ro C\ \j\U)[. I\ (OXJCATION 

Non-poml sourcc:s of C)'lUltdc rclca.scd to \\Otcr c:in re!tuh from nmon· from t).mide­

containing anti-caking 'i.!hs used on roods. misr.u1on from landlilll.. and agncultural and 

a1mosphcric fallout and \\ashoul (AISDR. 1997) Poin1 soul'Cl!s ofrc:ku,c, 10 11111cr include 

di)chargc) front gold mmmg plants. 1 1nstcwo1cr 1re.itmcn1 \\Ori.!.. iron and ,1«1 production, 

and organic chemic.ii induslric,. C}ilntdcs h:ive 1hc po1cntiol to be tran,portcd 01cr long, 

distances from their �pccli1c emission sources(\\ HO, 200-l). 

The majoril) of humnn popula1ion 1, c,poscd to 1cl) 1011 lc1c:h of C)Onidc in the general 

enl'ironment. There ore, ho\\t�cr, ,pccilic subgroups II ilh lughcr po1cn1ial for e.,posurc: 

These include mdiv1d11,11, involved in laflle·scah: processmg of CMSJVO and tho� consuming 

signilicant qunnlitic, of mtpropcrl) prcpnrcd foods cont:11nmg C}Dnogcnic gl)cosides. such .15

�1.i, �pcc1ohy foods ,uch a\ .ipricot pil.S. ond biller almonds Other ,ubgroup, with grc.11�1 

polcntinl for c:-.posurc include 1hosc in 1he vic:inll)' of accidentul or in1cndcd n:lcascs from 

poinl sources. ocuvc Jnd pa,si10: ,mol.eri.. and lin:-rdolcd ,mokc inhalation 1ictims. \\'orkcrs 

may be c�po!>Cd 10 C),midc, during fumig,uion opcra1ions ilnd the produc1ion and use or 

<:)antdcs in mon) mdu,1rial procc� for c,11IT1plc. clcctropla1ing. c3...:-h3rdening of s1eel 

11nd c,trnclion of gold and �ill er from on:s (\VIIO, 1004). One clgarcllc II ilhout o lil1er 

libera1es S00·11S hydrogen c)anidc, 11hilc: filler cigarcuc, libcrutc only 100 µgin main5trcam 

smoke H)'drogcn <:>,1111dc conccn1ru1ion, in mainsln:lllTI ond s1dcs1rcom smoke ranging from 

280 10 550 µcJc1garc1tc and from 53 to 111 11g/cigan:nc. n:spcc1ivcl)'. hn\'e been rcponcd; �it.le 

stream: momstrcnm rJlios of h)·drogen C)'Dnide conccn1m11on, nmgcd from 0.06 to 0.50 

(ATSDR. 1997) 

The tc,cl of h)droi:cn c� 1nidc found m Cnn.1dian cig.ircnc ,mof..c under lntcm.:itionol 

Org:inizntion tor StJnJ11nll1utlt1n ,1a11d.irJ ,mokini: condi1tons were IIS follo11s momslrCOJ11 

smol.c, 32· I S6 11�1cigarc11c. and side stn:am smoke. 77 -I 36 µg/cigorcllc (lleallh C-nnad:i. 

2002). 1l1c a,crogc rule ol cmis,ion of h)drogen c)nnidc by au1omobilc c,haust 11o1s n:poncd 

to be 7 9 mC1!.m for cars nol c11uippcd wilh cau1l) lie conl'crtcr. and on 1hc order of 0.6 

mg/1.m for car, whh c.11.ll) IIC con, eners opcrnling under optimum condi1ion� in lhc mid- 10 

late 1970s (A lSDR IIJ''7), C'),lno�cn chloride i, formed a, D n:. lion produc1 of ..,rgan1c 

prccuoor. ,, ilh h) pochlurou, nctd m the prc�ncc of arnmoni.i and mo} be fonned .u II b, • • 

proJuct of 1hc chloran1ina11on of \\liter (e.g., v10 the n:acuon of humlc ,11b,1o1ncc� ,11th 

chlorine and chlornmmc 11\CJ for "''tcr disinfection) (Oh)o £;; t-nnnu l'l�7, ll'CS, .:?000) In 
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the USA. 35�:. of the �urfocc \\:lier pl:uus 11J1d 23% of the ground\\:Stcr plants usin1, 

chloraminc ilS a primar) or sccond:11) disinfcclllllt rcpon cyanogen chlonde formation (L'S 

EP '\, 2002) Cyilllogcn is generated in the tombus1ion of nitrogc�arbc.ln compound\ and 

IIPIX-'lfS in automobile c\h.:iust i:.ucs and gases from blast furnaces (CHEl\.111'\FO. 1998). 

2.3.l E�'\'IRON\lENl' \L Ll'\'L:LS ANO IIU1\IA.'\ EX'POSURF. 

Air 

Crnnidc is  found m ambienl oir os h)drogen C}llnide and to J ,malkr c,1cn1 m p;inicul.uc 

mailer. The concentrntion of h}drogtn cyanide m�urcd since 1981 in the northern 

hemisphere's non-urban tropo,phcrc rungc:d from 180 to 190 ng,'m3 (Cicerone & Zellner 

1983, Jommillo ct al� l'lK9) ·\mbicnt nir monitoring dnt.:i for cynnidcs in Bulg;iri:i in :ire:is

near pctrochcmicol plant\ ,ho\\cd concentrations ranging from 0.2 to 0.8 µg1m (annual 

overage v11luc) (Kalo)Dno,u ct at 1985). Cyanide h11s been detected :it le\ch of21l-l6 mg/m' 

m the air near lnrsc-�nle c:as\ava processing focllitk, in Nigcrio (Olwfor & l\foduog,\u, 

2000). 

\\·utcr 

C)Midcs. rcponcd n, C:)Jnad�. h)drogcn C)anidc. �iunl cyanide, pota,\Siurn C)anidc. 

calc-ium cyanide, or �oflpcr (I) C)nntdc, ha,c been detected in ,urfocc \ \Uttr s.imples :11 70 of 

the 154 11111.11.rJou, \\a,tc ,Ile) \\here 1.hcy \\Cl'C studied in the USA; thC) M\'e olso been 

detected 1n ground,,oter ,:unplcs 01 191 of the -I 19 \\.Ute sites �tudicd .ind in lcachnte \ample-. 

of 16 of the S2 ,11c, ,tudlcd (\VIIO, 200-l). TI1e median cllncentrnlion, in the posili\'c sompl� 

were 160 111>,'litrc for i:roun.!1,utcr,70 µg/litcr for $Urfocc wnter, Md 479 µ[!/liter for the 

lcachatC!> (llaz.0.iL �OUl). DJto hom the US National Urbnn Runoff Program in 1982 

re\ 'caled that 16',, ol' urhan runoff \ampl� collected from four cities ocross the US.-\ 

contained c)nnldc, ut level\ of 2 ·  33 µi;/litrc (ATSDR. 1997) According lo the US 

Environmcnt.:il Protc,;tion ,\gene) 's (LPA) SI ORL I dntab3.SC. the mtlln cyanide 

concentration in most \t1rfxc wutcr� in the l,S,\ is le.._, than 3 S 11�/litrc. Data from the late 

1970, 10 earl) l9RO, inJi,atcd that the tc,ch arc higher onh tn limited ore,» and m:iy exceed 

200 111J11itrc (,\TSDR 11)1)7) In 11>78, a LS ll',\ suf\e} of drinkinQ•\\1llcr ,upplic� sho11ed 

1h:it about 1,, of the upphcs haJ t),lntde con.:cntratian\ greater th;in 10 l•ll•litrc (L'S CPA, 

19933) Cynnngcn chloride i� one of the 18 compound., that occur most frequent!) (8 of 10 

cit) suf\c)'S) in po!Dblc \\atcr \\ 1th in the framc\\orlo. of the U� l\ation,1I Ofllanic 

Rcconn.ii, -3J1CC Suf\c) (Acddln11 ct nl l9R2) Inn ,uf\C) in 1'187 of O\cr 35 Jrinl..tnj1·\\11tcr 
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supplic,;, the 4u11nerl} ms-di:in C)'anoscn chloride conccn1r.11ions in drinl..ins \\:ltcr ranged 

from 0.-15 to 0.80 µg,litrc 1rro1n 0.19 to O 3-l 11& c}an1dc lill'C) (i,.rasncr ct al . 1989; ATSDR.

1997). t.-lore current d111a regarding the t}anidc and c}anogcn chlondc lc\cls 1n drinking ,,atc:r 

are l11cl..1ng. Le\els of I SR 7,119 rng cyan1dc1lit.rc ha,c been found in n:nur.il \\t'ltc:r suurce\ 

near largc-s�le C:l.,..a,·a procc:s\ing facilities in Nigenil (Okafor ct ol .• 200 I). 

Soil 

C)anide hos been idcntilicd in the soil of hll.lllrdous \\.Ute siti:s in the l,'SA. the: mcd1o.n 

concen1r.11ion� for the pcnill\C sites \\ere 0.11 m[:/kll, in the subsurfncc: )Oil (found 01 77 sites of 

1!10 124 studied) and 0.4 mgil..g in the top�oil (51 po�iti, c sites out of 91 sites) (I llllDat. 2003). 

Cyan1dc-con1nining \\a\tc,; an: commonl) found in wib 01 former monufocturcd sns pl3nt

sites in the USA :-.1os1 conc.:n1r.11ion, of t)anidc: compound!; 01 the: monufac1urcd g;is plont 

sites ore belO\\ 2000 111gll.g. The most prevalent types of cynnidc compounds arc rr-on­

complcxcd fonn� e.g .• ferric fcrroc)1lnidc (l'ru\Sion blue), r:nhcr than the: htghl} tosic free 

C)anidc forms. lron-complc,cd C)'an1des, dominated b) the fcrroc}an1dc ion, comprise: over 

97�·. of101al c)o.nidcs in either 1\cnthcrcd or un•\\e.:ithercd -.oils (Shifri n cl ol. 1996). 

Fontl 

\lany edible pfonts con1ain cynnosenic gl) co\iJes. \\ hose concentration� c.:in \ nr; 1, 1dc:I} os o 

r�suh of genetic ,ind .:nHronmc111al foctOf"',, IOC11t1on. ,eMon, and soil l}'f!CS (L,m1nns ct ol� 

19RO; Jl'CI·,\, 1993). S11mc of the foo1htu1T's nnd their cyanide contents arc ,hO\\n in Table I 

Ca)�,a tubers \'111') widcl) in their C).inogcnic gl)co,ide content, although most ,arictic:s 

eonuun I S-100 ms cyanidcll,g lrc\h \\dght Occu)1on.:il l) vonetics of c.iss.:ivo I Uber$ contnin 

1300--2000 1ng C:),in1dc;l..y rrc,h \,eii:h1. and cassava lca,es contain 1000 -2000 mg 

C).lnogcnic 1iluco,idcvkg on II di)· maucr b:1!,iS (l'admaJa. 1995) Fc:rmcntation of c.i,...-ivn 

pulp for 96 h dunng gnrri produc1ion rcJuccd tht h>drogcn c).inidc content b) so•.,; soakin[! 

of \lic:ctl cassava for 14 h, -10"•; and sun dl')ing. some 15�. (Kcndirun cl nl, 1995) It ,hould 

be notcJ that the ranl;e, or c)Jnidc eonccn1ra11on, ,ho11n i n  rnblc I nrc ,cl) bro.id in sc\eral 

=s (i.e .• cereals and lhc1r product�. soy protein products. and apricot pits). \\hich ma) be 

due to their dllTcrllnl � ur,;., and dilfcrcm;cs in an:il)tic.:il procedures: ;u 11cll, the value� ma) 

reflect the older literature(\\ 110, 200 I), 
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111blc 2.1: C\nnidc Coocc111r.11iun� In Food Products . 
• 

T) pc or product

Cereal grain!> nnd their products 

Soy prolcin producb 

Soybean hull� 

,\pncot pit�. \\ Cl I\ c1gh1 

Home-made cherry juice rrum p11tctl fruill> 
Homc-mnde cherry juice con1aming I 000� cru�hcd pib 

Commercial rruil juice, 

Chell') 
Apricot 
Prune 

Tro11ical roods1urr� 
C�so,·o (biller)/ dried root cortc, 
C11Ssav11 (b111er) tea, c,

Co\'i..l\'n (bincr) \\hole tubcr­
Cn�.._,,o (s,1c:c:l) ICil,·c\ 
ea,s.1,u (,wccl) "hole lube� 
Gan nour (Nigeria) 
Sqrghum whole imm,1111rc pl�n, 
Bnmboo 1mmn1urc shoo! tip 
Lima bc.'lll, from Jll\J (c,,loll!d) 
Lima bean� rrom Puerto Rico (blncl,) 
I ima bcnns rrom Dunno 1,,hi1c) 

C, unldc 
conccntrutioo 
(in 111gll.g or mg/Hier) 

0.00 I --O..l5 

0.07 0.3 

1.24 
89-2170 

5.1 
23 

-1.6

2.2
1.9

2360 

300 
380 
�SI 

44� 
10.6-22. I 
:?400 
7700 
3000 
2900 
2000 

I rom r.artc), ( ICJ80); 1 lonig cl ol., ( l'IK3); Jl'CI ,\, ( 19'13) /\ TSDR (1 1197). 
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I lumm 1!\posure 10 cyoniJc b) dictal') inul..c i� Clitima1cd 10 be po1cn1iall> o f  n1ajor 

s11:,'llificancc for cnssa\a-con,uming popul111ions c;asso\11 has been c'ilim31cd 10 be 1hc �lllph: 

food for 500 million pcopk (\\'110. 200-4). l1011c,c:r da111 on the conccn1r:111ons of c}anidc� in 

lhe 101.1I die1 arc lacking; hence. the Jail) C)anide 1nl3kc from food c:inno1 be cnlcula1cd. For 

human consumption, ca,,a\.1 can be c:itcn ra11 cooked. or {!roted and ro:is1cd in10 nour and 

e:uen os "garri," 11hich i, 1he common form in :-.igcrio (Kendirim el al 199S). In 

l\.101.ambiquc. ii w,I\ c:,1inm1cJ 1hJ1 in fnmilics affccu:d b) 1he manlllkassa" di�c.i.-.e (,�1i, 

paropan:,i�). the dnil> inhlkc of C)Onogcns ,,os 14 30 mg {as C)anidc:) at th\! time: of a 

1nontol..o.sso epidemic 111 t•>l!I (l\.linis1ry of llcallh, llto,.ambiquc:, 198-1). In :-:igcr1n. II was 

ci,1imatcd tht11 the mtttkc or h)Jrogen cyanide in 1he tropical a1nxia-.:ndcm1c arc:u ma) be as 

high ns 50 mi;/dD) (Osun1ol..un, 1981 ). 

ll)drogen C}anidc can be produced by h}drol)lic rc:iction ait:il)·scd b) one or 1110n: cl\l)mcs 

from lhc planb conl.iininz cyono�nic gl)t:Osidc�. In J..emcls.. for e�omplc. lhis mic1ion is 

collll)scd by the cnL.)ITIC cmuls1n (L:lsch & fl Shuwu 1981) ,1hcn the seeds ore crushed and 

mo1s1cncd. ;\m)gdalin (11hich i� ,tlso prc<,ent in cu.'>'i.lVD. biller nlmonds. anJ pe:ich Sloncs} is 

con�cned 10 gluco,c, bcn1)1ldchydc:, nnd h)drogen c)anidc (Figure 2.1) (IPCS, 1992), 

ll)·droi;cn C)nn1dc rclc;i.sc can occur during maccro1ion or rood> containing cynnidc. 11hich 

ac111 ates inuacellulor hrt1J·l,!h1cu,id�c-. Thi, rc.lCtion c.in .ilso n:suh from cl1c11 ing. \\ hich 

cnu-.c, the c:nt) 1nc and 1hc t) �nogenic gl)c:osidc, stored in diOerenl companmcn1, 10 combine 

(crman, ct al.. 1980. Noh�1cdl, 19Q3). lhe rcac1ion occur.. ropidl) in nn nlkolinc: 

environment. nnd 1hc h>druly ,,, " c11mplc1c: in 10 min I l)drol)'sis is possible in an ncid 

sohnion and 1akc:, 1110cc ,!owl) Libcmtion of hydrogen cyanide from cynnogcnic gl)-CO\ides 

occur5 usllllll) ofter inl!Qllon and h)drolySi\ b) 1hc gl)to,id,,,c, or the intc:M1MI m1cronon:1 

and, 10 a lesser degree, h) gluco,nfa\l!� or the li�cr and other tis.sue, (l'odmaja, 1996) 

IIO\\c:,tr hydnll) '" 111o1) Jlso occur Jurin£ tho prcp;1rotion of 1hc food, \1 hich mo} account 

rur 1hc ,hon intcr,ar bct,,ccn in1,oi:stion and 1hc nppc.irJm:c of �111-11, of poi�ning m omc 

occ1dcnts (Lasch & l:J Sha,,n. IQR I). 

h ha.s also be ·n shtl11 n m human\ that a subslllnt1al pan ol the lngc�1cd linamann 1s 11b-.otbcd 

and cxcrctcJ 1ntucl in 1hc urine (Urimcr .1nd Ro,lin� I 1193) 11' tosic role remain, ,pccuhui,c 

but one 1s ccru11n that 1hc cyanide hbcro1cJ from lin.1m3rin i• 1hc rnmal')' cllll\C of 10:1.1c11) in 
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I· iiture 2.2: II) tlrol) \is or nlll)l!dolin 
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�,a \\ h,:n lin:imann come\ into contncl \\1th its h,drohtk cn,,1111:. hnamar:is.::. the . . . 

molecule 1s ,plit into gluco� and 115 ai;l�cone, acetone C)1!nohydrin. The !�lier cnn b.: funhcr 

degraded b) another en� mc or �pont:in�-ousl) under ,1U.:llhnc conJ11i11n\ 10 lonn h) Jrogcn 

C)an1de and gluc:O\C (I ig 1.2), I hu. ii the re\idUJI linan,nnn and its hrcldCl\\n produ.:t, 1111: 

not remo,cd during lood pro-:c,�1ng the:) m!l) be rctamc:J in thc lix:ichtun· It ,, belie, cJ that 

,n human, linnmonn cJn be broken Jo"n b) hr Jrnar."c li1u11d 1n the bJ.:tc:na that 0:\1dc m 

th� int.:,tin.il tn1ck rc,uhini; in rdc.i,c of h)Jrogcn C:}a111dc l·onunatd). humans CJII rcad,I) 

ncutr.ili,c about 10 rn� of cyanide b) a rc,cr,iblc reaction \\llh mcthcmoglob,n lrJction m the 

r,:d hloo<l cell, (I unJ4u,,1 c t  al 1985). RhoJ.incsc can lunhcr con,cn ma1orit) ol the C)aniJc 

to 11:�� 10,k thloc)anotc. \\hich is then c,cn:tcd in the unnc 

I he principal li:a111rc, ol the 10.\ldt) prolilc fi1r C),1n1Jc nrc ,1, high .isutc '"""'> h) .:ill route<> 

of admtnl\tr.111on, \I Ith ,1 ,cl'} ,tc,:p anJ rutc-Jepcndcnt dose cffcc1 cur. c, and chmn1c 

10,icit) prob.lb!) mcJiutcd through the main metabolite 1111d dc10\llico11on product. 

tl11oc)anatc. 1 he to\lc cllccl\ ol c)·onidc ,on m humnns and onimat, arc 11cncrally similar and 

nrc bclie\cd 10 n:suh Imm inacth ntion of C:) tochrumc o,ida.sc .-ind mhibi!lon llf .:cllulnr 

rc,pimti11n anll con-.ci1ue1u h1s1010,ic ano\1.1 n,c primal) target\ ol C}nntdc 10,icit) m 

hunrnn� and .i111111uh Jrc the 1:..1rJio,a�cular. ,c,piratol). anll central ncr.ous �)�terns I he 

endocrine \} ,tern ,., al o potcnu�I lllrgct for 1ong•tcrm 10,icit}. a, a rnn-iiun nl �ontinucJ

c,f""urc 10 thioc}.an:uc \\hich prc,cnh the upt3�c ur iodine in the th)rtlld anti .icls u., 1.1 

go,tro�cnic ngc:ni 

In human.._ \\hcrco, slish1 cllccl\ ,-..:cur al c,po,ur.: h:,c1' or io-10 mg/111 50 c,o mi;/m1 .:1111 

be toh:mtcd I\ illunu 1111111cdiatc or lute cOcch tor 20 min to I h, 120 150 mi_! m 1 mu) lc:id 10

death aficr 0.5 I h I 50 m!_!lm1 is like I} to be fowl wi1hin 10 111in, 200 n1g/n11 is h�cl) tat.ii 

aflcr 10 min, and 10ll mglm ,� 1mmctl1atcl) fotal Tiu: lu\\c,1 reported llrul lethal Jo,c 1,,r 

human, is 0.5-1-mg,l.g·hod) ,,c1gh1, and the J\cragc .ibsorbcd do ,c ul the lime ol dcalh hus 

lxcn C\ti111.11cd ot 1.,t,mg1�g bod) \\Cil,lht (calcul;ncJ , h)droi;cn s)anidc) ,cquclac 11flc1 

\C�crc acute in1oxica11ons nm) indudc: ncurop,)dli,llrk muml"i:,tJt111n, 1111d l',1rkm-.in-t}P,: 

Ji�,I." C)11mJc lr,,111 1ob.lcco ,mol,.c hl, been impliculcJ o, a contributms IJctor m t1th�sco 

alcohol amhl)op,.1 l.ong.-1crm .:,pu,urc 10 ln,,er conccntnulon, ol C).101Jc m occup;iu<•n�l 

\Clllngs can rc,uh m ., \Drict} of ,)1111110111� rcl,,tcd 111 ccntrJI ncr. ,lu, ") '-lcm cOcth 

l.<ing-tcnn cc111,u111p11on ol ca,�,a contoimni; high le, ch of C) .,nol!cn,c (!l)�O\,J�, h.1s �

a,wc1Jtcu "lth trop,cnl 111,1,k ncurop:llh), ip3\l1C p.1r,1p,11, ... I\, .in,I, 111 .irca, "''" 111,, 11,.hn.: 
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1n111i..c, Jc, clopment ol h) polh} roidi\m, i;ourc. nod crettnism ( \\ I IC). :?004 J \\ hik c,posun: 

10 C} :iniJc h:is been cruJi!ly es1ima11:d 10 b.: I.S 50 mg da} in cnJcm,c area, in ,omc ,uch 

case.., O\\ mg to the lin11ta11on, ol Jato on e\p0\Ure and po1c:n11al imp.tel of ,onlounJcr. ,uch 

a, malnu1ri11on. 1011 pro1c1n con1cn1 of the JicL ,·i1:im1n dclidc11.:1c,., anJ 1oJmc �talus.. 1hc 

a,·oiloble J:110 do no, pro, ulc mc.iningful infonnation on do,c rc,pon...: ror cy11n1dc ( \\ 110. 

200-1) Data on end-point, other than acute 10,kil} urc 1,0111c11 hat limited l his ,, atlnbutahh: 

in large pan 10 Jiflicuhic:, in cond1,1ctin1, for c:,amplc. "n' c,tigations ol rcpc:JtcJ-do...: or 

chrtln1c to,idt, Juc tu the 1111,;h a,utc to,idl) of the co111pounJ C}an1dcs arc ,,c:ild) irri1a11ng 

to the �i..m and C} c: dni.1 on ,cn\1li11n� propcnk . or c.irt:mogcnicit} ol h} drogcn C) an1dc or it, 

ull.ali -.ill!> hn1c not b.:.:n 1dcn111icd ,\!though ,omc1,hat limited. 1hc 11c1ght ol c, i,fon.:c of 

.t\'oilnblc duto u1dic:11c, 1h01 c)'anide i� nol gcnoto'l.lc .1mJ that it inducc, dc 1 dopmcnlill d1c.:i­

onl) at do\cs or conccntr.nion, that nn: O\enl} to\lc tu the mothtr- (\\ 110, �00-1). \,-a11Jblc 

1fata in hum3n poplll,llion, arc con,idcrcJ inJJcqualc � a basis lor char.1ctcr11a1ion ot do�c 

rc,pon-..: for chn1111c 111gc,1i1111 or c}an1dc, 

In o 13-\,cck rcpc:ucd-do,� 10,ltil) ,tuJ} In 11hich C)mnJc: ""' :1drnini,1crcJ in Jrinl.111g-

11a1cr there \\en: no clinical ,ii;n, a.,..ociatctl "11h central ncn ou, ,y,rcm cffi:c:ts or 

hl\tup;i1hulog1cal cfli:,h m the brain or lh)ro1J ut rot\ or mice c,po�cd to ,Jo,c, up 10 12.5 mg 

and ic, ms t)an1dcJkg boJ) ,, eight per da} rcspcctivcl} \ 1  12 5 mg C)nnideil.� bod) 11eigh1 

per JJ} there \1cn: ,118111 ch.mgc, iri the rcprodu,ti\c 1rac1 111 m:dc r.it, 1\h"h, ahhnui;h lhc} 

app.1n:ntl> 11uuld not affect fcnllit) in ruts. DI\! po,,ibl> �•v.nifiront 10 human, I he no­

ob,cncd-a,h cr.,c-cllcct lc,cl ("\0.\1:l.) for rhco;c cllccl\ 11;1, -l 5-mi;ll.g b,xl) 11c1gl11 per clJ)

( \\'I It>, ioo I) l he C'\llmmat,un or 111:uro10,ic1I) 111 rhi- ,rud� ""' li1111h:J tu clillicdl 

ubsc:na11un ,md upllcal 1111cro,cop) in autop,} TI1c fol\ n,ailJblc ,1ud,cs spec licall) m1cnJcJ 

10 m,c,llj!Dlc ncuroto,icil), whik rcpon,n1,1 a,henc effect� ,It c,po,ure tc,cl. of I.� m11 

C}Dmdc kg bod, 11ci11h1 per J,t} in mr, and 0.48 mi: t}aniJc l.g bod> 11c:1�ht per Ja) ,n gnJh, 

,uffcr from \\cJl.n� -.c, that preclude their quJnlit11111c .:1'>���mcnt I\\ I IU, 2001 ). 

In rclntlon to ch:ir.ittcri1.11lon of cunccntrJllon n:,11<111,c fur rcpatcd-d1•,;c 10,idt1 for • 

1nhJl:1tmn (n;lc:\'UIII prindp.111) lo the occupalionJI en, ironmcnt). fn 1hrcc ��p.1ra1c ,tudlc\ t'l 

nil'- 1hcrc \\en: no ad1cl'5C s,,rcnuc dft .. 1 in MIi\ c,p<>-.:J to acetone ,),1noh}1hln 11h1ch 1, 

nip1dl} h)·dn,I} cJ to h>-droi;cri c}m!ldc 01 ph),it1log1cal pll, 01 co111:cn1m1tvn, ur 10 211 

mi,:im' (.111r�,p �dmi: 10 u conccnlr,uion of 1,7 ms h)drofcn C),1"tdc m11 (\\ till �0().1) the 
M�pnc\1 ut the d01e cncct cunc: i� ill11 11rn1,-d II) the nt,tcn1111011 ,,t ,u•. 111,,nnlll) 01111111 •
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r;il\ c,po�cd p.111 of the dJ) 10 :?25 mg :icclonc: c>.inoh)drin/m1 (71 n1g h)Jrogcn C)antdc m
1

). 

\d\Cnt cllccts of c,posurc 10 the lo\\ conccnu:iuons ol C)Jnidc 1h.1111rc scncr-JII} pn:,-i:111 in 

1h1.: scncml cn,ironmcnl l<I µg,m) in ambient air 10 µg,lilrc: in \\atc:r) '1R' until.cl) \cute 

C)t1nidc into,ic;ition\ ma} :iri\c lrom C:illini;: :ipricol l;emc:1, chnl.«hcnic, unJ 1•1hc:r ,1011<: 

lruil l.cmels \\ 11h high conccnlmlion!> or c) anogcn1.: i;I} co,1dc, Jr13Jct1u.1td) prcp:in.:J 

cass:ivn, \\ hen cons111u1ing 1hc moJor p:an o( the dic1, ma) b,: ha,ardou, I\\ 11( ), :?00-1 I, 

C)anidc cau�o an incrca,� an blood glu,o\t und lactic .1ciJ lc,c:h and a Jccn:'.isc 1n the 

,\ IPl\l)P rntio indic,11in�· a ,hifl from Jcrohic 10 an.icroblc mctat>olisn1, C)anidc :K1t,atc, 

gl}cogc:no1),i\ .md ,hunh gluco,c to the p,:nlo>,e pho,phalc p.11hw,1) dccrc,1�mg the rate ol 

gl)col)'" and 1nhibhi1w the Lrtcnroo,� lit Jcad C)clc C)'unadc con tnhibi1 !.C\Crill other 

mctallocn,)mc, mo ,t ol \\h1c:h conuun iron. copp.:r or moh bdcnum (<·.i; all;nhnc 

phosphota�) a, \\cl J\ cnt)mCS cont.1m111g Schaff b,1,c in1cm1cdiatc, (c.i;, 2-�cll>-i· 

h}JrO\.)gh11arJ11: aldol.1w) ll}drogcn C)'.!mdc will n:duce the ,:ncrl') J\Jilnbilll) in oll cell, 

h111 i1, cffce1, "ill be mo,1 1m111cJ1utc on lhc n:,plnllol) ") �tern ond hcnn. 

l'rcvious stud,c> I\ 1th lnbomtol) nn1ma1\ have demonstrated 1hn1 C'.\fl<l\Ure 10 aculd) 10,ic 

dn,c, or C)anidc can c.iu,c ncf\C damage and dl,1111tiJncc, of th}ro,d func1i1111 (I crrJro. 19Jl, 

llur-t, 19�0: lbr.ihim ct.al 1 963. Lc:,.�11. 1971) In tho,e animal \tUdic, ho\\C\cr, the lc,cl, 

ol C) Jnidt noccs� 10 produce lc-,1011.\ were near or "11h1n lhc lc1h:1I range I he cfT�ts of 

�ub.:hronic admini�tl':ltion or t),1n1de are I= clcJr, In ,1 2·)CJr f,-ed ,tud) m \\l11d1 rn1, \\en;

,11Jn11nl,1cn:J kcd conluanini; h) dro11.:n c)t1nidc al conccn1rauo11\ up to JOOpp111, thcrc "ere no

incrc=, in rnon.ilil}. dccn:,sc, ifl bod> \\cigh1 gain. hem ,tologic ch:mgc�. or sroi� or 

hiMo1og1, lc11on, in an) tis,uc ol an) c:-.po,un: yr1111p (llo\\ard mJ I l,10,.11. l 'lSSl In m1' 

:iJmini\lcr .. -J focd �ontaining I 500 ppm ro�,lum c: ,m1dc fur 11 5munlh, (l'lulhrtcl. 

cl al. 1979) ub,cncd dccrc= m bod) \\cighl !,!Gin. dccn:a,c in lh) road funcuon 1hal "crc 

not accompanied h} dlo;ccmible hl�tolog1.: k,lnn, Jnd mudc,t m) din dcgcncmuon in ,pm,11 

cu1d \\hilc m.incr l'halbrid, nnd co-\\orl.cn al, 1 li>und evidence of decrca!..:J th) roid liln,lmn 

and vncuolalion of ncn·ou� tissue an rat\ led D diet containing 2, 500ppm pou"1um 

thioc)�nJh: 101 I l,Smon1h, lhi, conccnlmtion c.111,cd no cl1.1n1Jc in hod) \\Cai;ht u,1111 Ilic 

,1uJ1c, h) (l'llilhrtcl. cl al 197')) included onl)· one do\<: lc,cl or c.ich .:oml)<lunJ .inJ no J.alJ 

,crif} ang compound lc,cl\ m the le,-.! "'re presented; thcrcrorc. the ,1gnili.:.incc ol 1hc r,-..ulL, 

1, Jillicuh 10 .l\\CS\ �c1 cnhck,, the 1i1cr.11u1c data Jo 1m.lk.11c th31 rtrc,11.:J c,p<hurc to 

dO\CS or c),mhJc that Jrc 111nrg1n�II) to\lc ls cop.ihlc ol proJudns 1h)ru1J pland onJ ncr,ou, 

S)'\lcm chJni,:c, 1n r.xkn" 
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Ilic ncurologic and th)roid gland h:sion, attnbutcd to subchronic poisoning b) c>anllk nnd 

�).inogcn1c compounds 1n hum1111, (ll.1rd) cl. a l  .. 1950; \\ 1lson. l9bS. C),untoJ..un. 11)/,!i, 

O,untoJ..un ct. al. 1970: 1.:1 Gha,,abi ct :ii .. 1975. IO\\tll ct al .. 1978) an: ,imil.ir 10 tho�· 

dc\cribed in c,pcrimcntJI animals rccci, ing rcpe.-itcd high do,c, ol t) un1dc (I cmiri.l. I 113 J. 

llurst. 19.io: Ibrahim ct. al.. 1961 Le�II. 1971) 110,,c1cr. 1,:,, quJrtiuuhc C\Jl(i,urc dutJ 

:ire a,a,labk in the� ca,c, of human poisoning. In ,tudic, 11h.:rc di,tur'1Jncc, of thJroid 

function or goiln: \\Cn: ,ccn m hum.ms. c::-.po.,urc to C}anidc 111pour, ,1,1, dci.cribcJ as

'Trc<\Ucnl" nr ",1h1tlhl cun,wnt,' aml thc th)ro1d 11land cOc<;b "en: accomrJ• 1cd b) s1sn, ol 

acme c)a111dc flll"oning includinr 111:.iduchc. di1Linc�, • .inc.I d1fficult) 1n brcatluns \lo ,1uJ1c, 

dc,cribinii lh)ro1d i;IJnd cllccb in humal\5 c,po1ed to lo,, non acute 10,,c lc,d� ol C)Jnidc 

,,ere lound ,n the litcrotun: \ 1sual and other neurological dhturbancc, anributcd tn ,},tnid� 

!;Cncmll) occur in indi1·idu�ls c,po�cd to rclati,cl> high lc1ch of C}lmidc ,,r C)anogcn1c 

compound, (I g 1ropk.1I ncurop.llhic, in per-on, con\mnini; cJ,-.J\il .1, .1 ,ii;nilic.inl 

r,:rcc:nlllgc of the dicl h>hJ<;eO umbl)OfliD in person� ,,hu !>moJ..c) or md111dual, \\Ith inbom 

dclicicncic� in C),1n1dc dclo'l.ilic.ition 1,· . .11 op1itnl ncuropDth} in person, 11 i1h Leber', 

hcrcdilal) op1ic auoph)), I hus "hile then: I\ ,1roni; c1·idcncc ror ncuro 10\1, ,inti lh) rohl\io: 

cOi:c1, of c) ani1k m h11111;111,. thc\C clT,'1:t, mJ} rcrrc,c:nt high..lfo,c phenomena. nnd 1hc: r"'­

lrom 1011 -lc,cl chr,1111, c,po,urc, may be: le,, \11cma1i1cl) although human, arc gcncrall) 

.:on ,1dcrcd to be le,, \Cn,11i1c th.in rodcn� 10 1hc acu1e ctTects ol C}amdc i1110,ic.-ition 

(\lc'll,1mnm. 1976), It 1, po1,1hlc 1h:i1 humnn, m,I) he.'. 111,,r,: �n,iti1c 10 the ncuruh,I!•• ,md 

1h1111 J ,:land c1Tcc1, . • 

It 11 not c,11) to determine 11h,11 1hc lctlrnl JO!>C, of C}Jnidc 111 man i�. 1111: lclhJI JO"-' fur an 

�dull dcpcnd, on bod) 11clgh1 and nu1n11onal ,tJtus. llmn.in .::)anidc poisoning h a,,oc1atcJ 

"ilh u n1onalit) ra1c ol 95�. tlluro,11u cl al.. 1992) I al.en or.ill) th.: fatnl do.c of IIC, to 

nJult is c,um,uc:d 111 S0-1110 1ng. Jnd fur p!lli1"ium C).intdc (KC ,i, about I ,o '�O 111

(llbll.inl}n,:, 11)7-1). ll011c1cr 1ie1im, mgt ,ling a, much a� Jg ol Kt, ha,c been "11cJ 1111h 

1mmcJ1a1c thcrap) ( \ anl lc1j,1, 1987) lnh31a1mn of 11('' at ,, ,01"c:ntrn11on or 270 rrm 

(apprn,1mntcl) 0.3 mi; II( '1 pcr litn:) "ill bl: h11111cdintcl} fo1,i1. \'icum, ha, mi; 11 hlboJ 

C)�llldc lc,cl uf 2.5-3.0 µl!'ntl frequent!) succumb 10 rc\plralol) cc�-.ahon within 20-JU nun 

of c,po,urc or ma) ,ur\ i1e c1 en up 10 J hr (OnllJnl}n.:, I q7.I) 1111: 11wrh1Jt1) or mon.ilil) 

J,:pcnJ, upon 1hc 11101Jl1it11dc of poi-onini;. 11hich 1nncs \\hh the do<K nnd fonn ol C)itntUC anJ 

the route of pu1son1ni: (VonllctJSI cl nl . 19�7). II the h)drogcn C)an,dc I\ "-l'lllr"hcr.: 

hct11cc:n 10 nn1l 210mg 11ml ii c,,c:cJ, the 1111111 11n 111Jl\,idual I\ nhll.' to ddll\ll� h•krJI.:, Jcath 
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111:i) occur due to t)anidc poisoning depending upon the m:ign,tudc of c,p<i-urc, umc and 

m1cns1t), Vanous non·spcc1lic sign, and �)mploms hl.c hcad.1cho:". di,11nc,� n.iu�c.1. 

,om1lmg confusion, coma and mcon1inc:nce of faeces and urine occur (Oall.tnt)TIC, 1974 J. 

l'h)stologu:alh a scric, of c,cnb liJ..c d)spnoca. 1m:oonhn 1110n ol n10,c1nc11L ,anl1:i, 

11rc:gul3ritic:,.. con, uhl\ c ,c11urcs, ,om11 :ind rcsplr:11011 failure ,nu) occur leading lo dculh 

(llMli.in ct al. 1992) l'atholo�1coll) no particular h:,ion, c.tn dc:lincali: t)anidc 10,ic1t). ;ilt,,:11 

:immal c,pcnmcnt, 1nd1c11tc 1ha1 the lesion� ,tn: prindpall} in the ccntrul ncn ous ,) ,1cm. 

predominant I) nccrthl\ in the "hilc maucr (\\ii} I 98-1) Prob:ibl} 1hc mos! 111Jc,prc.id 

11a1holog1c cond11iun 1111ribu1cd to chronic t}ilntdc poisoning 1s tropic a1a,ic ncuropalh) 

tolto11 ing c.1,,a, a c11n�urnp11on (Osun10J..un I 1l!!UJ, �m.illcr. non-fotal :iml1unh of �) an1d..: 

cau�c acule 11110,icouon \\ith S)mplom, ol rapid n:,p,rotton drop 1n bl0<.l<l prc,,un:, rupid 

pulse. diuincss. headache, ,tom3ch pains. ,omitin!! and d1anhoc:.i. 

2.-1 co.,1r,\ll,\Tl\'f• KINETICS \ND \11.'l ,\UOl.1'-''' 01-· c, A '\11)1 I'\ 
L,\LIOlt\lOlt\ \'\'l�IAI.S \�I) 1111\1 \Ni, 

2.-1.1 \b,orplion 

I l)drogcn cynnidc and other t) anide \tilt, " rcodll) ab-orbed fol1011 in,• inhul.111on. oral. and 

dcmtnl (\p<),un:. l'ul1011ing c,po,urc to C)llnidc in the 111mosphcrc. lo.,ic amoun1· al C)llntdc 

urc ah-orbed "Ith great rupuht> through the bronchial mucosa Jnd ah coli ( \ I <\DR 1997) 

l lum3n\ n:unncd 58¾ or 1hc h) droi;cn cy,1111dc in lhc luni;, nficr 111lwlint the gas through 

nonnal br.::llhing (I ond,1hl nnJ I krnnann. 1950, \ I SOR. l'1117). \11..ili mewl �}anidcs arc 

mp11.lh al>..orbcd lrom the g1151rointc�11nal 1rac1 I he prc-.cncc ol toot.I in the l!lll. the pl I of 1hc 

gut, ond the lip11l solubillt) of 1hc C)Dnidc comruund ,11Tc,1 Jb,ornuon G,1"111in1c,11113I 

absorpuon ol inorl!nnic t)'antlh: -,ult, i� sl1111cr than pulmonal') obsorplion .• ind 1ht on\CI ol 

,)mptom, I\ delayed and the -c1cnt) of ,)mplom, diminished comp.1rcd 1111h tnhalation

( \\ I 10 20U·I) \\ hen ,implc C) anidc -.111, ,uch .,, JIOlll�,mm and "id tum C) ,1111dc arc mgc,tcd. 

Ire( t) anitle 10n c.111 mpiJI> hind h)dtoi;cn ion Ill fom1 h}drogcn t)anidc 1n lhc lui;hl) ac1d1c 

111cJ1u111 ol the ,toma,h E,!.<:nu:ill) .nit C)amJc 1ngc\tcJ as C}nntdc ... ,11, \\ill lonn h)Jrui;cn 

c)amdc anJ 11ill he quiet.I) nh-.orhc:J. llo\1c1cr, allcr orul mt.11-i: onl> r,in ol lhc do\e rca,hc, 

the bln,,111 Jue 10 lir,t·fW' mc111boh,m b) the h1cr ti C:I 10( ?0011 t)antdc, .in: \\�II 

nblorbcd via the 1111\trointcs1in11I tract Of ,ktn and 111p1uly ;1b,nrh :J via 1hc rc,p1m1011 1n1c1 

Once ubwrbcd. t)11n1dc 1, rJpiJI) Jnd ubiqu11ou,I) Ji,111hu1cd 1hn,ughoul the hod), nhl>ough 

the h1ghc,1 tc,cl\ nrc I) picall) found m lite h�cr, lung� blood • .ind bruin I here ,, no 

occumula11on ,1f C) 11n1Jc 111 1hc hlood or 11,111c, foll,11, Ing chronic 111 n-rc;1tt'\I ,\("t\U«-
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I 14u1d C)11nid1: co1npound\ .ire c.:1sil) ub orbed 1hrough in1ac1 ,I.in uix•n Jircct ron1ac1 due 10 

their lipid �ulubilit} and rapid epidcm1ol pcnctrolion �kin nb\Orp11on o.>f\11pour. ofh)Jroi;cn 

C)anidc i, aho po,,iblc ,,hen 1hc ;ur concentration, art high(\\ 110, :!00-I) Thc amount and 

ro11c or ab,orplion or C)11n1dc.o lrom nqucou. soluuons or a1mo,phcnc h)dmgcn C-)anidc 

depend upon the presence ol moi\lUn:: 1n the \l.tn, con,cntralilnt .ind rll uf th•· <,0!1111011, the 

surface area ol con1.:1c1 and 1he durallon of son1JC1 (Du .,rJ. 19S7) /11 111111 ,1uJ1c, "1th 

human si,;in h.1, c ,ho\\ n 1ha1 pc:nclrnti11n of ,odhun 1.:) 1111uc 1n llqucou, �olutt, n through ,1-:m 

uccn.-a�, w11h in,n:,l\inf pl I (incrQ,ing di,'{,c1u1ton). reOccltn!! the more ruprJ Jb\orpuon of 

1111: un-di,,-o,;httcd h)drogcn ..:)aniJt: 111c p,:rmc.,bih1) con\lllnl mca,ureJ for the c1Jmdc 100 

in 114ucou, ,oluti,,n \\J, 3 'i ,.. IU"' cm1h. and 1ha1 calculated (or h)Jro'1cn c,.midc \\a, I 10
1 cm·h IDul!arJ. 191171 • 

2.-1.2 1Jis1rihu1lon 

ll)tlrogcn C)Jnitlt ha, a pK, of 9.22. lhus, 01 ph)siological pll (about pll 7 -1). h)dnlC.)t1nrc 

oc1tl ,, tlio;1ribu1ctl rn 1hc bod) a.s h)drogcn c}unitlc and "001 pn:\,:nl a, lite Ire,: l!),tnllk ion 

l lcncc. the lorm of c)anidc 10 \\hkh c,po,urc 1�,ur.. the ..ah or the free .ic,d. docs no1

,nllucncc d1,1rihulinn rncrnlioli,m or c.,crelion lrmn 1hc bod) (L.CI I Ol. :!U0-1) Inhaled or

p.:r..:utuncou,I) .ib�rbc:J h)Jrogcn cyilllide pa,\c, im111cdi,1tcl> mto the ') lcmi, cin:.ulJti1111

Tltc tl1•,1ribu1ion ol C)Dnitle 10 the ,orious ll\ .Mre, is mpitl anti fiurl} unifonn Smnc\\h3t higher

lc\cls Jrc gcncrall) found rn the 11\cr. lung�. blood. und br.1111 1 he 1ts�uc lc\ch ol h)Jrogcn 

c),mitlc "en: CJ.75. 0 .-l2. OAI O 33, ontl O.J:?-mg/lUO I! of 11�,uc tn 111111, hc.1n hlood. l.illnc}, 

;inti bruin r,:•,pccll\CI} 1n a man \\ho died foll01\ing 1nhal,11i1111 C\f'O\Un: lo l>)droi:cn C)Dnidc 

gil\ (licllkr anti ll"inc 1938: n,,11.inl)llc 1983. '\rSOR. ICJ1J7 l·Cl 10<... �001) In contr.i.11, 

hi'lh proponron, ol ingc�lcd sodium Q/\tJ pom-.s1um cyanide 11111 r,1,, through the lhcr anJ 111c

Jt10,ilictl b1 1hc lif\l•fl-''\ cOixl I he m;iJnr fll>tlion of C)nt1ttlc in blood" �q11c,1creJ 111 1hc 

cl"} throe) 1e<o. anJ .1 rcla1i,cl) ,m.ill riroponion h tran1ponctl I i;i lite pl.isn1a 10 u1rgc1 or!!JII\ 

C , antdc I\ conccntr.11cd rn red blood cells al J red blooJ cell to p(.1,111 1 mti,, ol I Q9 I le, d, 111 • 

pla,ma rcllc.:1 tissue 1c, d, b.:llcr l11Jn lc1cl 111 whole hloud or cl) 1hnx} tc �mJII bul 

"llntlicanl lc,d, nr C).initlc ore found in nonnal blood pla\ma (<:1,10 µgllllrc) 3nJ other 

uuuc� (<0.S mg c}unidc l.[:l or human� \\llhout 1-no\\n o..cup:11innal C),Ulltlc c,p.tsurc 

II cltl'1cm & t-:lcnJ,hnJ, l'lS-1) lhc'4: lc,cl, arc related mo�tl) to c,�urc ll• �)on,, .cm, 

lood, \IL,1111in n,:. unJ 1oh�c�o wo�c. ,\ JcuulcJ Wf\C} ofnorm31 r,IJsma C),,n•d� 1c,c1, 1n 

111 c.uc� ,lt,n,cJ u ma""'"'" lc,cl ol IOI, 1•tvltu.:. 1111h a 1 111:.111 of 4111•& Jure ti dtl,1�111 ,\ 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Kkn1hhoj, 195-1). ,\flcr ccs..;iuon ol c,posun: plnsmJ c�anidc k\cl, 1cnd Ill return 10 nonn.il 

\\ilhin -I 8 h (Fcld,1cin & KlcndshuJ, 195� \n�II & LC1\1S, 1970) 

In r.ih dosed h> �a \a�c. hii!,hCsl conccn1rations ol C}ani,k \\Cre found in 1hc lhcr. ll1ll0\\.:d 

h} 1hc lungs and blood (Yamamoto. 1990). ,\Iler inhal;ition c,po,urc the highc,1

conccntra1ions or C)iln1dc ,n rats "ere found in the lun�,. (ollo\\Cd b) the blooJ ,md h\cr 

l'hcn: is a cun1ula1i,c o:l1cc1 ot c,pos.un: 10 thioc),in;llc: (from the bn:Jl,;do\\n ol '),1nogcn1c: 

ghcoside, in lood rlan1'}, r,:,.ulting in lh)niid 10\ICII), includin[: goiter ond crc1in1,m 

(NahracJ1, 19113) ,\ nu,nbcr 11r illu,trull \c k\cl, of t)onidc ,n organ, and hloo<l Jltcr ur.11 

1111al.c ,n huntun, (1\11,cll and Lc1\ "· 1970; ·\ ( ',l)lt. I '197) and robbil� (Ballan!) 111:, 198'\a) 

h.11c been rcrortcd I or a ri1cn cxpo,un: rou1c, \\hole bloou onJ ,crum C),inidc Jc1cls arc 

quite s1m1for for dillcrcnl specie� (llnll:mt}nC 1983) 

2A.J \lcl111Joll\n1111111 1,crcllon 

Although C) .in1dc cun m1crac1 1\lth !>Ubs!llnc� 5uch ns. mc1hnemoglobin in the hloo,htn:am, 

the 1najori1y of c,anidc metabolism occul" l\llhin the li\,uc, C)Jnidc " mclllboliLcd in 

mamnt:ilian �>�tcm, b) one maJor route and ,c\cral 1ninor route�. lhc maJor route of 

mci..iholhm fl1r h) drogcn C) anidc and t) .inidc, 1\ dclo\llit.11ion ,n the lh er b)· 1h.: 

111110.:hondri.il crir)mc rhodoncsc. \\hich caLll)SC' the 1ransfcr "r lhc ,ulfonc ,11lf11r of 

th10,ulli11c 10 the C}Onidc 1011 10 form thi()(;)JR,IIC (l"igurc J) (\\'illinm,. IIJSIJ. ·\n ,ell and 

l.c,\t' 1970) Thi, r,11111: dcto\llic, 11bou1 80'!,1. uft).intdt. lhc ralc•limiung ,1cp , the J111oun1 

of 11110,ulfotc \\'hilc rhod11n1: .c i, prcscnl in the m11o,;hnndn.1 of :ill ti"uc,. lhc ,p.:, ,c, and 

1i�uc d1 �ribu11ons ol rhodonese arc hishl) 1ariahk In t:Cllijruf, the h1ghc,1 conccn1rauon, of 

rhodanc .e Jtc lonnd in lhc lhcr l.1dnc)'. brain. and mu· ck, bul the ,uppl) ol thlo,ulfatc is 

limitcll (Am nlari ct al., 199-IJ. RhodJJ1csc J\ p�nt in mt n:i.,,,t muco,1111,,,,. .... ran,�ularl� 

in the ollbctor) region, �t 11 7-folll higher cnnccntn111on (Pn a p.:r nullii;ram or n1i1 :ichon.!rial 

rru1cm b,-i,;1s) 1han in 1111: lhcr (OJhl. 19891 D,1g5 ha,c a 101\cr O\crall llct1\II) ol rhodan,�c 

than munl.c,-.. ra� 11nd mbb11, I,\ I SOR, 1'197) • 
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1\ nun1bcr ot other sulfur tranlikr.i.�.� c:in al�o mctaboll,c C) :1111Jc. and albumin. "luch .:nmc, 

ckmcn1.1I \Ullur 1n the boJ) in the \Ulfane fonn, can a_,,i,t In the • .ital),,, of •}JniJc 10 

thioc)nn:itc il.S \\CII (!))I\C\tcr ct JI. 1983: \\'�tk) Cl al .. l9li3) C')Jnidc nnJ th1c..:)anOIC C'Jn 

JI\O be mctoboli,cd b) ">C\ er.ii minor rout�. including the co111binJ1ion of C) a111d.:- \11th 

h)dfOl.)Cob:ilam,n (, i1nm1n U •a) 10) idd cynnocobJIJmin (\ 11a111m D ) (Do,cr :ind Rkl.:ird� 

IIJS?) :ind the non<rv)mo1ic combin:ition ofc)aniJc ,1i1h C}�linc. lonnins :?-muno1hicv,1llnc­

,1-c:,rbo,)lic .1cid, \\h1ch ,1ppc:;1.r. 111 be c,crctl-.l without 1unl11:r chani,:.c 11<,.-Jcl", 1971) 

(Figure 2.3). 

In ,1udic, \\ ith rab oralb administered poto�,,um cyunn.lc ond rnaintuincJ t11r up 1,1 4 \\Cd,., 

on dthcr a b J lnnccd dicl or J diet lacl.in_ the ,ulfur .1m111n 1dd, I."'-) ,hnc .md I -111cth1oninc. :i 

,1roni;ly posuivc linear relationship \1,1, lound ti.:111l-,:n bloo<l t)a.nidc anJ pla,ma C)Jnalc 

1ur, ) c,,nccn1n11in11 C I ,r-,\gh1d)c ct al 1991)), II \\U, ,uggc,tcd 1ha1 in f\ Inc, \\ here 1h.:n: 

arc protc:in..Jclicicn1 population> \\hO!>C lc 1cl� ol \ulfur-con1Jinin1? 11111110 .arid, .,re lo\\, 

c)o1111dc (from proloni;cd use of cas�\a) ma) concchabl) be con\cr1cd hl C).i11a1c. \1hi�h ,, 

kno"n 10 cou� ncurodcgc:ncrali\c di-.ca.-..c in huni.m, and onimab. 

\\'hilc ob,orbcd t).tn1dc i, r,rinc1p:illy c,crcteJ a, 1hioc}nnJ1e m th, unnc 1r.11.c, of free 

h)d1ogc11 t):inidc m.i) 111-.o be c:,crc1,-d 1111ch,1n11cd in the luni:,. �ali\J, \\\CJI. or urine 

!1l,1rtun11 1982), a.\ cnrl-011 dio\llk in e.,pircJ ,111, or a., b.,t11·th1oc):inoalanmc in -.;ih1.1 and

,,1.:a1 (I 1icdhcrg JJ1d Sth\\ 1rt1kopf. l'l69: llnrtuni: 1'>112 JI <.I -\ 1993). lh10C),lllnlc \1a, 

found in the unnc ol non c,po,cd people al avcmgc conccntn11ion, of 7. l6-mi;1li1n: ur111c tor 

non-smo�cr- ond 3.2-mg,tilrc urine for ,ml>l.cr, (ChandrJ cl al. l'lRO). LrinJI) c,crcuon ol 

1hiOC)OIIJtc \1,1\ 111u1111orcJ in a 111.in alter in1,cs11on of nboul 3 :> • po111s,l11m C),111id1.. {I\ ,,s 

1111; c�.m1dcJ..g bod} \\Ctghl) (l.1cho11i1t nnll '\ch,,urv. 19�R: \T\DR. IIJ97) lhc 1c,uli­

md1cJlcd 1hat lhc p.111cn1 c,crc1cd 23711111 of lhiOC)Jnalc O\cr � 72-h period. I h1\ qu3n1il) \\ll\

,uh,u1111inll) more than the normol 31cr;igc amount of thioc}.:tnatc III urin, \\hich \,111cs from 

0.115 1., I mg/2·1 h I\ I Sl>tt ICl97) 

Ille li111111n11 foe tor in C) ;inidc mct.it>oli\m 1\ the l011 conccntr.llion ol tl11: ,111lur-con1a1111ni: 

,ub!tralcs in the hod)' pnmaril) thio,11l fot�. hut al'><> C) $line and C) ,1cinc Ilic rJlc ol 

,pon,�n.:ou, dc10�11ica1i11n ol t)an1ilc 111 hum�n, 1 o1ho\11 I µi;,1..i; bod) wc1i;h1 r,:r minuh· 

('ich11l11 and Roth cl ol. 1'182), "h.ch ,, cor 1Jcml>h �IO\\Cr 1h,m 1n ,mnll nldClll, (\,hut-crt 

and 111111. 1 11(,K) or JOI!' (I ,L\\ICIICC. 1Cll7). 
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?51'011 '\Tl\l l lf\LTII I FFLCl�l"lll l l,\l,\.'\�Ol'POr\,..,ll \If\ \\'11)1 

?5 I I .ffcch of 'ihort-1 crm (.\cute) l ·  ,po�urc 

lnhalalion: 

l'olll\�1um C)Jnidc 1s .i ,olid. 1\hich does 001 form a ,apuur al room 1cmp,:r.i1urc llu\\c1cr, 

tnhaliuion of pota,sium c� anidc can occur follo11 mg c,ri,,urc 10 the d1bl and 10 ml\l!. or 

,upours from hcmcd or misted '\Olu1ion�. In general, Ju,i- or mi�h can be ,en 1rri1a1mg 10 1hc 

no�e and 1hroa1. \lore in1punanll), p<11,1,"um c)an1Jc rdcaso h}drogcn c)amdc 11hcn 

combins-J "ilh \\Ulcr nr Jc11I I l)Jroi;cn c)anadc: i� un c\ln:mcl) 10:-.ic gas. \\hkh cau,c, Jr:llh 

,11 \Cl) 1011 c�1nccn1ru1i1lfl\ 11 ,, a ropidl) absorbed :iml IMt-aclini, poa\on, \\hich pn ,c, ,1 \Cl)

,criou, 1nh.ilu1ion h.v.ird I he odour thn:shold ol h)droi;cn C)anidc i, \Cl) lo\\ (ll.6-l.5 ppm). 

but 11 docs not pro11dc ;i n:li:iblc \\3mtng of c,po,urc 'iomc 1,coplc (up 10 20• of the 

populu1ion) an: unnhk 10 ,mcll t)anillc. c1cn :II hil!hl> 1osic conccn1ra11on• I\ I S[)lt 19Cl7), 

·1 he earl) ,)mp10111, uf c)anadc poi,onini; ma� ancludc an"'aCI) unll c,c11cn1c111. \ICJJ..nc,,

hc.idJ�hc, nau-.c:1. ,omnini;. mclllllic 11Utc, chc11 11gh1ncss. focaal nu,lunl dru11,i11c:-..,. 

di,,.anc�. 1rrhn11on ol the: c)c:" no...: and 1hroa1, mriJ hrcJlhing. n ri,c III hlu J prc,,urc and a 

d�-cn:.isc an pUl'>C. l • .1h<mrcd brc.11hing felling blood prc�un:. rapid. \11:JI. arn:gular hcanbc:Ji. 

uncon,ciou,nc,,. nnd ,:0111 uhions follo" 1hc!.C \) mp1oms. In �c,crc ca\o!s;, carJicl\'a,1:ul.1r 

coll,,p,c. ,hoc!.. ruill l1u1J accumul.111on in 1hc luni;, (pulmcmar1 cllc111,1l nrc follll\lCd b) 

dcalh \\lhh m=i�c do��- m,111) of lht ,ign, ;ind ') 1nr1om, mti) not be ,ccn ond !here ,s a 

111pill on,cl ofpoi\Ontllg 11 i1h con,·ul\1011,, collapse and death (Ballnn1�ne cl. u l  11/11,1) . 

.\ ch,irnc1cri,11c �lsn ot C)anallc flOl'Ot1ing ,, the hrighl red culuur of blood. "hlch m.1, rc:suh 

tn red ,J..ln cul1111r (C,o"clln cl ul 1984) TI1crc: (If\! man) rcpon- ot C)anadc flO'"'"'"!l lrom 

u;ciJcnwl. ,u1dd,1I and homici(fol c,po.,urc 10 IICN or,,� 'i.lh, (11111,1 communl) po1.1,\1Utn ur 

wdium cyanide) lhc mJjoril) of people 11ho ,ur111c shon-tcrm c>nnidc potwnmi; Ill> 1101 

ha1c long-la,11ni cffc:c1,. I lo11c1cr, d<pcnding on lhc degree of c:-.pc1,urc, lhcrc ma) bc 

enduring effect, from lo\1 o:-.)i;cn. tndUdin 11np,11rcd 1ncmol) and 1111t1hc111,11"al uhihliC>. 

pcoonaltl)· ch.1ngcs • .1nd ,ahcrcal control Jlld coorJ111a11on of n1o�cmcnl (I loll cl al. l'IH(J) 

'iJ..in Con1ac1: 

l'o•, ium c) naJc i� 1cr) IO\IC if nhwrbcJ 1hruugh the ,kin \\,;an con1ac1 1\llh po1�stum 

c,i1nidc wlulion� C:-JI\ cau� s)mplom\ $lm1lnr 10 lhosc de �r1hcJ u ·Jcr "lnhala1111n• ,,h(,.c 

l'Ola\\aum cr:imJc � • ..i1111n, .ire �,rcc1cd 10 � corn1\l1c. tusc:J ,,11 rll l (>rt°'"' 111.11i:-r1.1I, 
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can cJu-.c s.:,crc ,!;in bu�" ith bli�1cring. pcnnruten1 �rrlng and. 1n -.c, ere en..-,,. dallh. '.'.:o 

conclu\1Lln� tlln be dra1,n from a= rcpon 1h:11 dc!>Cribc-. an clc,;lroplatcr :ind mc1.1I \\otl.cr 

11 ho dcH!IOJX!(l a unique ncun.-bcha11oural disorder. J1,1i;n11"1CJ a, an .1cu1c J") d1os1s. 

lalla"ing a sii;n11ican1 hon-tcnn c,pa�ure ta c}an,Jc (lie 1,a, ,plJ,hL-d in the fo,c b) llll 

Un\pecificd C) anidc: compaund ) I hi� per..on al"'1 hJd '1gniricJnl long-11:nn c,pa,un: to 

sc,cml mcl.'.lls. organic ,oh cnh and electroplnlmg chcn11c.1J, (K,1k, ct. ol.. 19'>7). 

E1e Co111nc1: • 

Po1a,1ium C)llnidc ,, \cl') 10,ic if absorbed lhroui:h the t)C, E)c con1ac1 can cau� '}rnrton1, 

a, dc�ribcd under "Inhalation" abo,c l'olll"1um t)an1dc �olution, an: c,J11--.:teJ In bc 

corroshc ba1cd on pl I Corros11c material� cnn c.1u,c 1cf) ,e,crc C)c irri1.111011 ,mJ. In -.ornc 

cases.. permanent Jamngt ta I ision. mcludmg bllndne<>,. 

I ni:l"llon: 

Pot.1,\lun1 C)nniJc I\ VCf) to,ic ii ingested. h 11 mpidl) absorbed 1hru11gh tht> dii:r,tiH: tnict 

rc\ul1m1:; i n  s.) mpll>m, a, described under "lnh,1l,1t101f abo, c lmmcdtatcl} lollo" ini; 

mgc11ion. a hntcr, acrid h11rn11111 w,tt nia} be noted follo"ed b) constnc1ion or numbness in 

the throat TI1erc i, rupuJ ,cnulation and ,honncS\ ol bream, 1hc \tomoch lining i\ ,rrit.ucd and 

nJu...:.i and ,omumg m:i) o,;cur lhcn uncon\Ciou,nc". con\11l�ion, 111u...:11lar "111tr.1c11u11 uf 

the Jll\ ropid and irrcgul.ir pul-..:. i:a,pmg, p.iml) ,i, and Jcath lnil) occur (llo.1u ct ol 1985). 

In l111111an,. the ,1,crai:c lethal du...: of h)drogcn C}Jnidc ,, c tim4ted 10 be bO-ClO mg ((jo\...::hn 

cl ul .. I 98�) 1\ few cnsc, of l'arkinsonism (:i ') ndromc chnr.ictcri,cd h) dccrc,1-.:J muhilit), 

mu,eular 11g1dil) •• ind tremor) ha\, been rcponcd in ,uf\i\ or'> of .icutc c� Jnide poi�mnl,!, ,\11 

case n:J'<1n, m,uhcd nun occuJ)Jtio1JI c,po,urc 10 tush oral Jose, (\\here spcc11icd) (umnda, 

ct ul., 198')). lngc,tion is not 11 1yp1cal route for occ:up;1tion.il c,po,urc If tht h)Jroten 

c, amde c:1.cccd, tht' lirnll Jn individual " 11hh: to dclo:1.if), tolcr.itc. death rno,· occur Jue to • • 

C)llntdc pohomng I he ,,cute oral lclhal Joie al h)drogcn C)ilnidc lor humqn 1,cmg, ,, 

rcponcd to be 0.5·3.5 ml!ll-g bod)\\Cighl \ppro\lrnatcl) 50-60 11111 ul Ir« C),mnk (111111 

co.11a,.i ond 11, proc:c,-.cJ pruduct1 can,tilutc, J lcthnl do,c for iln odult man Datil on 1hc ond 

lcth.11 Ju-ie of C) anide fllf mon m lour c;iscs ol \Utcidr. C11kul�1cJ from the mnounl ol 

h)drogcn C) nniJc ahIDrhcd tn the hod� JI the lime or di:nth. 111111 fn1m the amount 111 h)Jrui;cn 

C)11niJe found In 1hi dl11e,ti\t> 1r. ct, d1llcrcd con,idcrabl� unll corrc�ponucJ to do�, ol U Sll· 

22111111).g IIOI.I> 11d11 11\\ 110. ICJ65l 
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\hhough a.:utc co�\a JlC)i\onini,t ,om�1imc, lcndini; to the Jcalh ol II hok larnilic, ha, 

been o.:co,ionall)· rc:poncd allcr the con,umptiun or inmkqu.ucl) pn,ccsscJ ca�sa, a 

(t),untol.un, 1981 Chll ,1nd Counllnho, 199S) 
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l'} .,niJi: can t1llcc1 man) runction, 111 the ll<>J) including the , u-.cular, vi\ual. pulmonur). 

c.:nlral ncl'\ous.. cardiuc, mnonomic, cnJocrlnc. anJ 1nclllbolic ')'tern,. l h c  10,,co-d}namic 

cllccl� can'"" Jepcnd1n� on the Jo!.I!, route und ,peed of aJ1111ni)lrOtion, chemic.ii fllnn 111 

1hc C}nnidc, and 01hcr l,ictor, induJlng lht i::cndtr Jilt, \\C1�h1. ,tre,, level. uni.I general 

ph} sical condition or 1hc ,�-..ip1cnt (ll,1,l.in ct al I ll98) 1'1t14;c:cJinµ clocl.,1 l�c lrom the tflp uf 

the <hagr.im: 1111\c·11l11r clli:c1, for <:)'unidc can mclud� illl m11ial tran�icnt 1ncn:asc, lolhn1cJ h>

a 1kcn:,1,c in c,1rJlnc 011111111 lllooJ P"-""'urc lnll, ns lhc c,irJrnc mouopk cfk,I dc,rt"J...:, 11nJ 

a, ,a'>Otlllblion occur, I '/\1111/ cffcch cun 111dudc a d�-cn:,1,c ,n the c Jp;1cil} tu lodl\, 1\llh lute•

un,ct n,)Jriu,is )c,;1111dar, to h}J10\t,1 One ol the lir-1 p11h11111111f)' clTcd, 1111111 C),1nidc i\ � 

rc,p1ratOF) 1:u,p. \\h1ch i cJu..cd b> ,1i111ul,111un 111 chc111orcccp1ur l>uJic, nc.Jr the uun1� 

b1lurca1 on ll,11.:l'\"llilat111n fo.11101�, thh rc,JlOll'c C),cr lirnc (the rc ,pt1n-.c Jo\C 

J�r-:11<kn1, but ,,..:ond• 111 111111111,...,). tht ltcqucncy :111d dcplh ol brc.11l11nl,! Jnninish. Ce11tr11I 

11rn·,1111 -., ,1,•111 clT«h inithtll} mnnltc\l .i dctrcJ'iCd a,,nn:nc\, anJ incrc ,setl n:h:a-c ur 

cnt..cphalin\ lollo"cd b) lo\, of consc,ousnc,, anJ c11n,·ul,ions {Ba,,l.111 c:t 11, l'J'IK). C11rtliac 

ellc:cb 111\cr t) :imJ.: c,po\un: are ,1n 111crca in hcan rate. then n cJccrcJ�t �olh an: 

a,compan,,-d h� �nh)thmlo, and nc1.t.i11,c inolrop} C,nn,dc produce< :i numbcr ol  ,111/111111111/c 

11rn·1111, ,,.,,.,,,, effect, based on the route and do�1:: ol" tht osenl C }'llniJc c n Jl\1.1 prnducc 

muhtplt t11tlacri11c c:llcct< mduJ,ns epinephrine and h1 ,f.lminc rck,l\c, ,I cl 11wt11/m/i,· JCIIOn� 

that dccn:as.: cnerg> 11roituc11nn b) 1hc inhibition of the use olc)to.;hrornc ""J "' 

re, pho,11hc,crc31inc 

,\Ir :idcnosinc 1npho1flh,11c 

C.0,: canhac oulput 

2.S.2 EJTc.cll of Loni,!• I cnn (C:hronkl I ,1111,urc 

,c. c111I hum.1n J10J1Ulntion ,tuJic� ha,c cvalu.itcd the poi.cnti.31 hc.ilth clkct\ ol loog,tcnn 

C).in!Jc c,J10,un: In �cncr.il. the1.C ,tudic1 arc llm11cd b) factor- ,uch n, 1hc ,0111II numhcf of 

cmplo)c:0 c1-:ihc1cJ nnJ the Jk>S>lh1lt1y 111 concurrent c,ro�urc to other J10l.:t1ll.1II} lwmful 

chcmccah (Jl.'lrticu!Jrl) In the elcctropl�tin!! ,nJu�f) I In nJJ111on. re\\ \luJ1�s r�pon rch:it,k­

rca,urcmcnt, of t)anidc c,po1urc\ anJ c,cn "hen nuhomc: C'f'ttccn1ru1100, .in: l't'p.lflcJ. 

C'.\�urc: m:i) also ha, c occurrcJ h> •km nt>wrrtio:i (k\p11c thc\C hm111111on-. th� 11, 1bt,k 

nidcncc ,ugg�, th.11 l11ni:-1c:rm occupallonJI C)Dntdc: c,posurc n\a) b..- a"'" �IN \\1:h 

turrnr111 clfcct\ In the 1h)n11d cl.and 11nd the nm nus •>-.tcm I <1:i� 1n1n .:,r,.-.un, 11 ,, J.;
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Jl\l1 ..:cur,, fron, ,mokmg c:aiin)! food, c11111uini11g C),inogcnic gl)cos1dci.. Jtlll inlccunn 11 Ith 

c, an11h:-prod11cing b:ictcrm ( \\' ibon. I 9R7). 

I 1111111:J inlonnulion suyl\C'-I' th,11 long-tcnn c,posurc 10 c)anidc� rna) be R\SOCi,11cd ,111h 

h�nnful effect, on the ncl\ oU) '}'tcn1 Somt ol the )) mp101ns 01'..cr1 cd urc non-,p(cilic (e.g. 

hcnJ,1cl1c,) ,inll cuulll he u,"iciotcd 11 ith m.in) cau�c� �c\crthck,,. there dnc, -.cc:111 to he un 

,1,,tlCllllltlll l>tll\CCII ,0111.: 111:nOU\ �)MCm S)ffiJlltllll\ and C)illlldc C\JM)\UIC I hlrt) '" 111olc, 

11011·�1110king CIIIJllO)CCS \\CIC c,po...:d lor 5.1.s )CilrS IO 4.2-12.-1 (1(1111 C),micJc lrum 

ckcll\lJll,11111g b.11h, ,-on1;1111111g ,01hu111 ,and copJlCr C),IIUdc, l\cl\ous �> ,1.:111 �)1n111oms 11crc, 

in order ol ln:quc1K). h".idachc, 11 cal..nc,,, d13ngc� 111 l115tc uncJ smell., 1\UJI cJlllicul11c,, and 

nmou, 111,1nh1lil) I 110 c111plo)cC) c,pcricnccJ psychouc cp1w.k�. 11h1ch the) rcco1crcd 

lrom 1111hin 3(1-111 hour. hillu11ing rcmo1al from the area ol c,po,urc (11 Ciha1111h1 ct ul. 

1975), I tll) "' male cmplll)CCs 11cn: cxpo...:d tu h)cJroi;c:n cy;1n1cJc fc111"c11tr.111011� not 

n:poncd) ,1h1k cngoi;�-d in ca,c hunknin1t and ckctropl.,uns lor :! -20 )cars, \ �,i;nitic.:inl 

incrc,hc in in1p,1im1cnl of memory. 111ual abiht) ,,,u.:il learning and ps}chomotor ohilil) 11 ,n 

oh,cno:J 111 c,po-.cd cmplO)CC� compared ta J.f matched controls lleadachc, "ere mnn: 

trcqucntl) n:porto:J in c,po-.cJ 11orl..cr.. (Kumar cl ,,I, 19CJ2) 

n,,n)·'" c:mplo)c:cs 1,ctc c,po,cJ 10 h}drogcn ond '.IO<l1um C).in1dc m .1 ,1hcr-n:clu1mmg 

liKlllf) b) inruilauon (IS ppm. 24-hour a,cmgc concc111rauon). •ltn con1.1�1 and fltl\\1hl> c•r.sl 

c,pc»un: ,\n cmplO)CC d1c:J of acute t)ani1k po1wninr and the plmt 11:1-s cl� for 7 month� 

hcflln: 1hc ,tud) ,,a, curried out ,\n o,crall c,po�un: mdc, 11,1\ cnlculJlcc.l tu� on J<lh 

cotcgul'). frc:qucnc} ol h�ndlini; C)  .1mJc .ind ingc,111111 lll(I() nr drinl. in the: Jlit-,Jucuon area, 

:\cf\OU\ S)SIClTI �mptoms. \\hkh hJd D ,ignHic.1nl flO'llt\C com:l�llon 11ilh C\(10\Un:, \\CIC

numbncs, or 11n11lin11 (pJrc:,thc,i.:i) of the c,1rcmit11:s. c:i,) fo11i;uc unJ :i ,,mptOl'l cumpk, 

tnclud.ng hcail.lchc. cJi1.1incss; .,nil fa1n11ng (lll.1nc ct ,11 .. 19115) �c:un1p.,1h1�..., m JlC(lpl. I" '"I! 

111 1roprc.al :u'Cls "tlh .1 dlt:'1 hil!h in  ���D. D rout rich 1n C)IIN>j;Cnk glycosldcs. ha, c 

prc11ousl) he-en unnhutcJ lo C)un1dc.( \ I Sl>R. 1'11)7) llo11c,cr. thl\ 1.hct I\ oho htl)h in 

\Copolc11n. n coumwn compound, \\hlch ,s hchcl'� tu he rc\plln\lhlc flir "'°1C ul tlic 

ncurOIO'.\IC cllctl\ lOhldo:1 Cl al.  111111) 

11 
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l.un��/llc�pin110� S) ,1l'111: 

I \\O hn111cd ,tudic, ,usi;c,1 1ha1 loni;-lcnn C}U011k C:\flO\Urc ma) be n�soc1,11cd \\ i1h l.ihourcd 

brca1l11ng. ,\n i ncrea\cd inc1d1:nct ,,r clTon-mduccJ. l,1hourcd hrcJlhing \\,I\ oh,cr.,·d in  JC1 

1nulc, 11on,,1nol..mi; c1 11plo}cc, c,pusctl fi1r 5-1S )c:ar.. 10 I.:! 12.·1 ppnt •>•m11h: frurn 

dcc1n.1pla11ng b.i th, c11n111 111i1111 ,,,J 111111 ,111d copper C)illlidc (11 tiha,,abi cl ,11., I 975). \n 

11,\0Cia1inn bc1,1ccn laboured brcuthing :inti C)Jnidc: c,posurc IHI' aho uh,cf\cd in Jt, 

c1nplo)•°<' c,1111,cd 111 h)Jrugcn und wJium t)an1dc in a ,ihcr-n:dairning l,1cll11'), h) 

inhalatinn l 15 rpm, 2,1,hour .i, croi;c conccn1rn11on), ,I.in cnn1oc1 ,ind fl<'''ihl) urul c,po,urc 

,\n c11111l0)•"< had died ol uculc C)Jnhk po11A>n1ng nnd lhc plarn 11,l, cl,1scd Ii.Jr 7 n1on1h� 

�for.: the ,1ud) \\ill �JrTicd ou1. ,\n O\cmll c,po,urc inJc, \\J) culcula1cd ba,cJ on 10b 

c.11ci;ol'), ln:\jucnc� ol h:mdling c�unidc unJ 1111:cMini; food or drml. ,n 1hc produclion ,1rca, 

(lllan..: Cl nl. l•IX5). 

,1.111. 

\n a "x:lauon licl\\ccn de,elopmcnl or u •I.in ril,h and C)uniJc c,po\urc 1\llli Ul\o ob-.cneJ 

1n 36 .:mplo}c�, c,po..cJ 10 h)Jrogcn and \OOiun1 c}Mldc m a  ,il\cr-recl:Jimini; foclol), h) 

inhalation (I� pplll, 2-1 -hour a,crog.c conccn1ro1ion). \I.in con1.:i" anJ 11',,,ihl) ornl C'.liJl<"'UII: 

.\n cmplO}CC had dn:J of ucu1c cyanide poi�ning anJ 1hc pl,1111 \\D\ dosed for 7 monlh5 

bclon: the stud> "a' carried 0111 (Ohme c:1- al. 1985), 

lllJ,tC-lht S},ICfll:

\n m,rc.i\Cd mc1dcncc ol n3u;.·a nn<l'or ,omilln� ,,.a., rcp..,rted m I\\O �1udic� 1h:11 c,:ilu, :UcJ

cmplO) cc, ,, i1h long-1c:n11 c,po�ur.: 10 C)illlldc: conccn1rnuons up 10 15 ppm (1\lth flO',\ihlc 

conc11rrc111 ini,:e�uon and.sl.1n conmc1) (l.l Gha\\,lhi cl 111, 19751 

I , �'\'bion: 

I ,rp 111 0n "a, rcportc:<l in ) hm 11cd �ud1� 1n\olv1nl! clcx1ropla11ng ,,,,rf.cn.. I �roiur�").. 

"hen �11ic:,L rani;cJ lrom I '2-15 ppm C)D.OiJc (Kum3r cl al� 1'1'12) I lli\\c,c:r. 11 1, 001 

f!O\Slhk 10 dro\\ 11n) ,rc:cilic conclu\ion, oboul 1hc C) c 1m1a1111n po1cn11-1I ,,r lon[:•lc:nn 

c).antdc c�pmurc. bc:c.,u!IC clcctropblinll \\fflC:B :ii,: c,po!C<l 10 n1:in� chcm1cab 1h�1 111c: 

1n11.i1m1, 10 1hc C)� (;\l'illR J9<l7) lxgc:nc:1111100 oflhc: op11c ncnc M1J p.,rt ol 1hc rxtnu 

llhc: mllcul:il h found m pcorlc: ll\rng 1n 1roptc� :i.rc;i, ,111h I dlCI high 111 r11,,.l\.i .i n,,c 11.tl 

tn C)ilOOljCnlc 11l>cm1 Jc:1 (\\ 11\0n, IQK7) In \Cll11C: ,d\C, 1hC'� ciTccl, lu,r l,crn 1u,001.d 1, 
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c�.inide C\(lO\urc (,\T OR. 19117) llo"c,cr th" diet is also high 1n -.cu()l•ktin, a co11n1arin 

con,rounJ, ,,h,ch "h<:lic,cJ tu be rc,runslblc for ,omc of  these en�"(,, (OhiJoa ct al� 111111.1 

Ulnnd llluotl Formlni: '-) �•cm: 

I here ,, , Cl) lin11h:d 111fon1111ti1111 that loni;·lcm1 c,(l(l,urc 10 C),intdc •� a,,01:ia1cd II ilh 

ham1lul cnc.:I\ on the bltl\>d UlooJ chcmblF) change, (incrc,1,cd 1,hi1c hlooJ ,.,11, nnd ra-d 

hlouJ cell ,c11i111cn111tion mtc. und d�-crca\cd hcmoi;lobin lc1c:I) "·" ob,cr1cd 111 J-1 cn1plo\cc� 

c,po,cll tu un,p..-cilicJ cunccntmlioru of h)drogcn C:),1nilk. ,,hih: cngogctJ in ca\C lrnnlcnmg 

,111d cll.'Clroplath11! lor 2-20 )CJl"i (1-:mnur ct ,11� 1'192) 'ita11,1icul anol)�i� ol the n.:,uh, 11a,

not conducted UlooJ chcnu�lf") ch,mgc, (incrca!>Cd hemoglobin and I) mph01:}IU cuun1, and 

n:J blood c.:11 d.1m.1gc) 11crc oh,cncd In )C, 111.1k, non-smol.mi; ernpln)cc, c,po-cd fur 5-IS 

>,:.u"i 111 � ::?-12A ppm �>m11dc during clt:ctropla1lng opc11111on� (11 Cih,111,1h1 cl. ul. 1•1751 

llu\\c,cr, c,pu,urc 10 copper. ;in �sent 1,.no,,n to h.i\c ll'"" clfL-cb on blO<ld al,o occurn:J 

ChJni;c\ in \\ hitc blood cell Clll)OlC ,icti, it} "ere notc:d in •IJ cnrplo,cc, c,po,cd 10 .u, 

J\crJgc conccn1ra11on or O 23 1111111 h)drogcn C}amdc tor 0.25-16 )Cllrs (o�cragc S.·l )CJITT)

durin11 n1cml co.11in1101icn1tions (Dinco cL ol . .  l'1'72). 

1.nJncrinc: S�,1c111:

l ,1dcncc from human ,md anrmol �tudi� 1ndic111cs 1h31 lon&-rcrm c,po,urc lo .:)11n11Jc �nn

n."\ult in imr,iin:d th)roid func110n ond enlargement of 1hc lh)roid (i;oitcr), rhioc).inatc, chc

main mcubohtc of C) 1111idc, 1s bclic11:d to cJu.,c the� cffcct'I b) 1nhib11in{! the uplJl.c ol

iodine b} the th}rotd (llo1ncr.1cc ct. al.. 1997) Findrni;s con,i'ltcnl 1\llh imparn:d lh)n,id

function \\en: ob..cncJ III JS 1113k crnplo}ecs. nll non-,m,,1.cn. "ho \\ere c,po�J 10 c1Jntdc• 

1,;1lb fur 111 lc.ul 5 ) coil.l'5,, 11 h1k \\Ori.ins" ith :in clcc1ropl1111ni; proccu C:ynntdc: conccntr:shon,

I\Ctc not reported (UnncrJcc ct nl. l'l'l7). \lild to modtrntc lh)roid cnJ.1rs•-mcn1 11J, oh.cr\cJ

rn 20136 male dcttropla1ing 11orlicn. \\ho 11 crc c:,p,1,cJ 10 -11-12.-l ppm C)nmJc lor 5-1<

)CMS \lca,urcmcnt ol rud10Jcll\c iodine upt.ilic ,hn\lcd i s1gn1li,anll) higher rodrnc uptlll.c

tn the c,poscJ \\Ori.er, than r,,r the control group ti.I c,.i\\ab, •-t ol. 19751 Ilic �1th ol 16

cmploycc1 c:\p<"cd to h)dro�cn and �hum C)JnlJc In 11 �,ht:t•rccl311111ng (actot) \\llS

n•� ln�llllOO (15 ppm, !-I-hour a,cnii:c tontcntrationl. u.,n contA,t 11DJ J!(>"lbb uni

c.,i,owrc lud oc:currcJ ,\n cmrh>) c:c drcJ 01 iu:utc C) uniJe JlOl<0nms anJ the pbnt ".1', l,hCd

(111' 7 month� hcfon: lhc �tud) "11' ,�rr1cd out 1\n o,cmll e,po,1.1:-c 1ndc:'\ ,,�, • I ubli:d tu ... --J

00 Job u1cgc)I'), trcq._cn() of h.indhnc �).inlJc and mGe�11ns food UJ ,htn\. 1n the- rn.-.!111.1 -n

ur.i In 1c,u J(,nc 7-lO month• oiler 1hc b11 C\r,nurc the' 1h,rukl-,11mul: 11 h.,rn inc"

lf,
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,,g.niliCJnll) higher ,n high c,po,urc mdc:\ c1nplo,>cc,, compared tu 1hc: 1nc:an l.1oor.1tolj 

control , .,luc llo\\c,cr, lh) rt1\lnc h:vcl, 11 ere normal and no lh) ro1d cnl,1rsc:rncnt ,, a, lound 

llllanc ct nl. 1985). I in1i1cd ,111i111al 1nfonnu11on �ui::1,:c\h 1h,1t l11ng-tcnn c,1k1\11tc l\1 C) m11dc

.:unlfl\1UnJ, 111a) h.1rn1 lhc lh) roiJ i:tund 

C-11 rcinol,!C nll:i ty: 

lhcl\: " no hunmn or animal information o,ailahk nu: l1111:rn,11ional ,\gent) lor ttc,cnrch on 

< anccr (I \RC) '"" 1101 c, i1lua1cd the c:nn:inogcnkll) of 1hb chc1nic,1I, I he \1ncr1,un 

Contcn:ncc ol l.io1cm1ncotnl lndu,trial ll)g1cn"t' ( \('LIi i) hu, not 11\\lgncJ .i

�arcinoi;cnic II} dc,1Hn .. 111on to thb d1cm1c,1I. I he U� �uuonal I c.,icolog) l'rogrn111 (:'II Tl') ha� 

not h,11:J th1, d1cn1ic,1I in II\ rcpon on cnrclnoi;cns 

1 ,rutc1i:enkit, 1111d I mhn otu,tcll, • 

I hen: " no human 1nfomu11ion .,, ,11l,1hlc 1111: litnitc:d unimnl infonnaunn (11'nilnhlc ,uggc,t, 

th.ii po1a�\1Ulll cy,mid.: i� 1101 a dc1dopmcn1nl to\ln, 

H,•pro1lucth c I o,icity: 

There ,, no human infonn,11ion uv111lnblc In an animal s1ud), chang,:� suggC\11,c ul

rcproduc1i,c cffccl, \\ere ,1b\Cf\Cd in f'lll\ and mice llo"c,cr, f,:rtilil) 1,J, nnl 1,:,.1l11a1cd

\ I 11l:ll!Cnicit): 

I hen: 1. no human 111f,,mi.111on n,nil.iblc lhc ava1lnblc c11Jcncc J(lo.!<i not mdi.:a1c tlt�t

po1a\�1um cynniJc i) mutui;cnic. I \\O 1c,1� using h•c 1111,c \\Crc 11cgJ1i,c. Oo1h po111i,c amJ

ncg.11i1 c rc,ults b.11 c be-en ob1;11ncJ 1n �hon-tcnm 1c,h U\IOS mnmmoli.in cells nnJ b:Jctcn:i

I 11\kuh11!ic.tll) '-> ncri:l11k ,101cri�ls:

r ,K�r re: 10 h1dro11cn c1.1n1Jt arJ 5't� c.ubon Jio,1Jc (001 lc1�I b) ui;.:11) rcwllcd 1n DJ\

Inc� ,n the lc1h.1ht) of h)dro!!cn C),1111Jc (,\ I SDll, 141971 Oral pn:-11caunm1 of i;u1nc:i

pigs 111th 11\COrh�lc enhanced 1hc 10,i, effect\ o f  or,tl numim11r.i11on of  poui.�"urn C).:i.nklc II

.. a, ,ug�c:slc:d that the oscorb.11e intcrfc:rc:J '"'" the re.i,tion to Jcto\lf) ,),,niJc (ll.t,u. 19Sll

1•111cn1ial rur \cc11mul.1tl11n:

m1to1.chomfri..11I cn1)mc: rh,xbnc-c. 11,hkh oJJ, ,ulfur 111 1he c1.in1Jc inn I<• lrofm thK ,.u

l111«)itnll� h I�\ ,, �k; ond t• c,cr,tcd in the unn" 1111,u Cl ol 111R\I I " t<w,nK 

l7 
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\\ii.kl, di-iributcd in the ti'>-,UC), but h.is it� grcatc\l Jdhh) 111 thl' ll\cr n1c boJ} ha, n lari;l 

c.ip.,cil) tu lkto,if) C)nnidc but the rc,"tion is dcpcndcnt on .10 a1kljUJlc: ,uppl) ol ,ullur 

(Uo��clin cl al .. 198-l) the 11111,i111u111 dc10,11icJliun rate lor h11111nn, 1 O(,-U 1l

1111c1oi;rum, l..g bciJ) \\cight/n1inu1c. ,,111ch i, con,idcn1bl) tu,,cr than rur IJb rodent, t1r tl11r, 

\lo,1 ab�rbcd C),ilnidc b c,crc11:d in the urine 11, thioc)anatc, but ,moll ;110011111, arc 

cltm111Jtcd in 1:xhulcd air and urine a, h)Jrugcn C)unidc, carbon tlio\ldc ond other rnc1.1hnlk 

product, I he ,wcn11ctc hair tilne flll' c,crctiun of thioc)uU;llc h,1s lx:cn n:poncJ 10 11C ' 7 d.1) s 

in health) , oluntccr, 

lll'nlth ('u111111tnl•� 

Ilic..:) 1n1dc ,on btnd, \\llh iron ions in the c:n1)mc C)tochro111c o,idJse. \\lllch pn:,cni- bod) 

cell, lrom u,ing 0\)1,CII 11111,, C),lllllk l111p.1irs the bod)'\ obilit) 10 u,c O\)l!Cll Jnd 1hc 

pnman 1.iri;ct org,n" for ,1c111c C).iniclc po,,onins arc the central ncnou, �),tc111 ,u1rJ lhc heart 

I \ I \l)lt I 'l'l7l .C) ,,niclc� oho inhibit other cn,)mc �)\lcm,, c,rcc1all) 111,1...: cn111u111111i; iron 

1r cuppcr, \\hkh contributes to the �}otfllOot\ ob,cn.cd (11c:i,lc), 1998). 

2.5.J l.onl!· l crm �11111lc, 111111 Cya11hlc Db,c11�c.s 

'h.00/o· ,� a local /.iun:an 1.:rm r�1r a Jhcil\c: lir,t dc..cribcd in 1'13K m tltc lxmocn111c 

Repubhc of Coni;o I lurmall) /airc) b) Troll! in I •J3li, but ha, .11\0 !>ten ol&n .:-J In 

\lo,ambiquc. T11111an1a. Ccntrnl \lrican Republic and Cnmcn,o:i (:l.linhll') ol l le.1hh. 

:1.to1.1mh11,1uc:, l'lli-1 110,,lcu ct al� 19110; T)ll�knr ct al . l'11>:?. 1'19-1. L.intrum ct al l'l'IK, 

r mC\IO ct ,ii .. 2002). h.on,o i• un upper n101or neuron disc.UC charncto:rii.cd h) ,rrc, cr, 1hlc but 

non,rrolln."-shc ,>111111c1r1e; ,p.1,tte r,;irnparcs•� 1ha1 hn, nn nhrurt 11n�t It mo\tl) nll«h 

chilcln:n and "omen of childbc:inng age. Sc, ere c,,,c, ha, c o ,p.1,ttc toc•S<;t''IOI' ga11 <'r 

p,111cnt.s "111 not be able It) "�II. 01 all. and the arms and \f>«Ch f!U) al\O be 111lcc1c,J ,\ lnni;· 

term 10!10\\•UP or l.on,o p .iticnl\ \ho"cd 1h31 the ocuroli>Sicnl "II"' m l.orv1• r:aucnt, 

n:maincd conslllnt, ho\\c,cr. function:il 1mf'{o,cmcn1 ma) oc.:ur tl lill und ical.1. luc.171 

1 hi;h urn1.:tl') 1h10C)IUl!llc conccn1rn11ons nnd p=cc ol nnl.lc clnnus on: .tl'-4) oh1enal In .ill 

reports of cp1dcmlc� lOOLD has been O\C.OCl.11,-d 1, 1th hl11h ond \U\t1t111eJ <)lln�cn, tnlJl.c &I 

suh-lctlt.11 cono..cn1n111ons from c-.1,..:a\a or c11,s.1\a flour 1n comb,:u11on "1th a 1(11• 1111..11.., ol 

1t1l,,tlur amino ncjdt 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Trof1lc:r1f ,lunit· ,\'••un1patln· (T:li'�I 

I \N " u,cJ 111 Jc,cnbc ":' cral ncuroloi:icnl \) nJrL1rnc, allributcJ to tu,ico•nutnuonal 

<.:11\J-..:, ·111.: ")nJrumc, i;rou!l'tl .is I ,\N cun tlitlcr ,,itlcl) 111 ..:lint..:,11 rrcs.:nlJt1on. n,11111111 

hhtul") unli rc,rx111,c 10 tn:;iuncnl. I' \N h:u occum-J mainl) i n  ,\lrku. r,1n1cularh '1;11ctcria 

th, 1ni1111 ch111cal h:alul\!, of ,omc c1t the S)ndro,nc, h.i,c 111duJcd. wrc tunguc. angular 

,1om,11ith. �l..111 dc,qllilmotiOn\, or1tcal atroph), ncuru•,Cll'4>r) tlcalncss 1.1111! �nsol') t?Jtl

ata\l� (in Olu\\oh: cl ol, :!000). lhc cause t\ ,lltrihutcJ 10 J1ct.11') c)an1Jc c,po\ur..: lrnrn the 

chronic n101101u11llll\ con\111nr1i11n uf roo1h pro.:c�-.cd fro1n ca�...i,a. I hc on,c:l ol I ·\!'\ i 

u,uall) ,lo\\ O\Cr 111011th, or )t:,11\ .111J the mean ugc of rcoph: all�-ctccJ b) 1,\1\' b 11rc-11cr than 

10 )C.tr, I AS uff�-ch n1al�.._ illld fcnrnlc\ in oll .ii;c i;rour� ��uJII) 

G111ln 1111,I ,·n•/11111111 

\tuJic� ,n \ln,an ct111111ric� ,uch o, /A1irc ha,c: c,t.,hlhhcJ that goitn: oncJ crcthn,m Ju,: 10 

IO<linc Jclic1cnc, can be cun,iJcr.1hl) uggr,nnlcJ h) J contiouou\ d1cl;tl') C)nnhk c\Jll"Un: 

lron1 1n�ullidcnth pflicc,,c:J cil\s,1,0 I hi� clkcl is cnu\cd b) 1h1oc)a0;1t,:. \\hich i� ,11111IJr m 

,11c 10 the Jut.line molecule nod an1erfen;, "Ith 11p1,1l.c of 11�111c into the th}tnid �l,1nJ I lit;h 

thio.:)anatc tc ,cl,. l\hich can o.:cur uflcr c,J111,un: to C)nnidc from c.i,�\n. c;in onl� 1111«1 

the glruid \\hen the 10\llm: 1111111.c i, belo,, IOOmicro�ramv'cJa), \\hich •� rcgankd m1111mal (or

normal fun�tion Population\ "i1h \Cl) lo,, i0<hoc unJ h1i;h 1hi1"11:)lUlalc lc•cl from 

con,umptron ol C-""'1',,. �ho\\ w�cn: endemic goitr,:, hut 111, .. Jccrc� \\llh iOJmc 

,upplcmcol:ltion (re, 1,:1\cJ h) Ro,1int1 1987) 

2.6 "'"'fTICS 01· C\ \:',11)1 \'\I) IIFAl 'rll r�r-1,c [<,,,Ill \l,\'i 

C) 1111dc l\ produced III the hunun bod) ancJ c,hnkJ 10 c\lrcmch lo\\ con4;cntr.111ons ,,11h

c:i�h breath. II i, aculcl) 10,ic 10 hum.in,. Liquid or !lO'>Cou, 1 l)Jrogcn \C}nni1.k ,ind 1111,;ult .,;alb

of C)IIOiJc: can cntcr the boJ> throui;h ioh31alion. ini;c,11un ur .ib-o,rt1on throu ,1 the e)n nnJ

-.I.in lhc rate of \I.in ab<.nrr111•n 1, c:oh.ulccd \\hen the �I.an 1s CUL :abnudctl or m!l1,1 inhalc:J

\.3lt\ of C)11nidc un: rcadll) cJi.,sohcd nnJ nh<,orbcJ upon c0111.k.--t I\ 1th 11101\t 01 ,,u, 

membrane� TI1c Jose ctl«I CUl\c of lhc acute cllcch in hunun, I\ ,teer \\ hcrc.u shghl 

c:flccls oc:cur 111 �po,urc to h)Jroi:cn C)nnid.- tc,d!. ol 20 -10 ms m '. �ll t,O mt 1111 c:in � 

toleratc:J ,,11hout Immediate or l.11c: cllc.:l\ lor 20 rnio 10 I h, 120 1�11 mi; 1111 1> J.ini:cn11n 1,, 

ur� LIJlU m:S) Ir.id 10 d�lh Dllcr O � I h. 1�0 ml,!lrn1 h lilcl) lo be ,�w, \\llhin ]ti r Ill. 200 

mi m' 1 Iii.cl) to be fat.ii oner In man, ond JOO mt• m 1 1\ 1mmcJ1�1ch la141 II i.,. IJ � 
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t'1llf1ha\i1cd 1ha1 1hi, rcpn:�cnh cruJc il\Cragc c\flO�urc c,11n1ah."S. bJstd 1111 ,111100� ,111J11:, 

1n1 ros. 10021 

lhc cni:,Ls of .:icu1c cyanide c;,,po�urc an: don1inah:d b) ccnlrol ncr,uu, \) �1c111 nnd 

cardio,u\Cular Jb1urbancc\ ( \ I SIJR 1 11111) I) fllC,11 \ign, of :,cull: C},tnid, fXll\001111, mclotk

lach� pnC)C.'I. headache. ,,c,111:0, lac!.. of n10111r courdin.1111111, 11c.1\; puhc, c,1rd1ac Jrrh) 1hnlt.1\ 

,omillnl,! ,111pur cornul'1DII\, and conu1 (llall,u1l}IIC, IC)llJI \\ ,I} cl  ,,I, l'IX·I) l1.nholug1�.1I 

finding\ 1llil} 111cludc 1rad1c,1I coni,nllllll 1111h h,1cmorrhagc, ccn:brol and pulrnonnr. ncdc:111,1, 

1Ju,1rlc cro,inn,, ,111d (l(tcd1i.1c of 1hc hrnin 111cn1ngc� ,ind pcricard111n1 ( \\'11), I «Jll-1 ) .  'ic:11ud,1e: 

ol ,c,c� .,cute C)illlldc c,ro�urc rn3) ,1ho include: l'arl..in-.on-hl,c '}ntlr,,mc\ und 

c,1rd10, ,l\.:ular )11,11\ ol dcla) cd ro�•-h> po,1c nt) ocard,al lc,1011,, u, \\C II ,,, ncurop�)'ch1atric 

mJntk ,LJllon, �in1llar to 1ho� seen "ith ro�l-h) po,11: po,t-curbun n1ono,idt cnccphalopJlh} 

( \ ISOR IQ1l\) l>cn11,1I .1b,orptlon or h)clrugcn t}anidc I\ much ,101,cr 1han pulrnon.'11) 

at-,orpuon, .111,J tht Jmo11n1 ,incl ,peed or ,1b�orplion 1hrough humiln ,km arl! dtpcnd'111 on 1hc 

amount ol ,\-in 111oisturc ancl durnlion ol 11,;in contact I he i..1,icit) of h)clro11.:n .:)a111dc 10 

hun11111, i, dependent 011 the nature of the e,po,un:, l>uc 10 the , ariuhilit) ol du,e-rc,ron-.c 

cll«:L, b,:1\\,-cn mdl,iduah, the 1ox1cit) of u �uh,u1ncc 1� I) rreall} c,pn:s!>Cd u� 1he 

conc.:ntrallltn or cJu,c lh,11 i, lethal to 5()0'o ol the c:-.po,ccl population ( l  C<o or I l)_..,J I he I C 

for ga�ous h}drogcn t}anidc is 100-300 p:ins (1(1 million Inhalation of O:),tnidc in lhi� range 

rt"suh, 1n dcalh "nhin I U-6U minute• "ilh dc,llh corning more qu,d,I) 11s the conc.:n1ra11on 

mcf'Q.>CS.. Inhalation of :?000 r.in per million h)droi;cn cy:111,Jc cause, dc:.11h 111th1n one 

minute 1l1e l,Dic for ingnuon i, 50-200 milligram, or 1-J m11l1grnm, rcr l..ilogmm of hod} 

""llhl. ciskul;itcd ::is hi,droscn C)amde ror cont.1c1 11i1h un.1bn1Jcd ,l..in. the I I> ,, 100 

milh11rnm� (a• h}'drogcn cyanide) per 1..iloi:nun ol bod) \\c1ght ,\n a,,crngc I l> 1:iluc h>r 

dcnnisl c,po,ure of 100 mg. l.g bod) "cigh1 \\a1 c,llmaled fur hum,,n, (Ried""- 1971) 

\hhoui;h the 11mc. dose ,ind manner of �""p:,,urc ma) Jilkr, the b1ochcrni�-al nct,on of the 

C)11nlclc ts the !.Jmc uron cnlcring the bod). Once in th� hlood stn:.sm, C)lln!JC hllTll\ a \Ublc 

comrl� '"'" .i fom1 ol t}tochrome t o,iJ3,;c:. un cn,)mc that rrom,,,� the 1raMlcr ol 

clcctroiu 1n the m,toch<>ndnn of cell, during 1hc \) 111111::�1< ot ,\ Tl' \\ 11hou1 rrorcr c-,tixh1\'.lmc 

o"d.lloC funcuon. cell, cunnot utih.-c the 0:1.) i;cn pre!>Cnt 1n the blooJ ,HC'JIII, rnulllng tn 

c�11110,1C h)flO'b or cellular asph)xlat1011 lhc lad, ol fl\Dilablc '")gen ,nu,cs a ,._,fl fn>r1 

.acrob1.; to 11n.1crob1c mnab..1h1m, lc�Jinc 10 the octumulatton or l.!ct.1tc 111 the M ,"1 I hc 

comh,ncd ctrc .. 1 of 1hc h)pcnlJ nnd locratc oc1dOSI\ I\ dcrre"� l the cc,urnl n,n,,,,., '<!rm 

lhlt �n re ult in mr1m1, I') 11rrnt nnJ Jc.it', At hi�licr lcth.11 coo,-c:ntr,u ,n ,, .Jc. 
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Jl'li\onini; al,o oflecl\ other organs .ind s) stcn1 in the bod} including the lu:un. lni1ial 

,>11111111111, of C)anidc 11oi,onin�· can occur lrom c,110\ure 10 20 10 -lO 1111111 uf g.1,cou� 

h)Jrogcn C)uniJc unJ 11111) include hc,uloche Jro\\ ,inc\� \ cnii;o. ,,c.11.. ,md rn11id 11111,c, Jeer

m1J rilf11J bn:athinii. nau'-1:a nnd ,omiting. Con,ulsing. <lil,ucd 11up11', clumm) �l..111 J \\Cakcr 

and n1orc rapiJ 11uhc ,ind �lo"er, �hallo1,cr breathing can follow rhci< ')111rtum, (I I (,ha1n1bi 

cL .ii. 197'i). I ,nall)'. the he,trtbcJt becomes \IOI\ .mJ irrci;ul,,r, bod) 1cn1pcrJtun: folh. the 

lip�. lace .ind c:-.1rcmitics 1al..c on n blue colour. rhc indi1 idual l,111' inru u curnil untl dc111h 

occuf' (llnnung. l1>K� l '>1 1'\. l1>KS), lhcw ')lllfltum, c,,n occur from �ub lethal c,po•urc

to c),inidc, hut will diminish .I\ the hoJ> Jct11,ilic� the J)Oiwn und c,crelc\ It pnrnarib a, 

thlo.:> ,111.itc .1111I 2 111111110 thiu,,olinc -l �-arlltl,ilk nd<l with other minor mc1,11xl1i11:, (.\ I SDR 

I IJIIIJJ 

Plants contain1ns C),1nogl) C11\i1k, ,ire the main .source of C)aniJc c,po,urc for ind1\ldual� 

who arc 1101 occupatinnall) C\J)O',cJ ta the chcmic.11 I he general populotion I\ c,po,cJ 10 

C),,ni,lc, prinrnril) I>> mgc\tion of faaJ and \\Utcr, anJ to II lcs�c, degree. h} 111hala11011. ·n,c

C)nniJ.: contcnl in unpolluted air incmgc, 0.160 0 ICil.o Jll'III (0.1110 0.187 111g/111 ). C.)uniJc

k\cl\ in \mol.c lrom U ',. commcn:i.il c1i;,ircttc, rani;t" from 10 to .fOU µg/cignrcttc lor 

main�t�1111 (anh,1kdJ ,mol.c omJ from 0.006 10 0.27 11!,l,c1i;an:11c tor s11.k ,1n:.1m smol..c Inc 

C).inide conlcnl in Ql).8�. ol public \\Oler ,ys1cm, U\lng grnunJ1,111cr in 1hc L rutc<l s1111c<. 

bc1"ccn 19'13 and l'l'IK <l1d nut c,cccd the nmi.imum co11ccnuu11on limit of 02 me I \kan -

c)11nlde conccnlmtion, h.i\e been reported for some li>od r,roduth. ccrc:il i;rnin\ (0.002 0 ,t� 

11i;;gl, ,o, protein products (0.07 0.3 l'il'S), CllnncJ unpincJ lrun, (0 -1 11glg). commcrcl,11 

fruit ,u,cc� (1,900 -1,t,OO µg/1,). and l S limo t-.:Jn, (100 170 µi: !,!). lhcrc arc no 

comprchcns,, c data on the C) 11111Jc con1cn1 of tot.ii tltct �mpks in the l ni1cd ',tal , \0 11 ,, 

nul po,,ihh: to C\timntc the 11,crai;c J.iil) in1ul.c from (oo.t� C'')aniJi: •� .m e\ln:" d� to,ic 

anJ 1.i.,1 Jclins poi�on; ho1,c,cr, 11 c:.,n be Jdo,ilicd 11111 ccruin c,tcnt ,n du: human hoJ} In 

,er, vn:ill amount<, c)unidc 1� ., nccc��f) n-qutrcmcnl In the hum:in d1c1 .l.\ prosthc11, i;roup 

of t).inocoh.llarninc (\'namin Ul2) C:issa,.i pl.ml incluJmg the ,11,r111,1c rt'OI!'. con&am 

hn:inl!lnnc :ind l01aus1mlln rc,11<-.;li\cl), "hkh hn:JI.. do11n upon d1m.1r11on of run& cell, 10 

form h)dr0£C:n t)11nlJc: (01c11 ct al� fQ<J,I) Ui!Tercnl ncumlogk:il ')nJrom� ia\C h..--cn 

.,,\lici�1cd \\1th c,pcnurc to q�nu.le n,ctal} C)11n1dc c,J!ll,urc from, ,,-..-.\11 root, u mhlncd 

",1h n la,, minl..c of 1hc tulfur nmmo 11e1J5 n«n�r) tor t) o1n1dc t.lc10,llklll1<111 h4• N'Cfl 

,mplicn1cJ ,n the cauutlOn of i;10111h rc1arda11on anJ 1.nn,o, 11n urrcr n1oto1 ncun,n dl'l<'.2"­

ickrtilicd In i\fncil (Rcnl ,g. 111<)11 lhc ktlul d<1'1C 111 �,�111dc fut 1111 .i,Jull dcr,;nJ, 0111li. 
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hl'li� \\eight and nutritional ,t.i1u, ond th,� i� somc\\hcrc b,:t\,ccn 30 .rnd :! 10 flli,: of ti(� 11 

the I IC N c,cecd, 1hc lin1i1 un indi\idual i, able 10 dc10,tl} or 1nler.11c, dt:,1th tnJ) occur Jue to 

cyuniJc roi,on1ng \\hilc: ,111alkr non· latol runount ol C),1111dt: c,111,c 11�111c 1n111,11:at111n 

(I \( 1' ·\. I ()1)0) St nee c.i,�\'11 can "ilh�lond droui;h1, it 1, ,omc1irnc, u 11111rit111nall) ,1r111ci;ii:

la111inc rc,er, c crop 111 urco, of unrcllnblc ro1nfoll, 1hcn:forc the need 10 1dc111il) the nu1ri11onul 

problc111, 1,,01:iatcd \\ith ca,'1,a Jcr-:ndcn,)· and 1hc 11,c 111 home i;n11,11 ,cgclahlc� in 

nballn[ 1h1, \tl\lCh} c�11cetall) in improper!} procc,�d '·"�' 11 1,a,cd ft1od• \lcj!c:tablc 

,rccic� ,11:rn, nrc noted lor their rkh con1cnh of e,,cntial u1nino acid-., ,•itamin, Jnd m111cr,1I, 

l 1111hcr to their rich c:t1111cn1 111 the- menlloncd nutricnh, ii 1s c,tJbli�hcd that grccn \tgct.ihk

lea\\:, ,1rt the chca�-..1 nnd 1110,1 uhundanl MIUl'(C ol pn111:ins b..-cJu"I! uf 1hc1r ,1h1lil} 10

'} 111hc,11c ,11111110 ,1c1d� tru111 11 \\ idc range ol \ll1UJll) ,I\ ,11l,1bh: pr1111,1r} 111111crlul, ,uch 11)

\\ .11cr, curl)Ofl dit,,1dc, und .111110,phc:ric n11rol!cn (n, in kgumc,1 Cl 11,11) 1 10Ult)

I he amoun1 o l  C)anidc 111 the: hlood 1h01 h Iii.cl) to pro,c 10,ic 1s imprcchc ,111J depend, 

hca, ii) t)ll "hen 1111: ..amplt I\ dm,\n in comp:irison lo the lime of c�po,urc the: ,pc"li, 

C) ,111idc: con1rx11111d or C)11nogcnit compQund in, oh c:J, the: roulc of C'<flO'Urc, trcJlmc:111

pn1, ldcJ b<:lorc i.1mplin1, (if uny), and c.nmplc h,111Jlin11 bc:t\\ccn collccuon and anal))l'I> In

Dduh� th� blood C)a111Jc 1c,c1 thJI ,, regarded a� '10,1c" 1s gcncr.111) con,ldercd 10 l>c � I

mi;,l (l9 11mnlll.). and 1hc "fo1..1I" lc\cl i� gcnemll) con,1dcrcd 10 e,cccd 2.<, In 3 111&1 I ( 100

I IS 11moUL) (Yc:aoh c:1 DI� !00 I) lnhala1ion of fire Smol.c uppru\lnrntcl} one founh ol 1hc

�000 lire .ind bum-rclltcJdc:Jth, each )Car ,n tl1c United 'iutcs occur tn children )oungcr1hn11

IS )C:.IN \AAP. 2000 ) In children. 3!J in adult!,, the maJ!'rll) of lire-related death, arc

a11ri1>111c:d 10 ,mot..c inhalation rather than bum, ( .\Al' 1000) Children \\Crc nmon� the

,111ol.c•111haL111on la1ali11c:s in 1hc \\ldcl)· publicilcd apartment lin:s ,n the Pan"" I ranee urc.:i

Junng 2005 (CNN tn1ema11011.1I, !006). In one: apurtmcnl lire tn \ugu,1 2005, 14 ,,r 17

1a1alhic, \\ere of cluldrc:n. In a -ond ap:inmcnt lite �ho 111 \U,!11' 2005, � ol the 7 fotahti.-s

\\t:rC ol children C.:hlldn:n ,11'0 dtcJ in II third llfl,1rtmcn1 lire n \c:ricrnbcr 200S

C)'lln,dc 1, nn Important eun1r1hu1or to lkath I>) ,mokc inh�Llllon '1!ld I\ 11r.-,scn1 111 1hc t,tood of 

fire ,,c"lims (rci;urdlc<, of ugcl in mo,1 c11s� In ,1 mclll•Dn11I)"' of ,mol.c-inhlll• 14111 

11"°'"1111cJ 1k:11h, occurrtnlJ 1n 7 m3Jnr Jlre in<;1Jcnl\ froni t'l71 1, l'l'Xl C) Ide "a' t :-iJ 111 

1he vlc:tiin�· blood 1n c.Kh ,1ud) 1n \\Inch 1 1  ,,11, m�•uttd 11\tartc 2tl02) L":ir1'.l,)hcm< lot, n 
Inch toncl:i1cd poorl) "1th hlooJ conccn1na1ton< of ca!Nln MOIW\ldc I he r;r, ,f

bului.:, h.1�1ng lctlul Mc"-.d ,.,,nccn1nat1om of ,)Pnld� r.in cd fn 1 11•. 111 Ii 1n 1h. "" 
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1nal� ,i., In one lire ..ccnc for c"1111ph:. 10:>.ic blood concen1r.111011, ol c)anidc \\ere 

1.h�l11ncntcll in 117� of, ictim,. allhuugh onl) 71 i. hud 11 c,1rbo,) hcn111glubin h:, .:I c,�.:cding 

30�o. ,I limJing ,uiaic,tcd b) incotnplclc da1.i trom other ,cc111:s :i, \\ell ,111d su11gc,1111i:; .i cau,c 

ul dc,llh oilier than c,1rbo111nono:>.idc 1n lhc�c ,·ic1im�. Con,i\lo:nl ,, ith the rc,ull\ of 1his mcla• 

.111.11) s1� other ,tudic, ha�c found c) anidc in the blood or 62�1. to 11,� of, k11m, 11 ho d1ctl 

(llarillo c1. al.. I 994). 

I lc1a11:J blood C}�1111k conccn1n11iun, h�,c been found in childrcn c,1101cd 10 lire: �111nl-c In o

,c111i11nl '-llld) of lh, n1k ul C)t1111dc 111 ,111ol.c•i11hnl11tion ,njur) and dcJlh. 30 of the IOI)

, icthn, or ,11101.c inhalauon in rc,11knli31 tin:1 in 11,irl\ ,,ere) oungcr th,111 I I )Cll"- I Baud cl

.11 11)1>1) \111001: 1ho,c 30 children. 13 died nnd 17 ,ur1i1cd C)anidc \\ii\ 11rc,cn1 an 001h

childrcn \\IIO ,ur. 11 cJ (mean conccn1n11i11n: 27.� 111nol l,J 11nd 1hosc ,,ho died (me.in

concc n1rt11ion: ti7.0 µ 1110111 ). 13hxlJ c,110011 rnuno"idc conccnlrJllon, \\Cl'C bch11, I hc- lethal

lc,cl in ,omc children "ho ,ur,i,cd ond�anc l\hoJicd, a rc,ull ,uia:c-.11111• \\hen c1,n\ldcrcJ

,n ,l,nJunctlon \\ ilh 1hc prc�ncc ol t}unidc 111 their blood thJI c)1111idc ro1wninr urul or other

c.,u-.c, ul h} po,hl inn) hn\'c contributed 10 their di:.ilh. I he ge neral populn11on ma) he

c,po,cd 10 c�Jnidc tram amblcn1 nlr. Jrinkinr waler, und food B.1�d on m1 ,llllll"l'hcric

h)drogcn cyanide con,cn1r,11iun of 190 ngim1 und an a,crai;c: d.111) anh 1la1iu11 of 20 m' Dtr, the

inhal3uon c:-.po,urc or 1hc gcnc�I US non-orb.In, non-,mol.ini; population 10 h)drot;en

c�:iniJc j, c,1imatcJ 10 be 3.8 11i;'Ja) (ATSOR. 1997) "hik ba<cd on a dail) drint.;ing-\\alcr

�ornumpuon ol 2 1i1n.-s lor un 11Jul1. the dail) m1ul.c ol c mo ;en chloridc i, c,11mn1cd 10 be

O.'l I 6 µg (cquhulcnl 10 0.1 0.7 µg ol c)·Jnlllc) ( \ l '-Dlt 19'l7J lor C).tn()fcn �hlondc

con.:cn1ru1i1111, in "'ucr ol U ,,IS n 8011g:li1rc (0.19 0 3-1 I'll C)illltdeilitrc). \mon111hc scncral

po11ula1ion. ,ubgroup, \\Ith the highC'>l potcnuul ror c,po,urc 11, c� Jnid.: Include ucll\C unJ

p.1�,,,·c ,mol.cr. inJh 1duah 1n, oh cd in largc-..c�lc Jlf\-.:C1\lni; or food� high m C) nnogcmc

gl)'tO'iidc,. indh·iJunl\ coniuming food, high III c)nnogcnic SI} ccx1d1..-<., and, 10 n l�,;cr

degree. firc•rclitcd ,mol.c mlrnlauon , 1c1im\

2.111i1 ,n1r,r or l'01so,1i\<. ,,u ,,-r1no·rrs

C)'Ultdc produce� u rup1J on-cl u! 11,1:\1-.,,. ,,hteh must h:nc: , lgorous und 1mn\C'\11:i1c

1rc:a1JT1cnl 10 prc,c:nl the IO'.\IC \)ndromc: Io ot,1am l>cncr rrc11cc11un, 11 -enc• ol OC\''""

11nuJ� .:i1hcr 11lonc llf an uJJunc11on '"'h the tl1n,ro111,n�I lrcJlrtenl\ h.l,.: l,,:;:n ,·u: · �

(\\a) cl al, 1•1R-I) jhom ct al. !IP.IS) n,cir mc.:h�n•un t•fDCll<•n. ell\, ) nJ I ,1,,1, tu,,

ll 
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been rc1 h:,,cd .i, r,1n of :I Jl1ifll IP( s (l'Nl I' 11.0. \\ 110)'(. L.C rr11JC�I Ill Cl .1h1,IIC anltdlllC\

u,cd m 1hc 1rc,1tmcn1 of cy.rn1Jc poi,unrni; (Vanl kt)\I c:1, .11. 1990) \ \\Ide 1ancl) ol

co1npounJ, h,I\C bcl:11 u�d .i., c}Ullidc 11111tdolc\ and 1hc> h.l\C hccn d.,,�11icJ inn, four nt.1J1•r

s111up, h,1).:d "" lhcir n1cchun1,n1 of action Sca1engcr.. l)c10,1ficu1tl•fl, Jlh) ,1o lo�1cal and

Biochcn11�.,1 (l,l111t, 1'>95). 

2. 7 I s,•111 cni:cr,

I hc,c an: con1pou11J, 1ha1 111ac111 nh: t) .iniJc b) bmJinll it or b} fom11ni; 111clhi1c111u�l11hm,

\\Inch in 1um �cquc,1cr. cy11ni1k

11. \ lc1hc111ni:lnhl11 rorinc�,

Ille b-1,ic ahn 11f lilpid Jc1u�11ica11on of cynnuk i\ pn:1c111111n or rc1cr-al of 1nhihi1iun 111

C) 111d1ron1c u,id.i,c b) t) ,1n1du. f Ill\ Ii 11\11all} uccompli�hcd b) pru11d1ni; 11 large pool 111

lcrril: iron 1111hc lorm of mc1hcn1u�l11bin lo co111plc, C)ilnidc C) anide pn:fcn::111111II} cumpclc�

\\ 11h 1hc IC� or n1c1hcmol1IOb111 i1!1 tOlllJl.lrcd 10 IIMI of C) 1ochr11mc U:\IUJ\C, JniJ C\COIUJII} 

bind, \I ilh lh� lonncr 10 fom1 c)'llnmc1hcmol!lohin (Jondorf. 19,16) lhcn:by. 1hc ,1Clf\ 11) of

mhib11cd ,;)'luchromc: O'l.l1huc I\ rc,1orcd !he ,urioui mc1hcmoi;lohin ronncr-, cmrlu)CJ 11,

c�.iniuc an1ido1c, include:

(ii \m�I nltrik:

In� ,I.at, Dn of .im) I nilrile Mn fir-I ,1id mc�urc 10 e) onidc ro1sonmg "kno1,n rur man) )Carl

(V11nltc1j,1. 1987) llo"c1c:1, 1hc: eOic.iC) of am)I nnrhc .1� mclhnnoi;lobm inducer remained

Jisru1cd on ,,c,011111 of 11s inab11il) 10 gcnc:1111t 1nc1hcm" lobm grca1cr 1h;in b"• (Ha,11nn,

1959). ,�111h: nbout Is,� ,� rcquircJ 10 challenge one I l>�O do\C ol C) .1n1i.k (\'anl lc1J!ol. 19117) 

i-.o" the pro1cc11,c: cffccl of 11m) I n11ri1c is .11tnbu1cd 10 i1, 111�ilutol'} clli:c1 1h.11 c.in rc,crlt

the dlrl) c):inlJc iniJuccJ ,a,ocon�1ric11an. ,\nificinl ,cnti1011on '"'h QJTl)I n11n1c brof..cn 1111,1

omhu b3gs h.u b(cn n:poncJ n, D life sn1 ini; 1hcmp) 10 t):in1Jc poi'il•n,-J I.log., prior 1,,

,ndutlion of�ign11iain1 lc�cl of mc1hcmoglob10cm1.1 (\ icf.. ct al 19!15). 

(iii \odium n11ritl':

1 , � mulu: (',N) 1, the mo�l rrc,alcnl drug of d1oi,c for C).tn1dc p,_,,...,,nmg (lbcn ,'t .ii

19S2/ \\ hen t:"cn 1n1ru,cnoud) (I., l 11  LD!..c, o1'oul 12 min 10 i;cncru1c 11wn•\lnutcb ,u,..

rf fflt'lhcm�lohin fVMllctJ\l. 111871 ln,ritc oflhl\ Jcl,t) 1, I Ju,;m • u" ntlic nl k,cl ,,f

mcd1emv1Jllihl�ml!l, II rc:u.,n:ihlc rr .. c«o :i 111£,rtd I>) '-� ,:in b( u ... 111,cd" 
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prop,:n, tVnnl lcij,1, 11/'lO) ,\ ,criou, drJ\\h.lCI. \\llh \� 1s that tinlrJ \Cnou�J 1.\

admin1�1rJl1on ma} bl! acco,npanied b> �crious cardio\ a....:ulur en1b,1rrJ,\1nc:n1 panu:ulJrl} in

.. hildrcn, lor \ \  ho111 ,Ill ,1dJu,1cJ do�c; •� n:co1111ncndcd ( Ucrlin, I '>77) <iin .. t \!\ induced

mu1h�1noglobinc1nlll i1np;1ir. Ul'.)l:tCII trun�port. ii canr101 be rccu111111cndcd lllr lire , 1,11m�

\\here in 11111\I 111\11111,c, 11(1' c,po\urc i, uccompJnh:J h) ,,1rh1111 1110110,i,k poi�onrng

\I h:allh C'.111,1da :!002). <;jjncc carbon 111ont1\ldc nl,o irnp.1 ir. O\) 1!cn cam Ul� , 1p.1cll) ol

hlo11d, mlmilll\lrJliun ol S'\ \\OUld lunhcr ,1ggn1\nh: the h)pu,it cunuillon \'\ 1, .ihu nut

oJ\l,cJ lor md t\ i1h1ol� \\ Ith !!lucosc· b·phO!>ph.il. Jdt)drogcna,c c<.,bl'IJ) Jct1c1cn1 red cell\

h«'.iu� ol po�tbihl) ol ,criuu� hncmnl} tic n:at1tl111, (\uni lcijst I 'IIJO)

(ill) -I· lllmclh� l11111lnuphc11ul. 

llw n:l.11t\cb ''"" r,llc nf n1cthc1nol(lobin liinnutlnn h) "'N rro111p11:d the Jc,clormcnt of

n1p1d mcthcmoi;lobin lllnncr., like amlnophcnnl, -1-Jimcth) laminophcnul (lll\1,\1') I� the

trcJUncnl of choice lor C)ilnldc pul..,,ning in <.icrrnJn) \ do ,c ol 1.:?S m1,;1l.11 1 \ ol 1)\1 \P

\ \J .  r,:portcJ 10 pnl<lu"c mcthcmoglobm k,c:1 of 30 o \\lthin 10 min unJ 1.s•.

n1cthe1noi;lobinc1ni.1 \\a\ au.:iincd whhin one minute wilhnul an) immediate dlcct on

c.ird10,·a\cular )>)tc:rn. IIO\\C\cr. there arc dHTcn:ncc, in individual susccptibilil} 10 1)\1,\P.

"hich 1113) rc5uh man undc�irnblc lc,cl of rnc1hcmoglobincmiu c,cn oiler nom,al therapeutic

do,c, 1V.inllcij,1. 19117) lntromu�culor inJcction of D\1-\P rc�u11, in locnl ab,;cc,� .1nd rc,cr

11, clini,al application n:m3in� limited o n  accounl or it, other 10,icologte:il 1mph,;;i11on, hl..c

nepl ro11,,k1t) I \\"cgcr, I 9Kl). Co-ad111111 i,trJ1ton of o reduced do,c ol rJ111J n1e1hcmoglob1n

inducer lil.c 1)\1,'\I' and ,t \lO" inducer hl..c .,, were ulso lound to be un cffccthc pre·

tn::itmcnt J_,110,t ncutc C)ilnhJc po,wnmg 11,1, 1ci:1111cn b> , inuc ol :i protr:istcJ orttn3l

1c,cl of mcthcmoglobmcmi:i prn,idcd ,u,tuincJ rrorh>•la,i� m r.11, (llhJlla<:h.11),1 ct ol�

1991) 

th I Othtr mcthcmo�Johln rnrm<":

11) .. r' v bm,-,c ti I,\) "1• )Cl 1.:.no 1hcr rop,d mcthcmogklhin indu,cr t..:NY�na ct al 1982)

th:it "a..' cndn,,cJ "hh on llllticon,ul,l\c pn,fl(rt) (\\'ood ct 111. llJ7SI In uc-, 01 C),Ulld<"

,nduccJ con,ut,,ons 3nd the 11n1c11� ofl)\1.\1'. the cllk:te) ol 11,\ so ndm111ls1rn11on "1th,�

"u oho cum1ncd 1n 111t\ tOh.-uuchJ')D ct nl 19'>3) \hhou11h, th1• n:g1mcn m1n1m1\C\l thr

c,nnid<" 1ndo-cJ ,nn,ul,ion\, II \\�\ le" c1Tcct1\c iu cnm�n-J 10 ,:-. t1l\ll\l' tl\'a'm. 11 In

oddt1Kt11 to rrorh)lll\11. to o<lrtnl\trn11on of ,N onJ ll\11\1' or II\ ""',: 111-.• ell, 1 ,c

ihctap:ut".all) 1llh;i1ucluf)II 11i'IS) but their .:,11opol11i,1n II• hum;in• "inn tcJ c -.,-, ,n
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,,c,, of the r,cr,htcnt 10,itil) ut ,11.,.,c rcgintcn� (llhatta.:hana 11nJ ..,L cnJrun, 19921 I he

c,1rJio,a\cular imr,lication, anJ poor phannacokinctics of�:\ led to c,alu.111011 nf )C:I unothcr 

11ruup ot 1ncth,1cn11111lu\11n lnnncr, , i, a1n1nophcnonc:s JnJ 1.krl\ nu, c, jl-;1111in1•prop1<1phcnonc 

(I'·\ rr), 1, • ,1n11n1w.:u1110) lphcnonc (l'i\OP). p -nitro�up1opiophcn11nc (P�rl'1 11nJ p -h>Jro,) 

Jn111111pr11p1,1phcnunc (Pl 11\Pl')I Out of ull thc,c agcnt, P \l'P \\,1, the: 1110,1 clh:cthc II\ 

pn111h, l,L\1, ( \ l.irr. .ind llrai;hL 1'11!6). \oothcr ,1hcm,11i\ c 11c,1t111cnl ul ") ,1niJc po1w11111g, 

111,01\ing ,tromn free ,ncthcmoglohin \Ohllion ('ii \ IS) ",1, propo,cJ b) r l'll I,) cl,; ct ;ii ( I en 

I )cl. ct ,11. l1ll1S) lntra,cno1" .1J111ini\lr.11ion ol 1h1, ,111t111on Jld 1101 imn,1ir the o,)i;cn 

.:,Irr) 1ni,: 1,;ap.icil) ol hlooJ 11, c:nu,cJ h) 1110�1 other mcthcmo11lobin tom1cr. unJ J1rl'tll) 

,cquc:,tcn.'11 C) aniilc 10 pr,,1"-<:I o � \ I I) ., do-.c of sodium C:) oniJc: in rut\. I I licJc, and ,-.ifct)

ul th1, ,1111id111c rt11111i11, '" be determined In larger ununal�. 

h. Cohnlt (11n111ln111g compuunch:

( ob.lit ion \\h1ch lonn, a ,table 111ct.1I com pk, \\ ith C> unidc ii an clkc11, c thcmpcullc ilf!CIII

Jg,un,1 �>antdc p.,i.,..1ning (I 1nncll 1987). \'3riou, cobalt conto1n111g compound, l.11,,\\11 10 

antasoni-.c C)anidc (IOisonmg include· 

(i) Oicobalt ctlCIIIIC (k.CIOC) ,inor):

I hci. agent (300 cng of J1cob.ilt cdcutc in glucose \Olution• 1 , ,) h the cum:nt treatment ol

chuicc in rrancc ilnd United Kingdom 'icriou, �1dc: cn«l5 lil..c ,om111ng. un1c:1nJ,

anaph)lxtoid lhOC� h)po1cn,1on and ,cntncul:ir arrh)thmi:i\ ha,c been reported 111 ru11cr1,

n:cc1\lni: t;;cloc) ,mar (V .1nllc1j,L 1990).-

(ill lhdro,ncob:ilumln (\ 11.11111n ll 12a): 

nu� :i •cnt i• pcrhJp, the mo,1 promising C)Onidc antidote used In hum.u1 10,kolog) 

(\'11nllc!),t, 1�87), \\'ith the c,.:hangc of h}dl'\•�>I group or h)Jro,c:,coh.ll;unm far C)lllllik. 

non-1o,ic c,1111ocoh:llamin (Vitamin O 12111 formed llo, c,sr use or thi, on11Jo1c lffll.l',cd 

hmitcd on 11�ount of the l:irgc do� n:qu1rcJ to ch.ilkngc: C)aniJc f'Ollo<lflllll! tC hhlom ct al 

t•>t.7) \n injcc1:1bh: solution of h)dro,ocohal;unin (5 g 1n \\atcr) 1, nO\, n,n,bblc in I run..--c 

11nJ c,crnuny In I rnncc 11 �g h)dro�ocoll.1lnm1n �hnlon in Kil ml ul "°''· ·;n 1h111wlflh.'alt' 

1s1,1 ha\ al<O t>ccn Jc,clOf"--J RcconkJ ,1Jc ctlc,1, c>r h)dm.,L="-'�'llm 1n;;I� 

on:irh> 1x10IJ rc.icuon• 1111J ncnc 
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(Ill) (l(hcr c11lu1II cu1111 1011111h: 

t ob.1111111, d1lor1d�. ,oh.Jhou, �c,tatc, cob:ih l11�1iJ111c untl '-tlli1u111 culuh 111tntc ,re ;1l'1t1

rcp-,11c:d 10 ,111tni;ut1i\c C)llnt,k rol�untnl! ll011c1cr, none of th,111 ha\ hccn u�J chn1�.,II)

(l 11111cll. l1lll7J,

c ( \ 111111h1 ,lrln I 111111c� 

( ) ,1111,k h ., 1111, ,,opluk l.1101, II lO ICBCI W 1th I 111i11U\ cnrhllll)) 111111.:IIC� ltl;c l,;cltlnC) und 

nlJch,Jc, lo ) ldd C)1l1111h) Jrln 1k11111th Cl (\\II), l'IK I) \odl11111 P) CU\ ,IIC 1\11\ l<'jlilr1CJ lo 

cllet:11\cl) ch:ilkni;1: 11.:utc C),tnlJl· J'lHM:11111111111 1111cc (\d11\11r1, cl 111., 1•11111 ,\nothcru 

l.c1i,;:.11l"'') hi.' nc1J hl.c u • l.ctollltttniic: rr�,J (u -KC,),, eLrrcnll) bc:inl! pur.ucJ 111tkl) II\ 11

�>11n1Jc u1111,1,,1c 11>11lom:) ct 111 l\111l l l'r,,1�11,c clletl of 11 .i;:c, 1,11� 111,o 111>'4:r,cd ,ri:.s1111t 

.:)lllltdc lnJU1."CJ .:,,11,111,11111\ In 1111cc (Vu111a11111111, 11)11111 u -Kt, either alone or tn 

'""'1hin.i1loo "1th \� nml <tr s I, u11c11un1cJ 10,"tt)· 111 rnlce �Jl(I\CJ 10 C)dlltck through 

JtiTcn:nl rout� 1Uha111ch31).i nnJ Vljll).1111£'1.:i,nn. 1 1>111) l'rorh> latllc or 1hcr11rcu11c .ill.ht) 

ot a -Kl, "a' :11�, >hO\\n 10 t,,; nutimcntcJ b) o,)gcn (l>clhurncau cl 111. l'l'll) l')i1n1dc 

1nJu,;i:'d hi�1010,1c h>J10'la '"" rc,cNJ h> ·"- u u "h,ch \\iJS round tn be 111(1rc cffc,11,c 

\lun .,,lt\lh ,-J.:1.Jtc onJ sodium J')rll\11h: ,\hhoogh, chm,111 t11JI� ur 1h1, 1111cn1 "� ,)itnkk 

antiJolc � nol )Cl t>c.:n comluclcd in hum3n,;, N\CJ on  the promi,1ng rciults 1n cJ11ic11mcn1.1I 

.sn111u1'. It ,� prc;.cntl} Cl1\l\agc:d �, u ro1cn11.1l untiJ,;ilc for cyan1Jc J1(11\0llll1&, II I\ con.idcrcd 

"-lfr llS orul fonn or. a f.:Ci ,s '.>OIJ os nn o,cr-1hc c-01Jntcr nutritional ,urrlc�nl tt.:L:un: 

l..ab;ntnn� '-;in \IAICO� (' ,, (Dul�nC} 1:1 :ii" 1991 ). 

l.'I ('\ ,:-.oc,l , IC (,I.\ C 0,1111 ._

c > �ic 6 • ' 111 • 101, 1n hteh occur 111 111 li:-ll\t 2000 rl1m ,r,cc1C1.. of "hich .,

rn,m_t.er o>f ,pcc� nn: used :i, food in '-Olllt: nn-a, of the 11orld C1WJ,11 and �hum arr

npc-t1alh ,mi,orunt supk fno,h con1Alntn1,1 c-)anogrn" gl,cmllk\ tC onn 111711. '.:rt.."

IIJ10 O\.c 19W 1anJ H.Mhni;. 199.SI

I� arc llrrrt'"m:i:el} 2S C)11nogcn,, gbcaudn Lnn"n lb: r,;ic.. ·,nul 1 ,�, f 1

�,-�,--,,"- rlmdcpcndt rr nl) on 

ht If the rwrt ,, ,, nsumcd ra"' m 1nwffi.1Cnth l"f'"'c,\t'd. 11r, m.1) t,,; r.�-·--

I , I 

t,uJ I lthth\l pllof1hcuorn.,,;.hdc=.h\ 1 Jl !u. • - "

r 

) '4 t.: rr icntl> � ,111( I! '" ""

Ill>; \ rL In 0ir f id 
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\c,crnl f11,1on. arc important in this 10,ic1t). I hc lirst 3,pc:ct ,, the pl\JCC'>-\10!;! of plJnt

products rontaininl! C)3noj!cnic ghcosidc, \\ hen the 1.-dible part, of  the pl11nb arc maccrJ1c-J

the C-Jtaholic intraccllulor cn,,mc t\-clucos1dJ.SC c.in b,: rclca..cd, �-om inc into conuie1 , 1  uh 1ht-
. 

. 

gbco,idc, I hi, COl)Oll: h)drol>ZC!> the t}mogcnic gl)ct1,id"' to produce h)dmgcn C)�lli1k

und l!luco·.c and 1-.ctonc, or bcn1.llldchytk 

n,c hydrogen C) a.nidc 1s the n1ojor to\lC compound causing the toxic cni:c� Planl pnl\luct.s

\not:ibl) ca�'>tl,o). 1f nol adcquatcl) di:to,ilicd dur111g the pro.:c-»IO!! 11r prcpara111111 ul the

loud. ore IO\IC �-c;iu-..: of the rck.i-.c of thh 1irc:fonncd h) tlrogcn C) :initlc

the ,econd .1s,pc<:t 1, the dirccl consumption of the C) anogc:nic: plilnt. �loccration ol ctl1ble

p.1rt, 111' the 11lunh ii'• the) arc eaten can rclctl\c �i:lu�o,id,1-.c I he  ll•i;luco\1tla...: I\ then ·"1i1 c

until 1hc lo" pll 1n the )tomoch dc,1cti1,11c, the cnt)l11C, ,\dd111onall). II•� po,,ihle th.it p.1rt ol

the cnT)mC fr:iction can become n:acthntcd 1n tl1e oll,.:iline cn1 ironmcni of the gut. ,\t lcas1

part of the po1cn1inl h) llrogcn c}·11nidc: h n:lcasetl, nnd m11) be: rc,pon,ihle for JII or (l,lrt ol 1hc

IO\lt effccl of t)Jnogc111t gl)tosid� in lht c:,1\CS of ,0111c loo,h. In hun1ans, C)'IIIH<k 1,

dcto,ilicd b) 1hc cnz)mC rhoJnnc'.IC 11hich cun further con,crt nlDJOril) ol thc cy,inhlt tu .i

le,, IO\IC 1hioc)anJtc 11h1ch i, c:,cn:1ctl 111 urine:.

2.'> I.I· \ fY VI'(;! ,1,\ 111,1.�

\c1cr.1I ,csc1oblc spc<-k, ahound in :0-:1i;criJ and 1110,1 \\'c,1 Alric.in coun1nc, \,here 1hc) .in:

used partl} a.s condimcnL, ur ,piccs m humJn Jic1, or J, ,u1111lc111cnlJI') f1.-..-Js 10 li,c,IDI:� ,uch

a, rohbil� pouhl) and s,,ine (Alc1or and Adc:01!Un. 1995) Leaf� ,cgctabli,. on: impona111

ll<-"111' or dicl 1n n1an>· N,gcrian home, ll1c� ,cgc:1abh:, nre har.c,1cJ JI .,II ,toge, of _:ro\\lh

and red either a ,  prtKc,,c:tl. ,c:1111-procc-...:J or rn:,h 11, 1111111 \lhilc the) .uc 11,uall> ollcrctl

f�h 10 1i1.:,tock. ·n1c nu1n1ional ln1crc.\l in ,omc of the� ,cl!cwbk pc,:lc, ,tern, from 1he1r

r,d1 co111cnh of c,·.cntlal nmino 11c1d· vuwnins and mineral, I uniter 10 lhc1r nd1 c,,1111:nl of

the mentioned nu1ric:nh. hi� t>IObli,hc:d 1ha1 gn:cn ,c11t1oblc lc.11c, an: 1hc chcap.:,1 and mo,1 

abund,,111 1urcc of p101c1n, b<.-cl!U.C or their obilil) 10 lo)nlhcsi,c amino .,crd, from n ",J.:

r.in�.: of \lrtuJlly a, ail,1hlc primal') ma1cr1nl\ ,uch .i, \\�lcr , curbrn1 tllo"dc uml .iuno,phcric

nitro1;cn (n, ,n lcg111nc,) (I 11,11y1 and \lc111r, 2005).

\pJrt fr ,  n lhc ,.incl) "hich 1hc) :add 10 1hc menu. lh�) nrc ,1>U1lahl c •1our�c, 11I nutncnh

�pa:,nll) ,n niral o,c.,, \\here 1ftc) contribute ,ub,t.inunll) 10 p,01cin fiber .,nu 01h.:r

nutucn1, 1,hich nrc usuJII)' 111 ,hort surpl) in J.111) diet, (\ln'1JJ. 1'1111)) l11e, .,JJ nn,\ll,

-lk 
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\anc•>· IMIC, color 11nd oeslheuc appe:1! 10 \\h.11 \\ill lllhcr\1i� be a monoton,,u, did lh�)

arc in 3bundmcc !Jlortl) allcr the rain) sc.1son, bu1 become 51:an;c during \,h1d1 cull11a1cd

l)pc' ore iocd. I cat) 1ci;elllblL"'\ arc among lhc ca,i�110 obtain and gro" in 1hc 1"1111, I he)

ore good -.ource� ol d1c1ar. fiber, protein. vi1amin, ,\, C. :ind 13-complc,. mmcrnl� c:<rctt:illl

calcium. iron. mogncsium. and pho�phoru, and Ju: IOI\ in cJrboh) dmtc, anJ foli.. D.ll'f.. grttn

leaves ore usu:ill) mon: nu1ri11ou, 1han hghtcr or 1cllowiui lc?a\L"'\ �I.in} h:.if) 1cgc1abk, al('

pcrenni:ih and ) icld u,cliJI fooJ 11i1h a minimum amount ot labour.

2.9.1 Tt:LF \IRIA OCCll)El\ I \1,1S

lclf11Tr/11 11ccftfr11r11li, i� ,1 1ropicnl vine grown m \\'c,1 .\frita a, ;i le.ii I c •ci.tlilc Jnd for ,1,

L-dible seed, Common nam� tor lhc planl inc lude Oulcd gourd Outed pumpl,fn. irol,n. anti

ug11 u I he  plan1 •� diOL-ciOU"- pcn:nnml. and drought 1olcr:1n1 II i, u,ually i:ro"n trcllt!oCd in

l',11:cna Tel/111rin ol tl1ffcrcn1 ,pc:cltC� an: al'>O gro11n u, lc:al 1c:gct.ablc, tn other tropic.ii

n:i;1on, or 1hc 11orld including 1ndt3. Uanglodc-.h. �ri I .inka ,ind the Canbl>l:.1n, II i, aho

gro11n to -ome c,1c:nl in South l:'nsl ,\frica .ind I.01in ,\meric. l,•lj111rlt1 "clj" tli�-d in the

tribe }"1IU1<'11t• of lhc tilmil) c11c11r/1111ic,•ut: o.nd commonl} referred 10 J\ llu1ctl putnpf..tn 

1<·l{t11ri11 \P,:C tC\ ho1c been found 10 be rich tn prolcin (21 - 37�. cr1. o,h ( 1-1'},). fol ( 13�,I

and librc ( 1 l�o) ( \l.oroda. 1990). I ,lf11iri11 spt.-c:ie, ill\'. also kno"n 10 be rich \ourcc, of 1ror

and cs...:nliill foll� actth mal.t ni; it dc,imbh: M cool.mg 011 lhe essential J nin o acuh content,

compare fo\'or.ibl) 1\ilh 1ho,c of import.ant legume, (,\,i�gbu, 1987) uml the h1�h con1cn1 nf 

n1incr.il and 1-ilnmin nutricnh cspcciall) I c \lg nml K. caro1cnc ant.I \ilon11n C ,, rc111,1rl..11tilc:

nrnl..ing 1h.: lca1c\ potcnually u•..:ful a, food ,upplcmcnll \nolh(r cconnmi. 11ml nu1ri 11on.il

atli.inl,ll!C uf /r/{t11ri11 plnnt "11, di:M ugronomk ,upcrionl) O\Cr 111,111) plan t pro1cin wur,;c, 

lltc: large (up 10 5 cm). d.irl.. n:d seed ,s nch m fµI and protein. and con be: ca1 cn l\hlllt gmund

into po\\der f11r ano1hc1 f..ind of wup. \lany le.if) \cgct:iblc, ore pcrcnni.11' and � tcld u�lul

food 1i tlh a rninimun1 Jmo1m1 of lnbor, Le.ii 1cgc1nhle, rc:,Jl(tml Ill\ onihl> 10 lcn1lc gr,111 mg

condition, hi!!h in nitrogen. 1'1u1cd pnmrl.m (T,:lft,,nn oc.:11/,•11111111 llool) bc:loni;, 10 the

fam tl� "" 11,111,,,,.,.,, <1nt.l 11 i, ,mp t1f commctcinl impon,incc i:1011-n ocros• 1hc 1011 lanJ

humid iroric, of\\ est ,rrk.J c'-'if!cr10. Ghana anJ Sic"a Leone) being the maJor rrodu,cr..

1:-;1..uni; cl 31 2003), ho11c�cr 1hcrt " no 1dcnliliahlc ,nfom1a1ion on 1hc crup in tcnn, ol

�gnciic, (1,\0 tQ92), 11 11 a ll ''l>picul ,inc gro1,n maml} ft>r lhc lco1c\ 11hi.:h con�i111tc an

,mpon:in t c01nponcnt of the diet ol man) p<eplc 111 \\ c,t ,\lrkan co11111r11:, (< 1111 19KK.

I ai;�m• cl al 200S) Dnd lt•r ili cJ1t,fc �d

Ill 
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The: }Ouni: ,hool!. nnd lca\C!. ol lhc pLlnl arc 1hc main p.111, used ,n �up I he pllnl ,,

J10(c1ou,. perennial and droui;h1 tolcran1. 11 1, u,uJII) gro1\n u·clh,.:d II nct"J, .i 11.:ll-dr.uncJ

"iii. -.omc: ,,a1cr nnd some sun. n,c \ inc, "ill climb up 101 S mc1er I he 00110:r- an: \\h11c- and

Jar\ purple The .c, of nu1cd pumpkin 1s difficult 10 kno" until oiler llo"crin "h1ch 1al.c..

nhoul -l month� ofter planting. lllis 1s J mJJOr con,1rain1 10 its production flu: female lca1c,

,irc prcfcm:J b) 1hc ho1n.c1\ 11c, and ,1rc 1hcrcforc in higher dcmanJ (,\jih,1dt c:I JI �006). I he

green lcav<.� of fluted pumpkin, i,:cncrnll) c,11lcd "11/!1111" arc 1\cll kno11n in 'iouthcm '\1gcria

bc.;au!IC ol their plca�1111 111,1c TI1c lc,1,c� ore rich source of pro1.:in, 011, 11Jmm, .1nJ mincrnh

th al enhances. nouri,h, pro1ce1 and heal the bod) Ille sn:cn lea, c,  ore 1011 in crud.: lib<r rid,

�urcc ol folic uc1d. cnlcium. llnC. pomsium, cobJII copper iron. , 110mm, ,\, C und h. and

also h,11c mcdicinnl ,aluc (LadcJi cl al 199S ·\Jihal.lc cl ol 2006). Rcla1hc 10 mo,1 common

1cgci.1bk,, 1L, pro1c1n con1cn1 1, high (Okoli and \li.!bcogu 198l, I ,1Jcji cl al 1'1951 lhc

h:,1vc, Dnd �hoot are consumed 11S food. lhc pl.1nt .il-.o '"'"'"'" cun,idcrablc amount ol nnti­

nutricnt� \UCh 11� ph)lic ,1cid. tannin and s.,ponm "hich could also h11,c omc hJ1,1nJ,1u, hc.illh

clkcb on ii\ coo,umcr� (l adcJ• cl 31 1995. ,\jilxldc ct "' !!006) I )uc 10 lhc r1chnc�s ol the

lca,c, 1n iron it j\ used to cure 11n1:11mi11 (:\jib.ldc ct al 2006). 1'111: �ccJ, arc alw rich in 011

\lorJi:c rc,cf\C\ ho\\c,cr ,II pn:,cnt it hos ,cl) 1011 commercial ,aluc ru. an 01bccJ. hul 11 l­

po1c111iall) ,aluablc .i, 11 high protein oil\ffil for human 1111d animal food (Gium1 cl al lfl'l'l.

N�ang ct al 2003) The oil) seeds ha,c laei.1ting properties am.I an: 11 it.lcl) con,umcJ h> 1hc

nu�tnl.t mother.. (Ajibadc cl .ii 2006).

2.9.2 Scicnlifk Ch1"ific,1tion or (l!lf11lrl1111rcitle11tall1

li.ingdo1n· l'l�111,1c 

Oh i,mn \.l11gnolioph}lll

Cla,\ \.loi:nollop,id11

Onlcr· Cucurl11btnlc•

I ,1m1I) cucurbnn,c:ie

Gcnu� I clla1n,1 

Specie· 7 11rcitl,·111u/i1

SouKC ,\l)CIOJJ, 2006
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Trlf,ur111 oc,•1J.•111nlu · rich m ,ulphur con1J1111ng amino acid mcthionint' and c� ,tcmc :ind II 

" a blood purifier ( ,\i}cloja. 2001J), lh, mL•1,1urc:, crude protein lipiJ. ,rude til..:r of the 

,c:gct.ibk is 'll 'l0
o.l.8°>u, o.s,:. and 1.-l"• rc:,pcc1i,c:I) "hilc the k. ,a. C.1. \1g, /.n, l c, I' onJ 

\'it.imin C 1s 2.11. 3.S. 0 S. 3.6, 1.3, S.O. O 4 and 160.2 (n1gllOOg) rc,pc,1i,cl) ( [t,oli.1000) 

2.9J \mino \cid l'rnlilc or T�lflrlrlu 11,:r:itlrntulis 

,\mmo Jcid profile (s,'16 g N) ol ,cgctablc lcalmcal� 

\mino acids Tt!lfl1ir/11 11rcltft!11tnli1 

,\lnnmc 6.51 

.\,pJnic Jcid 6.21 

,\q;intnc: S.02

Gl)cinc 6 10

Gluwmk .icid I 1.01 

I liMidinc I 38 

l\olcucint: 5.10 

I.) ,111c 2, 10 

"-lcthiontrt� 2 48 

c,,tclnc 1.08 

I'-lclh. C)S .t.56 

l cucinc 7 58 

Senne J,C)l 

I hrc:"•ninc lKI 

l'hcn, ldlnninc 4.85 

Valine 620 

I )·rosinc 562 

Tr) plophan 3, 12 

SI 
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l 9.4 COltCIIORL'I OLI 1'01{1.iS

C ,r ltt1, u, o/1tor1111 or JUl1: ,� nJli\c 10 \lnc-.11\hcrc I i, "iJcl) cuhi1 at,'tl m both \\cl rcg10M

of the Sub-Sah;1ra .ind drier att;l\ or Nonh ,·\fric.i In <;oulh11.:s1 �1gcria. ,ts n111n1hc }ouni;

k.i1c, .ire cool.cd mto pn.�te and c.11.:n 11i1h ,tarch) �1..1plc, (,\l.orod3, 19HSI, I h,-n: are

bc111ccn 40 and 100 �pccics prm1aril) m 1rup1cal n: :ion� lhc plan1 thrl\c, ,n ,unn) ,pol\ on

�ih rich m organic mallcr and ,, ith abund.int mo1)lun: Youns lta,c, .1nd ,hoot up, can 1-..:

c,1tcn ru\\ o r  cooked and contain high level, ol protein and , it�min C-. I CJ\'C) lltC �hrcJJcJ

and mudc into a p.s,t,: Jute lcJvc, con also be dried. ground into fll"'dcr and ,1,1rcJ ti,r u...:

during the dry ,.:w.on h i� i;ro11 n � an annual. though it mB) ocl a.\ a perennial in -omc

location, It con be plan1cd at the beginning of the min} ...:a,on and "ill ,, i1h,1J11J the hot.

humid month, It can alw ,111h,1and ,Qrnc drought condiuons ;111d e,ircmc:, m soil I he 1-. ,a.

Ca. �lg. Zn. Fe. P nnd Vit11min C h 1.2•. 0.-1�:.. 0.2,�. OJ� •. 0.-1� ·  0.9°, o..i,. and 205.�

(mg 100g) n:.�pec:1111:I) (rboh 1000) The libel'\ con be 11...,-J in 1,11m:, clolh Jnd burlap

l c.11c, cont.,in o,idit-.C and chlorogenk acid. The lolic .icid con1cn1 " ,uh,1,mtiJII� h1rhcr

1h:1n tl1Jt t,r other tol11cin-rich �c:gcrnbl.:s. ca 800 microgram, p.:r 100 i: (CJ 75•. mois1un:J or 

c:i 3200 micrograms on a 1c1'll 11101,turc basi� (Chen :in(] Saad. 1981 ). lhc �ced� ,oninin 11 ,.

1·1.1!�• 011 (\\'nll 1nJ llrc}Cr•Urand"'J�, 1962), c,1rogcnic (Sharai ct .ii, 1979). "l11d1 conwm,

II> 9':o palmi11c-. J,70,� s1canc-. 1.8'-• bchcnic- I I�, lignocc,ic-. 9 I�• okic-, 62 s,. linolek·,

and 0.9". linoknic- ncids a, \\CII iu l�c portion, ofl'I, \In. :--10, ru,d In. �IO\I ol 1hc ,u lphnr

in herbage is conlatn�'tl in methionine and C) ,tim: ,�11hin pro1cm, I .nrller ,111d1� ... ,lun,cd

higher proJuctiun of h}drogen \ulphidc rrom t),t (c)inc tlmn from iw-S quan1111c� of

mcllnoninc ur inori;onic ,ulplmtc fOirJ. I 972).
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2. 'J.5 !,cicn ti fie Cta.,,ificnlion or C,1rc:J111r,o 11/llur/111 

Dorll.lin: 

Kini:Jom 

'iubl-.in!,!dom: 

Ph)'lum. 

Subph}lum· 

lnfrnph> lurn. 

Cta,� 

Subd,"' 

'iu11crordcr. 

Order 

Famll\ 

Subfamtl) 

I ribe: 

(icnu, 

l\pcCJlic cpi1hc1 

,\l.orrn.lJ. 1988 

l u�ar. 01.1

l'lan1,1c 

\ 1ridacnlan1ac --- - -

I r.1chcorh\ 1:i 

S[ICrma1onh, lfil,1

/\!)g10,pcn11Jc 

r-,.fagnolior>id:1 

Qill�nlidac 

\l_,1han.1c 

\lal1.il�, 

Tillacc,1c 

Tilioid£ac 

rorch9rcoc 

( o_rc_liuru� 

""'""'' I 
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Tobie 2.2: '\u1rico1 cunlcnl ofCorchurio ,,111,irio 

Corchorus oh1orus lc:I\ c-. IOU[!,� ro:pono:J to contain 

c�lonc\ 

\Voter (I I 0) 

Protein 

F,11 

I 01.1I Corboh, Jral� • 

I ibcr 

,\,h 

('o 

I' 

I C 

Sa 

.__ 

UCIJ-<JIOICIIC 

cqu1votcn1 

nuaminc 

It.bona, 111

,,ac1n 

,\\Corhic: .1cid 

5·1 

-13· 511

80.-1-lU I g 

-I 5•5.6 g

0.3 I! 

7.6•12.-1 & 

I 7-:?.0 & 

]4 � 

]66-366 mi: 

1)7 - 122 ms 

7,2-7,7 mg 

I" nw 

-I H mi:

6,-110-7.850µ[!

0.1 J-0.1:; ,ng 

0.2(1- 0.5) ms 

I I 12 mi; 

S.l-RO ms 

t:hcn anJ <;:i.,J, 19KI 
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CJIAPTER THREE 

�IATERIALS AND 1\lE'IJJOD 

Plate J. I: A group of fh c (S) nitJ,
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fh" v.;:is 311 c-xpcnmcnt.11 stud) m v.hrc-h M zmllDJII model (m) ";i; u.� IO m \-c,.Ug.11.i: 1hc

toxrcit) of C} ililidc IUld 1hc- mlcf'\ cnuon prorcnrcs of 1" o \ q;cubb on C-) ;iruJc to."CII)

J.1 l'LRCII\',� Of \I.GI.I \IJLL",

lhc 1ci;c1.11blc-. \\en: purctw..-d from ;in agncultur.il f,1m1 in Olodo. Jb;sd,,n Jl,c ,C£ctllblc<.

\\Cl'C culth.11c:d v.ilhoul fcrtilucr. lhC') ,,en: later 1Ja111fic:d nnd :iu1hrn1t.ntc-d b) botarusu :it

Holan) IX'p:irt111c111 Un1,c:r.11t) oflbJJ.:in

J.2 l'ROC.:LUl.,ltE FOR \QI Ql ', 1·\.l lt.\C.110:\ 01 fllf" 'f\\O \ I(,� I \Ill r,

(CORCJIORUS OLITORUS \.,D TEI I 1/R I OCCIDf:.,\ T ILIS) 

PRO(l,.L>LRE 

I he , c.;ctJblc lc:-.i,c:, \\C:l'C pic:1,.c:d :am.I the \\cl \\c1i:ht I 100[:) \\a, t.tlcn ntlcr "hich :?OOml� ol

JI\UllcJ "atcr \\il\ u!.Cd 10 blend it \ftcr t,lc:ndinii. rhc p.i,tc '"" pourc-d rn the doth mc,h und

�ucc:,c:J 1horoughl) 10 brrns out 1hc c:x1rac1. Ille ,-otumc t•f 1hc c:,1rac1 \\a, ml.en u,mi: u 

111c..1,urrng c� linJcr. ['hi\ \,a, Jone for ahc I\\O ,ci:clllbl� n:,pc,:tl \dy (,lr,,c, \\Cfl: '"m,

1hruugh uul the proc:cJurc, 10 prc:\cnl ,-on1,1m1nai1on lhc c,1111c1, \\ere: lhcn 1;ilcn 101hc 

ln1c:m,11io11JI 1n,111utc: ol I roplcnl ,\gricuhurc: (111,\), 11,.,JJn. Nii;cr1,1 lor l>optiili,atl\ln 

J.2.1 \()I Ol' I\ I It\( I I<>' 01 '\ f.\\ U' 11:1.f,f/lll ,x·< IIJI \7 f/./.\

Volume oOcr .1qus"Ull' c�1r.i"l1111 -170mls

\\ Cll,!hl ol l�ophili1ing Ir.I) 222.6·1g 

(Tollll \\c1i;h1 of Ira� nnd c,1r.1c1 \\c:ighl ,1flr:a)) l!

(219 3�� 222.6·1) !!

Sb 

I 

I 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



J.2.l \QfOL� EX I IL\C 110\ 01• •E\\ I Ill' CORCIIORlS 01.I !Olll.S

\\'d \\ cighl of ·li\\cJu lca,c, 1001; 

Volume ol di,1illcd ,,.,,er U'l:J 200rnh 

Volume a Iler aqueous c,1r:1ction 650mls 

\\'c1i;lt1 ol l)ophil11lni; Int)· 222.6,1&

Dry 1q:ish1 of 'l•,,cdu c,11.:sct I I otol ,,eight or 1r,1) and c,trJ�I 1\-i:ii;lu ol tra, ,) i;

(2)6.227 2.?2.Ci-1) g

13.5871: 

J.J 1•noc1 UUIU I on I,\ 01 '1111.li' \ 110\ (11111.I ZI Ull\'I\G)

.?OU ml• ot c.1 h "c11ct.1blc c,tro,1 \HI\ Ji,p,;n,cJ rn tr.t}'' ant.I 1111, 110,cn J11r � hour, Jtkr

\\h1d1 it \\ll' pl11ccJ in the bJtch l)Llphili,cr und lrcc,c dncJ lor 2 t.13}' lhc t.lt) .-c,i;ht ol the

,ci;ctohk c,troch \\Cn: t,11,cn

J.J.I l'IU\C 11'1 I 01 l,YOl'II\ LIY. \ I ION (I llfE/41 DI(\ 1(\G)

I n;c:1c t.ll'}in ho, been u1cd in J number of .:spplic.it1on1 for m.•n) )cars. mo,t common!) in

the foot.I JOd pharmaccu11,.1l indu,tric, I here Jre IH111c1cr 111,111) other 111c, for the pr(l(c\.,

mcludm& the ,t:1bili1.ition of 111 mi: mn1cria1' ,uch a, ruicrobial culture,. rr��r1 ,11h1n .,r 11holc

animal ,pc-c,men, for mu,cum t.li1plJ) rc,tc,rJt1on ol bool..s ,mt.I other itc1n, 1famagct.l b) 1101cr

and the conccntrouon ant.I m;o\-Ct) or rcJclton prot.111,1 , I r�-c,c dr)tnll ln1ohc, the rcmovill

or \\.tier :ind 01hcr "ll\Cnl.5 trom II fro1cn prot.luc1 b) 11 procc" callcJ ,ub1i111,11ion 

�uhlimolion occurs where o fro,cn �lit.I goes Jin:cll) from <01it.l ,1111c to the gil.,COU\ ,u1.:

,II" at iu,,ing through 1hc liquid ph.l>C (:\lcllor. 19711) In contra\l, di') ing 111 :imh,�t

1cmpcra1un:s from 1hc liquid ph:isc uswill) rnulu 111 ch�ni;,-s m lht' prot.111(1 3nJ m.1) be

�u,ioblc a11I) for w111c ma1cr1.1I\ 1lu1,c1cr, 1n lrcc,c t.ll') tnj;, 1hc 11101cr1,il t.locs nol go throush

the hquitl pha'\C onJ 11 olln\\� the pn:p;trolh>n 11f n �1.1hk J!fot.lU" 1hal 1s C'3') 10 u� and

:ic,ihcllc 10 oppc;irnncc 11,c frccJc di') mg process con\is1 of 1hn:c •ll&t' I c pre fn:c11ng.

primilr) di') ,ng and ,;c,ondJI') t.1ry111g
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l'rc frcCJini: 

,,nc.: fl'l:c11ng 1s a ch3ngc 111 ,101c from 1hc iia�c:oU\ or li11u1d ph.i\.<: 10 the.- ,oliJ plu..:.

m,11cnols 10 be lr�-c,c dried mu\l lir,1 l>c 11dcqu,11cl} pre 11·0,cn I ht 111e1hoJ uf pre lrcc11nlj

a nd the final h:mpcratul'I: of 1hc fnvcn rroclucl 1:.in alli:ct 1hc 11b1hl} 10 ,uc.:c "liill) lr.:e1c <lrJ

the material Raf)icl cooling rc,ults in ,,null ice cl) �lal�. useful In pres.:!'\ inv ,1ruc1urc� to tic

eumlncd micro\copicall}, bul rc,ul1ini; in a pro<lucl Iha! 1, mol'I! <l1mcuh 10 frcc,c di)

'-lo11cr coohn11 l'l!,ul1s 111 IJrl,\cr h:c cr'),IUl5 Jod lc,\ rc.'ltruc111c drnunch III lhc 111alrl\ Jurmg

1hc di) ing r roce,,. l'ro<lucl\ frcc,c in 1110 \\ll� \ dcpcndin11 on 1hc make ur nl 1hc pru<l11c1 1111:­

maJorit} ul lhc producl thJI i, ,ubjcc1cd 10 ,�,e dr)'ini: c:011,i,1, prunuril} of 11�1cr 1\11111

'>JJnJllc� 1ha1 an: lo be 1'rc<:1c d11ed un: cu1cc1ic, which an: u 1ni,1urc ol �ub,1an.:c, 1hot free,�

,II lu11cr tcmpcrature� lh.in 1hc ,urrounding 11.ilcr \Vhcn 1hc aqueous ,u,pcn,ion i, cooled.

dmngc, o.:cur 1n 1h, -.ohnc cnnccn1m111111 of the procluc1 m.11n, ,\ c0111inf proceed,. lhc

1,.11cr I\ ,cparu1ed from 1he ,ulu1c, a, 11 ch.1n gc1 10 1cc. crc.1111111 rnnrc con,cnlrJlcJ .1n:J\ ul

�lu1c I hi\ pocl.cl nf ctmccn1rJlcd malcri�I,, h.1,c ,1 ln11cr frcc,ing 1cmpcr.11un: 1h,m 1hc

11,11tr ,\hh,1ui:h II product ma) opp,:.1r 1u l>c fro1c11 l>cc.iuM: of nll 1hc 1cc prc,cnl. 1111,,tuuhl).

11 1, not complc1cl� rro,cn un1i1 ,111 of 1hc ,olulc m the su,pcn,iun i\ fn11cn The mi\lun: nr

, ariou, ,onccn1m11on, of "1lU1�, 1111'1 01c ,ol,cnl con,111011:-, 1hc cutcclic� of 1hc �u,pcn,ion 

Onl} ,,hen .ill 1hc cul�"\:lic n11,1un: 1, tro,cn i, 1hc �u,pcn)ion prop,:rl) lr,vcn f 1111 1, co1llc<l

th.: culc<lte 1crnpcra1urc (l\lcllor I 9711) II i, 1 Cl)' lmporwn1 1n (n:c1.: di) in11111 pre lrcc,c lhc

product 10 ticlo11 the cu1cc1tc 1cmpcrJ1urc bclon: bcgmnmg 1hc fn:c,c di) mi; pn>C<"'\ ,m.111

pocJ..cl of unlro1cn mJlcn,tl rcmainini; in the proJuc1 c,p;ind ond compn\C lhc ,1ru,111ral

,UJbiht} of 1hc (rcc,c dried 11to<lu,1

l'rlman On lne . . 

\Iler pre 1rcc11ng the product. condi11on, mu,1 be c,Ulbh,hcJ in 1,luch i.c ,.in be rcmo,cJ

from du: rro,cn product I ia ,uh Ii motion. n:sullini; in a JI). ,1ructurall) 1111:i;:1 proJuc1 1111,

rcqui� �cl) c111Clul control of1hc IIH'> p;iramclCD. tcmpcra1un: and p=•UR'., 1111 .. h-al In th, 

rrcc,c JI) mi; ,y,1c1n I he rate of \ublunauon of ice from ,, lr,>1cn product J,,,.:nd, on 1hc

d,ITcrcncc ,n ,upor 11n:..,,urc of the procluc1 comp.111:d 11> the ,aror pr1$iun: of the kc cc,llcxll•f 

,tolcculc<o m,g,uic: from the: higher prc,\urc to a lo"cr prc,,un: ,111,e 1.1por J'«"•u1.: h

rclatcJ 10 1empcra1urc. 11 is ncco.s.1� lhJI the product 1cmpcni1urc ,, \\Ormcr 1han the etild 11111'

Cite: colkcti-i:) lc:!llpc:l'lllun: r�lcl!or. 197111 It I\ c�ucn1cl> ln1pon.in1 thal 1hc IM1p:ru1urc at

""h�h II proJu" h fr«ic: JncJ 1, t,;ilan«J b<:I\\ l"Cn 1hc tmr,:1111urc 1hal 111a1n1a1n1 th, f \VCn

' he -•u I on.I 1hc 1empcra1urc thn1 ma"m,,c, 1hc 1opar rn,-,,urc 111 11>.: pn� 1 

int.: tll) 1 I rnou • 
$R 

I 
I 
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'occondt1D Of') inl,! 

\Iler pnmar. freeze di'} mg i\ complclc Md all ice ha, \t1hlimcd, bounJ 111oi,1urc is ,ull 

prc\cnl in 1hc pro<.lucl. I he pro<.111..:1 opp,:ar. Jr ) hul 1hc rc)idual rnohturc content 111.1) hc: :i�

lui;h :i, 7-S ro. ( 01111nul-d Jr) mg "n ccu, ... 11) ,111hc \\armer 1c111ptrn1urc 10 n:ducc the rc,1Jm1I 

1noi\lurc con1cn1 1 0  op11mun, 1uh11.-.. (l\lcllor, ICJ78). ·1 his pro.:1:" j, ,alkJ tw1hcnn3J 

Dcsorp11on O\ 1hc bound \\Oler i, dcsorhc:d, from the product 'o1.-condar) dryi111 h n onnall} 

,n1111nueJ 01 a pro<.111'1 1c111p,:r.1111n: hi!Jhcr than 11111bicn1 bul comp,11ihlc \\ 1th lhc 1ens11111I} ol 

1h� producl ,\II ulhcr condllion� Mith a, pre, urc 1111J collc\ltor 1cmp,:ro1urc rcm.1111 thc \111111:, 

Uccau-,.; 1hc rroc:c,, I, dc,or111i,� 1hc 1acuum ,hoithl be a, 101\ u, po,,ihlc (no clc1·,11cd 

pre\�un:) Jnd the colh:.itor tc111p:r-,11urc 11, cold a, c.m be ullamcd Sccom.lJI')' JI'} iog, h u,uJII) 

camcJ 111 11 for Jppro,1111atcll I J 10 ''• 1hc tune n:quircll lor primal') di) mi;. 

JA l'IU'I' \It\ 1 10:'\ OF 1111 � IOCK ANIJ \\ OllKl'-G CON('I ', l'llA 110;\

',()ll 110111· 

30 11111 ul t-C � \\ll\ dh,ol\l:d 111 I 00 1111, of di,tillcd w,11cr und I.cpl on ,1 refrii:cr,1101.

JO 11111 of CJdt ,ci;c1ablc c,1r.c1 \10, nlso J1�..ol1cJ m 100 ml, nl J1,11llcJ \\Ulcr 10 mul,.c ,1

I 10 dilution 10 i;11c )Om1• l.p bcfon: 11 \\a\ l.cfll mu rcfrii;cru1or.

\\ Olt" 11\C co;,.CL/\ I It\ I IOI',:

I ml ol the t,;l, ,1ocl. \\a, di,pcn,cd 10 91111, ofdi,tilltd \\Jlcr, ,hnl.cn ,md co,c:n.-d \\llh 11

!oil p:ipcrJn J I.cpl in 1hc rclni;cr.11or 111i, 1,.1 I in IOd1lulion (1:10) 

1ml of e.ich of the: \ cgc1.1hh: ,:\lrutl \\'1� di\(lCO\CJ m I) ml, al di,tillcd \\JICr m ,1 I 111 10

Jilullon. ,Ital.en ,nd c:nvcrcJ 1\ 1th J loil par,r hcfurc ii \\ill l..c:pl in .i rclni:c:rJIOr 

3.5 � XPRl\tF'-1,\L \Sl\l,\I.S

r,11,.. (30) adull 11tbin1> \\'bur male rJI\ \\CIC di\1rlbutc:J rJndoml) in10 f, grours I 11e 15)

• 

c,pcrimc:n1.1I i;roups ,,d One (I) r,.1\i11,c: control grour, in rc,rcc11,c: cos,� 

(l'L:11c: } I I 

lht 1111,mab (fill\), "hic:h \\CIC fn1n1 1hc 5,1mc hllc:r, \\CTC rurch:i..cd from 1hc: oninul h1,u..-c.

lkf'Jnmcnt of Ph} siolog>, lJ111\c"11y of tb.lJ.tn Ilic: rol\ ,, h1ch "ere t1l'it.t1ncd n1 J "«'k" olJ

and 11110,(c:rrcJ 10 ihc ,\nunJI llnu..c. I\IR,\ I, RloJc: llu,IJmg. lln11cDII) r,,llc:� II r11al 11>

, � r 11-13 lhc:) \\CIC mam1J11nc:J r,>r r.,ur "eel,;, tw1 �ommm11I ral r-;11.:"h

ac;chrnlllK' ,vr ,,m •• 

-·' I h m un1il a \\CIM"t l'llllliC Clf l,cl\\«"11 11,or, nnJ 2�01l \\ n• Clhlnmcd I hC', ,

and \\JICI...,. I IIL. tf'' 

I 
I 

I 
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and 11atcr bolllc� \\Cn! 11n1hcd thorouyhh \\hilt- 1hc �11dU\I 11hich ,cr,;cd a, 1hc11 lx'Jdlng\

11a, treated 11ith dcllol and �undried pcnoJ1cally. They 11crc Ice.I 11<l-hbi11J1n 11ith cun1mcrci,1I

r,ll pellet and \\Jlcr <l�il) the 1c11ctablc� lud cntllcr been c,t ractL-d. l)11phi1i,cd 1111d lotcr

rc.:on�titutc<l with di�11llcJ 11atcr 10 the ,pccilicd conccnlrJUon bcti,rc ii 11:i, ,11Jn11n111cn:J

O,c l!fOUJl\ 11c:rc 1dcn1ilic:J tor c,pcrln11:111n111111 "follo11�·

• 

• 

• 

Group I: <. onuul 

Group 2: - t)JnlJc Only 

<,rou11 3: • Cyanide uni.I i<•lji11r111 11<:t·ltlt11t11l.1 I :\lracl ()111g,l.i; bod) 11clght each) .

(C'\ 10). 

• Group 4: -C)anidc �nd Ct1rt-lH1rr1111///11rr111.,1nict ()mg.ks bod> 11cigh1 c, h),

• 

• 

(l � <. 0)

Group$: liJ/ft11r11111t(!lt/,·11t11/, c,1ni.:1 onl> (Jmr•l.g boJ> 1\c1i:h1) (Io ,,nl) I

C,roup (,: • C 11rt·/uir11, "l,tor11, c\lmct onl) (lmi:·kll boJ) 11ci1 ht) (CO 0111)) 

J,6 l'ltOC'I Ol,Rl•. I OU ,\ll,\11'\l'il'rlU\(, h'.( \ \ ',I) 1111 \ l,C:I I \Ill I

1 '-l l li\CI� 

I he ,1111mJh ,,ere tc:J u,ini;. nn mJJu,toblc: 111icror11p.:11c 1111h pl ·""' up, anJ J cnnular I he

cnnular 11.:rc IJbclkd 10 pn:\ent cro" co11tnmin3110n, Ilic 11c111l11 ol the 1'111\ 11crc t3l,.c11 Jail) 

along 1111h other ph}slcal ob..cnotion\ bcti.uc the tosin (KC�) one.I the trcJtmcnt (the

1 egct.iblc c,11·.1ct,) \\ere odminhtercJ Volume of the I ,,1n :ind the c�11,1ct, 3Jm1nu,1crcd \\CIC 

b.B<:J on the 11c:il,lht of the roL,. rhc mtio ol the 10,in 10 crthcr the c:,11.itt or di,11llcJ \\alcr

,,;i.s t 1. The: adjustilbli: n1icrop1pc11c \\J.� u,;cd to p1cl,. the c"1nicu.. "-CS und di,1illcd nl!lcr

nnd dhpcn�J into ,m:ill bottles" 1cn: it i, n11xcd thoroughl} t,cfull! reeding ii 10 rnu. 

1 he onim:il� 11crc picl-cd from the 1;1il and the nc,1- is gtirpcJ '"'" ti lell h.111d 11nd tumcd

up\\iliJ\ "ith 11, nmm hanging up ;,nJ the: toil ,uc�cd bct\\•�n 11 110ll0" ot 1hc tell hand

tPl,uc J 2). 1hen II dc.ir p.1\\:ISC h.l the 1hro;11 ,,.i� ,ought bcton: the ml\lurc 1, aduun1\lcn-J 

l'h)itollllJ•.:al p.1ramctcrs 1 .c. og1hl), C)C nnJ tur colour, no\C J1'l<."hllrl!c unJ ocul;ir ond ruul

tcuon \•CIC chcc�cd 1mJ rccorJl.'d JJII) tocfon: tn:Jtment•

(,0 
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Pbtc J.l: Rcsesn:bcr feed lag tbc Mil$
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3.7 l'O"i I' 1 ltl \ I \I l \ I 11,\lt\'l·.S'I

3.".I COi 1.l·Cl 10� OIi UL()UI> !:> \ \ll'I.I \

I he r,11, ,,er.: 1a,1cJ lor , I hou" bclorc 1hc hl1'IOJ -..unpk, \\CIC �ollcctcJ < ,1p1llur) tubes

,,ere u,c:J to .:ollccl blood '>Jtnptc, front the rat, ,,hik the) ,,ere still alhc u,ini; the ocular

puncture method (Plntc 3 3). Ille blood ..amph:, "ere placed m,1uc I 11h111111 hcparini1cll

houlc, and \\CIC centrifuged .it 1000 rc,olutlun' n11nu1c<. for Ill 111111111c, after ,1h1ch the:

pla,1na \\� ,1\pim1cd mttl uni,.:r-.11 oolllc\ bcfun: the) wen: 111111l)..cd for li,er lun.:tiun

cnt)mc, ,\llmlim: l'ho,11ha1.1-.c ( \LP) •. \,par1a1c ,\mino I ran,fcra..c, (AS I), uni.I ,\l.1ni111:

·\1111110 I r.in,11:ra ..:· ( \I I J 1 he P.u.:�cJ (;ell \ olu1nc (I'( \) ul' bklClll frc,m �Jd� rat \\.I� ,11-o

c,tlmatcll

C,2 
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I 
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Place J.J: Dlood collected through ocular panc:ture ror tbunlcal palboloi;lcal analyals

and PCV 
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Plate 3.4: Re9carcbcr bringing out ,;ta_l organ, for bistopatbology
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Pitre 3.5: Organ., colltetcd In conllllncn containing chloroform for hlsropalhology
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3. 7 .2 Collcc1h,n or' "'uc,

,10111 c, 1 1c ,1n1111,1h ,,crc �,icrlt.ccd (l'l,1tc l -1). 1111, ,,a\ ,.irrr,'J
,\lier the colh .. -c11on ol hlood I• 1 

' \ 01:,1 ton met''"'· tc cure.I\� \\a� cul op n .111d 1h1: 1-idnc}, lhcr nnd
out u�1n1,1. 1hc lcr\i1;1l l)i I · 1 I . .  , I I 

br.iin ll'>\Uc, \\en: n:n10, ... 'J uni.I pl,1ccd in,11Jc 10,, I ormJlin 1t1r hl\lcipatoloi;,c:tl unal)M�

(l'lalc 3.5).

3.8 10"1.\L l'ROI FIN ,\N,\l,\'",IS LSING K.ILLDAIII (\111'. l'IIOll 

lh,� an;il}'>i, \\a, cnrrlcJ out un the 11\0 ,csc1ahle 1:\lroch C 11rcliur111 ,d1111r11, anJ li•/(111r11 

'"'' 11l,·111t11/, at thc lt1tcmJllonnl ln�lituh: ol lr.Jph:,11 \gri,ultun: (IIT,\}. 1t1.1d.1n, Nigeria 

J.11.1 '\ltroi:cn/ l'ho,phoru, lli1:c,tlo11 l'ruccdurc.-

\pp,1n1111, 

1101 rl,1tc I') re, conical na,k. volu1nc trlc lln\�. o, en, \\c111h111g balnnce, dt\t llkd \\�tcr,

ul111ninlun1 blocl;!>. d1sc,1iun tu\11:,. uulo•anJl}tcr

ltcai:cnh 

1sul11huric .,�1d) 11  st>,}. ,01tnium po\\Jcr. (.\mmnnlum 1ctrao,o\ulph ,1tc) (NI l.1 }2S0.1,

(l'Ol..).\IUJn dih>druphv,phale) Kll21'()1. 11:,02 (11) droi:cn pcro'1dc)

l'roccilurc 

Sckn1um <;ulphurit add :\l i,1urc. - 1 litre ol )UlCunc a,1d \Ill� added 10 3 S i; of v.:lcniu111

pol'dcr II ,, 1 then hcatcil <'11 .1 hotplolc 01 hi!lh tc111pcri11un: until � lc,1r. I he )Cknium

,h,wl,,:J 1n10 1hc )11truric 11c:1J at about !KO ''C -\lier the �lcn111m ha, di,wl\c:J. the hotpll1c

\\.C, tumcd off nnJ the c, ,ntaincr ''·" kfi on the hotpl.llc until C< ol 

Si trogcnJPh0phoru) Stoel- �lu1ion' 1 o 11 100 ml volumetric Ila,!.., 4.714 i; 1:-.1 t1 ti"04 a.oJ

0.-139 I:! of 1(11:?P0,1 \\.U adJed The chcmiClllS \\ere o,cn·Jncd at 105 C bcf<>rc \\Cl�htng ond

d1lutc:J 10 ,nark .  Jlli� solution con1.11n, 10.000 ppm :,; und 1000 ppm I' 

I) o 200 g ,,r dn,, ground plant -..impk \\3� "cii;hcd 11110 .1 �O m l  d1i:,-,.1100 tube unJ 2 'i

1111 of the I h"0-1 ..,c nu,ture was oddc:J to c:ach 1ul>c nnJ 10 � hlunl., \\hKh ".1\ u..:J

-

for !l{anJanh 11 ,,-.i• then pltKCJ 1n a.n aluminium 1>11>'1. '"' n h<>lpl.itc 11nJ hc.111.'d 111

Pl'fl'''"m�tcl} 200"C un til the 1.11npl" ,1.irtcd tu111in11

(,b 

I 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



2) I he tuhc, \\Crc rcn10,,:J lro1n the ho1plulc: and ullo\,cd to cool lor 10 n1inu1c,. I ml ol

\\n, curcl\1II> ud1kd to th.: s.1mpk� ,ind ,MndarJ, ,\lier the ri.:Jclllln h,s-
100.. 11-t) 

,ub,idcd un .iddit1C1nJI 21111 I liU wo, nddcd.

3) It \\ii\ replaced on the hotplate: and o hca,·)· 15 nil i.:l,l\, , iul \I a� placed on ICII' ul c.11.h

tube and hcJtcd to 330"l II \\ii.\ left on the hol 111011: until de.tr (u,uall) '! h1,ur,) 1111.·

)CIIU\\ tint or the �mpl� \hould dl�aprcar a, the digc\t h compktcd

-1) I he .;u111plc\ ,\ere .111011,-d 10 cool. I 11 thc 5 �,ondard solution,. 0, 0.:?00, 0,100. O.bOO.

und 0.1100 ml of the :,rip ,1ocl. ,olutlon \\ii' .idd•-d I he \.ilmplc, and ,tondord\ \\Cl1:

diluted 10 the SO 1111 nrnrl.. I ad1 -.umrlc \\ii� pl�ccd inio the 11u1c, anal�1crcur� ,ind the

Nilrol!cn and l'ho,ph11ruu, \\R\ 111ml on the ,1u10-J11Jl)1Cr machrnc.

l'rccoution,; 

I hc C(lntainc r u1cJ 10 heal th,: ,ulphuric acid'!o<!lcnium mi\111rc i\ mode of ,turd) l'>rc, 11'·"'

,\ bn:.1l..1i;c \\l)Uh.l be c,1re111d) JJlll!CIOU\,

J.IJ l)t\ I \ \'\I)<, f \Tl� I IC \L Ai'l,\I '<;IS

lnkn:ntul ,ta1,�11c.:il onol),i\ \\II' performed on the dal:i ct lh:ctcd trom 1hc c,rcr1111cn1 "'"'"

mduJc, ,1 U11ll> record of b<JJ) ,1c1&ht. food onJ Jrinl.inf \\Oler con\u111p11011 In comparing

the: n:,ult, of the i;rollf"· ,,NOV,\ (3n31) ,i, of ,,,nonce) .inJ 1udc 11 'l • IC:\! ,,
11� opphcJ Jnd

1hc J,lli::rcncc 11,111111.cn 10 be 11g1111icm1t "hen I' ,aluc "<0.05 10 a...:crt.'lm the �,g,ufic,sncc:

of the 1ntcncn1ion
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Cit \I' I I• It FOl It 

RESUL,T� 

.i. t l'ROTrli\ £STI' IA'l'IO� nr�ul.'f FOil T,·lf11lr/11 t1ccide111111f, 

I he rcrccntoi;c of protein in T,•//111r/11 occtd,·11u1h1 \\Crc J 1.96�• rc�pectl\·cl) for the 11,0

'>Jt11pk, fnlnl the ,.unc !iQun:c ( I ,1blc -I I) .

.i.2 l'll01'1 l"- l'',I 1\1,\l'l<)N ltl ',LJI I I Oll(11rc/i11r111 11flt11r111.,

lhc rcn:cnlol.!c ol protcm in< 11rt·l111r,1111/ltur11111.1\ -10.211',o rc,�'1:tilcl) lor lhc: I\\O i,.irnf'k'

1r111n lht ,.unc ,oun:c ( l ,1hk -1.2),
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I ,1hk -I.I: l'crccnh11!C of pro1c111 in I ,•lj11lr/11111Tltf1•11t11/I\ 
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I .,hie -'.2: l'crcc11t111,:1: 111 protein in C11rch1ir10 11/lt11r111 

S ·\l\ll'IJ l 

s \\ll'l.l. 2 

10 
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rahlc -1.J; \lean� for n,crnl(l' ,1ntl'r lntal.l• In thl' <, i:rou11, 

.\, cn,gc \\Inter Intake (nil) 

C,R()lJ l'l> N <iub\CI for olpha .OS

-
3 

Conu-ol I •I 2•1.0000 2•1.0000 

< '- 0:--1 Y I• I 18 21•13 

CN• 10 I ,I 17.1000 

( �1( {) I.J 111.8286 18.8286 

IU o-.:t' 1-l 
2·1, 1-12') 2-1 1,1211

co 0:--.1 Y I .J 
25.5 7 I ,I 

OS9 

\lc;1n, for l!roup� 111 h111noi:cnnu, ,uh1c1� 11rc 1lhpH1� ,·11

a L-.c ll,1nnunic l',lc'1n Sample S11c 1-1.000 

t-c, CO'- I ROI

c� 0:-;1 Y 

c:,.; .. I 0 

C � CO 

ro 0-.:1 ,· 

co 0:-:1 Y 

Co111rol 

C)nn11Jc: onl}

C) .in11.k t Us"u c,crnct ( 7 r/fi1ir111 nc�1J,•n1a/,. I

C1JJ1idc + l,\\cJu c\lr.lCI (Ct1�hor1n 11/t111r11,)

U!.t" u c�1m,1 onl>

I ·  11 cdu c\triJCI onl)
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4.J lntcr.1cti,c c;ruph rur \,cn,�I.' \\ ulcr lntnkc

fhc ,l\crai:c "atcr ,ni.11.c lor mt in .:roup, one to ,1:1. ror the pcnoJ ol fourteen da) � ,,crc

?�.II -l.<11111. 111.2 ll lhnl. 17 I 9.7ml, IH.KtK 'l111I. 24 I 3 4111I "S.C,•?.Hrnl rc1pcct1,d) p<-

11051 I able tl) I hi\ indicated that c)Jn1dc reduced 1H1tcr inml.c and th it c11 11hinJtion 1\llh

the c:..tracl� did not all�l rcducuon I ,1r.1cL� alone did nol aff.:.:t \\.Jlcr 1111ukc in the 11roup,

(Group, 5 and 61 led,, nh e:1.1roc1, onl� 
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Tuhlc 4A: �lulliplc co1111uri'l11 hc1"cc11 the mean 1111tcr in111l;c fur cnn1r11l l!rour 1111d 
i:rour� ?. J. -'· S nnll 6. 

0,•11••111k•111 l'nr111bl,• • h·,·ra�, IJ'111t·r /11111A,· (111//

I -;n 

(ONIROI 
mean (111I) 

2-1.00001 1.6 

C.,ROL I'� 

' 
• 

J 

-I 

.s 

Tl SI \lh,\1' (mil 1' · \ \I llf 

t8.214)i8 8 P< U.OS 

17,IOOOICJ 7 I'� 0 OS 

I 8.li2KC, I !I.Cl I'> O.OS 

2·1 l-129L3.-1 ,. oos

:!S.571•1 2.8 I'> O.OS 
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!lihlc -1.S: '1(·111' for n,crni:c rontl i111nkc

A vcr111?,c Fool.I I 11111kc (�)

Group I 
CON I H.01 

Group 3 
(N 10 

(,roup -I 
c:-: t(O

Group S 
Ill ()NI 't

<.iroup 6 
couNt v

Prob 

1-1

I •I 

I .I 

1-1 

I •I 

14 

',ub,cl fnr .,,lphu .05

I 

\ 1.1129 

2(121\J 

26.8-129 

108 

:\leaM ror l!roup• in hn1no!!cnou, ,uh�cl< are tlhrl�)ctl,

n l .c 11 n, nlC l\l.::1n <,.,mpk <;, ·• 1 .000 

2(1.21-13 

,u 3571 
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I .,hie -t6: (.'0111p11rl�1n hct,,l'CII 1hc con1n1l i::r111111 an,I i:roup 2, 3. J, � 11111I C,.

{)cJIL"llcft•II/ J'11r111/ift• ,ht•ftl,I!<' f1J111f /11/11(,• (I/,)

I 'ii) 

CO�IROI 

n,ciln (g) 

GllOl,PS 11,s I \ II .\ i-. (1nl1 1'· \'.\1.UI• 

2111J?l)1'l.8
I'< 0.05 

26.'.? 14) t9.8
I'.> 0.05 

26.8.\29t1l.6
P> O.OS

26 J286t 10.6
I'.> O OS 

30JS7l;tl0,2 
,� o.os 
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-4.-1 l·OOD \"II \Kl 

I he ·" cra11,c: tooJ intnkc ror rttl\ in 11,roup\ one 10 ,i, ,tr\:: l t.  I I Q 7i;, 20 t l. 11 .Ki;, 21, 2 l 9 Hg.

16.KtQ.<>g. 2<>..I I0.61 ·  JnJ 30.-l 10.2g n:,p.icthcl)' <r >OOS) (lnbk 4 5) tn g111up1111c:,

thc:n: \\'15 a i;cncrol incn:il\C in food int:il..c from J,t) one to 1,,0:lvc.

"A.I lntcrnctl\C C,n,ph ror ,,,cr11�c 1/uutl 1111111.r

.\n incrca'iC 111 IOO<I tntnl..c \\il\ ob-.c:r\cJ hc1,,ccn da) one unJ l\\O, Ja) -.c,cn 10 nine. J,1>

ch:,cn lo 1,,clvc ,1nJ ,haqi n:Ju,111111 in fooll 1n1nl.c on dJ) 1hn:c. tour. ti,c, ,,:-.. ten. 1l11rtccn

and lourtccn 111 group l\\O. In grou11 lhrc.:., there: "a' Jn incrca� in tuo<l inwl.c on J.1), one.

1 1,0 lour. ,c,cn. ,, inc. ten c:tc,cn, t\\chc an,t thirteen with ,tu,rr rcJ111:1ion 111 fc1o<l rntukc on

J,t)'- thn:c n,c i:ill,hl ,111J thirteen. then; "·" un incrc.1...: in food intal.c ,,11 J,t) t\\O the.

cit1ht ten ctc,cn ,111J 1wchc \\hilt " rc:Ju,uon ''•" oh,;cncd ,n da) lour, \h, nine and

1h1n�-.:n in �·nn1p I In i;roup � then:'"" o ,tcJd) incn:n�c in food tnlJkc lro,n ,hi) 1,111 10 JJ) 

three '"'h a ,h.11r rc:Juctlon on day lour and :in incrcJI.C on J,1) the I here \\ii� 11 ,1caJ)

,n"c:L,� front JJ) �i, 10 day nine" ith a n;JuClion on do) ten.,\ rcJuc1111n  in load 1n1,1kc: \\cl\

ob,cncd 1ro111 J.i> de, en 10 d,1' 1hirtcc:11 (l'igurc 4.2) 

lhcr.: 1\3' o ,tcJJ) incrc.1..c in tooJ 1ntnl.c trorn J.i) one 10 Ja) lhc \\tlh o rcJu,litlll from dJ)

'" 10 J.t) c1gh1 .,nd un incn:,,,c from dl)' nine 10 J�)' 11\chc anJ nn '""c:a-.c rrom da) 1h1nccn

10 tounccn in group ol ,i,

J.5 ,tt l 111•1 I' C0\111 '"'�'' 01 ,\ vrit,\C:l I 001> ,.._,. '"' Ill I \\'II' C,UOl , ....

l ,in£ the r,,hcr L.ca,l ',jgn11icon1 l)ifkrcncc (I ',I)) 10 ,ompJrc ''"" ,c Io ,J 1111111.c th 

follo"ing rc�u\l5 wen: oblllined

J.5.2 co,1r,,Rl'G GllOl,l' I (CON !ROI,) \\'Int C.llOIII' 2 (C' 0,1 \ ), 3

,c,•TO), J (C'\•C0), 5 rro Q'\I V) ,�u 6(CO o,L, l

I TIie mtJII J1ffC!Cf1"C' ,n )\(1111,C too<l inl.11.C bcf\\C.:11 gnJUI' I rind :?. \\11,,\ I 1.0 Ul p ,

o.OS ,nJic:iting 1h11 ,he u,c111sc rooJ in1.1ke in 1hc control "ll' \1gnlfic;mtl) i;n:.atrt

ih,n thil ufgroup 211nd 1h41 <)IRIJc n:Ju,;cd :ipr,:111c (111hk -1 h)

2 rhc m�n JilTc:rfflCC 111 �,crate fc,oJ m111!.c hcl"«" i.rour I and l "-'' -I Ill 111 r

0 ns ,ndtc.illnl,: 11\lt 1hc \I  I tn the conuol "�' n,,, \lglllllcJ·th 1·1catcr tlun 1h:it ol 
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group J ,ind 1h.11 ll•l/111rt11 r1critf,,,1111l11 annu lkd 1hc reduction clli:�1, of c)anulc: 11n

fuod 1n1,1l,.c 

3 I h� 111can dilli:n:n�c m .\I I bcl\\�-Cn group I .ind .J "a' � 30 alp.,. 0.05 1nJica1111g 1h.11

I here \\ a, no ,1gnilicnn1 dllJci,:ncc in fuod m1okc hcl\\ccn !lro11p I and ,I .ind 1hal

C ·11rc-f111r111 111/111r111 annu llctl 1he reduc1iv1: cllccl� of c}anitk nn Ii �,d intalo.c 

,I llu: n1c.in difference i n  ,\Fl hcl\\ccn group I and; \\O, -171 ,II p · 0.05 al<o 111di.a11ng

that then: w.is no s1gnilican1 difference m rood int.ike 1>c111c:cn lhc t\\o group,. 

S I he llltilll d10cn:ncc in \I I h<.:l\1ccn Group I and 6 ".i' 0.71} al p '" 0.05 1ndica11ng

thnl there "ii' no ,\gnl1ican1 dllTcrcncc in tootl 1n1akc bct11ccn group t�nd 6. 
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I able 4.ll: ',hll\\\ cu111p:1rl'111 hc1,1cc11 llu: ('u111rol ,1n1I i:ruup, 2, J, -1, 5 11111I <,.

I \I> 
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-4.t. nou, ,,, 1c; 11 r

c c 1:n ,tl1\ ll'tor cJ J.11I} nlkr 1\lt1dt the 1nl·1111 \\L'll!hl J11) 11,1�
I he \\CtL;hl JI tht ruts " ·r. 1111., I J . 

c:ikulo111:J 

1 he IIIC,111 \\ cl11hl\ 11,, rau Ill 11roup, IIUC Ill �I\ \\ ere 23K 11 I lU Ill• I KH ,I I I� 111(, I ')Ii (,1 14 1111,,

21�.7·1•> 1 ,31 ll\K.-111 nml 223 )t.2,121! (p<U.ll�I rc1rcc1hd) (lnhlc 171 11h1k the 

D\Cr.l!;l' \\Ctl!hl ch,111i;c lor l!RlUfl� om: Ill ,i, \\CIC 2,1.0 I 17 h['• .7 II ,,, 7 ll• 01 11 .Si:.-� 11 1

IU.511. JJ Ill .lb JIIJ 12 IH20,,IIJ 1c1rc.i11cl) thu\ 111J1cn1ing 11 11cncr11I Jl-tln••· 111 the ho,I)

"c1gh1 ot r.11, In 11roup, thrc:.- nnJ 1,,ur 1111J n scncntl ln�rc.,,c In hoJ) "d!!hl ul n11� In vroup,

on,:. th.: ,tnJ �1, In groul' 2 then:"·'' 111h:,1Jy rcJu,11011 111 boJ) \\CIJ;hl. (I IIJ •I IJ

�.I, I \\I fl \(,1 ll01>\ \\ I l<,111 (,\II\\')

.I.It., t ()\II' \Ill\(, C,ltOl I' I((()'\ I ltOI) \\ 1111 C,llOl I' 2((:,,; 0,1,\ ),

J(l '\, I()}, .I(( '\ 1 C OJ,'.\ (IO ONI \ l t. 'JI) I,(( 0 0,1 \ ),

I I he mc:in 1hllcrcrn:c 1n \U\\ l>cl\\tcn t,:ro\lfl l(l on110IJ nnll cruup 21< N 0111) 111;1,

�O 43 at r O OS 1od1c:s11n1;111 grcJI 1111nllic:mt dtffc."rcncc: hc111ccn �1our I anJ 2 nml

1ha1 1hc:rc: \\.1\ los• ol bod) 11 cicht as a result"' t, at11J c

Ilic mc-Jn J1llcr.:11ci: in \ll\\ b<:111«11 groUI' I 1111d sroul' J 11.1, 12 2'1 o>I r O OS

1nd,�a11111:1 a )ti;n11i.::in1 Jilfcrcncc 1n bod) 11c1gh1 bo:111ccn i:ruur I 11nd J uod 1h:i1

1he n:duclto(l cllccl of C)llntJc on bod) 11c1gh1 1111, \lig.htl) reduced h) T'rf/111,1,1 

,l<-. tdt-1ualu, 

I The:�� 11.ITcrc-ncc: 1111\ll\\ hcl\\tcn i,:roup I :snJ g,oup 4 11.1l l1 11 at r II 0\

1nd1::iuns II s1g.n11i,.int Jincrcncc: 1n bou> \\c111h1 bc111cc:n i;rt11J1' I nnd .:i and t'u1 the

mtu..··uon cOcc1 ofc)anl<k on boJ) 11cli:ht 11ts sii;nlficanll) rcJUC'(d b) I "" l11Jnn 

,./111,nn (I able 4..8)

..t lhc: mc2I1 d1ffcrcncc 1n \f\\\ bc:111c,;n po11p I and £TOUP 5 \\"ll\ 7 7 l al JI O o5 

tnJZ\lin� llul 1ht:rc "a' no '"i;n10ain1 di0crc11':C m rod) \\c1gh1 hdt•«n 11rnur I mil �

S The mean J 1Tac11cc: III ,\U\\ t,ct11ccn i;.rour I and 6 \\.1'1 I� �I al fl O O' md .,,.,,_ a 

'U?Jf".ant d1ITcml''C !n b(-J) .,.,,iht t-cf"«n � I and f, 
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,1.7 ()cuh1r I �,Inn 

I here \\a, no \ 1,lblc ,il(II ol ocul,u k,ion 111111,11111\ t>11e (l ,,1111111) .11111 ,h (<'II onl)'I In 1:1111ur

l\\11 (l N ,inl� l. C.7 I ol rJI\ h,I\C 11\:111111 k)ion (l'IJI• I I) "hil.: 17 l'�b. �I((,•� urnl I I', of

rat, in 11m11ps 1h11:c (l :-. Ill), lour (l :-;, l<>) ,mJ lh.: (Ill ,ml)) hm,c oeulur k,11111

,c,p.:�11\d) p<O.OS ( I )hi �.Ill 

l"),1n1J.: c:iu,c,I oculnr ks1011 "111,h \\,I\ almc>\l �11111plctcl} rc,crn:,1 b� trcatrncnl "1th

T,·l/,11r1,111c c1.l,•111t1/1, nnJ oo �o· trc.11111c111 c,,n l•ir11111l/111ri11 ,1bo ,unclli,rutcJ the ctkcl1 t(1 .i

s1�nlllcnn1 proportion ti I� t -1) 
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I �hk � 1111 l'clll'llhll!(' \\llh 111111\\11111111111.1,111 h,(1111 In 1111 I, 1!1111111' 
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l C lS 11(1 ll
l I uni 70 

70 

,,,1h,11 ( Ill r I 00 11'1 100 o,.

( I I ti '7 70 

l NClNI,

•• \\\lhln I I ur 61 I 11\ ,, • 1(111� 

c ,.uni �, ,� 1•1 

(' 1,1 

'• "11h111 C r r
7/1 6'<. , I ,t • 100(1' 

( ilUlll �l 17 0 

l '- Ccl
1• ,,uhin <,rour 7' ?'lo , I \ If]( 

( ,uni 
70 �"' { 

IU l),I, 

•• �,thin c,rour 100,(1' • , .. I 

c, \ 
70 

ro O"'' , 

•."1th n <,rou;, ,no er .. 
I 

J I f 
lbl 

4 

•. Ctr ,up 
16 • 

= 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



tll 1\11"11 t c-.11111 

111 111111111, un,', 11' ,• nnJ '"· lhcn: \\u, nu "l!" ol 11,,..,,1 lc\11,11ll'ln1c •I 2) ,,1t1lc u, 111111" 11,,,,

thl\"C' 1111,I 10111 HI 11-.., 21 1•. p111I :?,I \'1. 1111hr 1111\ h�J 111 ii 1c-,111n rr 1..:-c1hel) p n U\ f l1hlc

I Ill) ( ,.inlilc M1111ul,1tl'tl 111-,I lc\11111 "hkh "a' \llpllll) 11111cfi1,r111cll h) '1-olh Ii //11lt111

1K� t.l.•111,1/1, ,11111 < '1111 l1oru1 ,1/1111n11 ,111 \l'' 111 1l111c111 (I lg I \J 
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· " • 1 ur ,1 I 111111 1111,ul ,11,,·luua:l' In 1h1 1111111u11• I 11hk l 11 · I',•, ,·,·11h111� ,, Ill I I 

lliKI ll '11

I t)S I !till 

l �,, ... , \

\ � ,,,

ll'.•l(I 

Tll U"I \ 

(()0�1\ 

Jcol 

( I 11,,1,1lt 

I ount 

'• \\llhlll (oltlUll 

l !111111

4• ,,11l11n t ,,, /I 

t 11t1nt 

�. \\ 1111111 C irtlllll

l ounl

4. \\ 1tllln ( ,our

Counl 

•• "tlhln Gn t

(u 

•• "' 1hln orour

Count 

.... ( 

N,1'4111114 h 1r1,

\ I' 

70 

100 IJl 

'It �n 

71 ' R 1, •

70 

100� 

�, I(, 

77 ,. 11 �. 

70 
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I 111AI 
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�o lim, discharge: (fig .J .6) ,,a, fliund in grouJh one, 1hrcc. lhc Jnd \1, ,,hik �8 o,, .ind 

22 �-. of ral� in group, l\\O and four hud nuo,al di�ch.irge rc'>pcc11,cl) p· 0.05( I able 4 111 

C) ruudc caused n�I dischari;c ,1 hich wa., con1plc1cl) slopped on co- 1rc,11mo:nl "11h 7 ,l{a1r111

o,c1elcn1alh. C11rcliortt\ t1l11t,nn ol,o reduced I.he n:isJI di..chargc '1gmlic.;inll� on co-

lrealment with C)anidc. 
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Table �.12: ',ho,,\ the OrJ?an \\c1eb1 llll110 ror lhcr 

GROL PS \ VI R ·\GI ORG,\ � \ \'LR,\<,L uoo, ORG,\1' 

1 

2 

., 

6 

\\EIGIIT(I IVLR)(&) \\LIGIII (£) \\[IGllfRAIIO(O\\Kl 

-1.82 :t:1.01

5 15 0 S6 

5.1210.56 

l.7'>i0.76

-1.68 0 62

� ORG,\N \\ l luHT R,\TIO

238.86-,- 30.-1 

188.43J..IS.9 

196 S7J. 3-1.9 

21S,7LtllJ.2 

23 I. I -1 iJ8.-l 

223,29 2-1 2

6l.!·�'J(,II I

.\ VIR,\Gr DOD) \\ tlGI 11

,,s 

0.020 

0.027 

0 02S 

0.0� 

0.021 

0.021 
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4.10 LI\ 1-..R \\ 11(,111., \:\I) C,\LCl I \ l 10,., I OR OR(;\'\ \\ I 1(,111 
ll \ flO (0\\RJ 

I 111c n1can li\cr \\eight ol rots in group I \\illl 4.82±1,01 \\llh 1111 O\\'R ( lahlt: 

4 12) of 0.0'.!0

, The mean li�cr ,1cii;h1 of rats 1n group 2 \\a\ 5 I.S t 0.56 ,, ill .in 0\\ R of O.D::!7 

3. TIie rncan h, er \\Cigh1 or rots in group 3 ,,:b-1 99 i 0.60 ,, i1h on 0\\ R of 0.0::!5

4. The mean h,cr weight of rot, in group 4 ,1a<, S. I 3 i. 0.56 ,, ilh an 0\\ R llf 0.023

S The n1cnn Ii, er \\c1gh1 of rob in grllup 5 ,,.u 4,71}1 0.76 \\ i1h an 0\\ R of0.021 

6 n1c mean Ii, er \\Ci&111 of r.11� in group 6 \\illl 4 .68a 0.62 \\ ilh Jn 0\\ R of 0.021 

CN caused cnlargc:mc:nl of the li1cr though ,,i1h no ,ii;nilicanl difference bcr,,«n lhc: group,
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I .iblc 4.13: ,,cnlJ!I.' Ul"j!:tn (l..illnc�) \\tight anti or,?un \\cieh1 rulin for 1hc 6 i:roup,

--- - --- -

<.,RC>L 11!1 ·\ \:T·RJ\Gf ORG·\� \ VI R,\til BUD' OR(, \:'I.\\ 1 IC,111

\\ flGIIT (t..lD�r.., Jig) \\'l IGI 11 ltl R \ 110 

(0\\ R) 

I I l5i.0.20 238 86 • 30.4 0.0048 

., 1.27-0.15 1118-13� 15.9 0.0067 
-

3 1.27!0. I I 196.57.!:3.\.9 0.006·1 

4 1.IOt-0 10 21S.7li:l9 2 U.0051

s 1.11:t0,07 231 J-1 JR-I 0.()0-11! 

c, 
1,17JO.l4 ;!73.29 :!4 2 0.0052 

-------------------------

ORG,\ � \\ LIOII I R,\ I 10 \ \ I RACil OR,.Ci-\N \\ I lul 11

\ VI R ,\GI OOD'I \\. L IGI I I
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� 11 1, 11) 'I \ \ \ I I<, 111 \ \"II) < , \ I ('II t \ I I( >'I, 1•0 tt o tt<, \" \\ I II, 111 H \ I I 0 

I I he 111..:1111 I.Hine)' \\C11•h1 ul 1,11\ In 111uup 11, a\ 1.1 S 11 20 t I 11hlc I I l I "1lh un cir&Jln 

\\d11h1 r.11111 (ll\\'H) 1110011-IK. 

2 I ht 1nc.111 l.ld11c, \\Cll;hl ol 1111, 111111oup 2 \\ll\ I 27 1 II IS 1111h on org.sn \\C11.(hl r.:illo 

(()\\ Ill Ill 11,110(1 

l I he IIIC,111 \.ldnc� \\Clghl ul rill\ 111 group l \\,I\ 1.271 0,11 \\(h un OIJ;llll \\Cljllll OIIIO

(l)\\ Ill ol O.OOh-1

I the 111c,1n l.idnc, \\Cighl uf r.il\ In group I 111,, 1,10 t Cl.Ill "11h an orpn \loc:1ght nillo 

(()\\ Ill or ll.OOS I 

5 I he 111c.111 l.1Jnc) \\d�hl nl r.11, In i;ruup S \\Pl I lit O.U7 (I uhk ,1,IJJ "'th an org.in 

,,.:,i;ht r,11io (l)\\'ll) nl O,OO�K

c, lh� mean 1.IJnc) \\<:fl!lll of rJl\ in i:roup (1 wu\ I 17 U 11 "11h an orc:sn "-c1i.Jrt ratio

(0\\ Ill of0.00S2.

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Tahlc -4.1-4: Sho" comp:irum bc"1ccn 1bc mc:io li.idnC) \\ti)!hl fur l!ruup I (conlrol) 

"tth l!roup 2. J, -4, 5 and 6 

----

GROUP� TT-ST \lL\N 

(g) 

P- \ \LUI;
CONTROL 
Xlc:in (e) 

-

1.15±0.!0 3 

1,27!0,15 I'> U.05 

I 27.l:O 11 P> 0.05

1.10:!0.IO 11 U.OS 

I.I l�0.07 11> O.OS

I 17 i0.1·1 
I'> 0.05 

--

")') 
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111hl� �. I 5: Shu\\ II\ cn1i:" ori:un (h111l11) \\\'ll!hl 111111 uri:1111 n dµh1 n,1111 fur lhl· <,i:ruur, 

OROur 

I 

\ \'l It \t,l UIU.,,\ � 
\\'I IC ii 11 (OR \I\;) (i;) 

l.11110,IJ

l,7Ji0.0K 

I S610JI 

1.75t0.I I 

IA'>l0J2 

I S8i0 2'> 

\ \ I lt\C ,I llUL>V 
\\lll,111 (J') 

2lH H6t JO -I 

188 -llLIS.11 

IC/b S7t)-1 '> 

21.s.1111.111.2

231 1-lt:JK.-l 

I (I( 

Ol<Ci \N \\'11(,111

rt,, rJ() 

(0\VI() 

0 001,H 

0 00'l1 

0.00711 

0.0081 

o OOf,S

1)0071 
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-1.12 llllAI' \\ I IC..11 l !'l '-''I) (. \L(LL \ 110,s FOR OllG \'.\ \\ f IC.Ill' ll,\ 110

I. 111e n1can organ (brain) \\Cl!,!hl of ruts in group l\\1l\ l.t>'lt o 11 "'lh an oi:yan ,\c1gh1

r.1110 (0\\'R) of 0.00611 ( I obit -I IS).

2 TI1c mean o�an (brain) \\Cigh1 or r:its in grl1Up 2,,a, I 73 ! O.Oli \\llh an ori;,sn \\C11,hl

rauo(O\\ R)ol0.0091 

3 The n1can Oll!M (bruin) \\Cl£hl ofraL, in group 31,as 1,56 iO.Jh,ith an ori;.sn ,,.:1ght

ratio (0\VR) of0.0079 

-1. 1l1e rnc.m Oll!On (brain) wi:ight or rats in group ·I \\.I\ 1,75:i: O.I 1',ith an organ \1cigl11

ralio (0\\ ll) of 0 .008 I

S lnc mean organ (bruin) ,,eight of rots in group .S \\'1) 1.-111 10. 32 "ilh nn organ "eight

ra1io (0\\ R) of0.0065 

6. I he mean orgnn (brain) \1cii;ht ol r-Jt\ in i:roup 6 \\�\ I .SK l0.29 with on or�un \1c1i;ht

r.1110 (0\\'R) ol 0.0071,

-1.12.1 lilt<:,,, ORAli' \\'EIGll'r

4.12.2 co,11• \Rl"l'G GUOUP I (C01' l HUI,) \VI r11 GllOl.l'!, l(C'N Oi\l \'),

J(C'l+·l'O), -l(C' + C-0), 5('10 ONI.\ l ,\ ,o 6(CU ONI \'l ,  

The mean diff1:rcnijc t,ct11ccn the rncJn brnm \\d!lht ol r.sl\ in J;nlUfl I 11hcn con1pJn:d 1111h

1 3 , 5 . ., <, 11 U\ .o 09 0.08. -0 .11, 0.1 S and 0.06 .st p>- 0 .05. lnd1c11tini;

those ol group, • �. ,,nu • 

· ·11 . t d'II •rtncc in tl1c mean hram 11c1ght of r.H' in i;r,,up I 11hcn

1hnt there 11a\ no  ,1gn1 ,can , c 

comp;1rcd "ith 1ho\C of llroup, ?, 3. 4· 5 Jnd 6·

I 111 
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oocco1r.11100 for \.LI. \l.l'. \.'-,land PCY iu l!roupl 1<1 b
T.1hk -ti 6: Sbo,, the mC110 c 

:-.lean 

Conccn1ro1ion 

(U1L) 

GROLPI 
GROUI' 2 GROL'P 3 C.ROlJP -1 GKOL P � GROUP 6 

,\I T 

·\I I'

\\f 

re., 

KEY ALl 
\LP 
,\S1 

36.·li' 23.7� -16 4 25.6Cl 29 8t20.-I 57.6• Ill 36 -11 Rt.24,53 3-1.8 t2l li2

29 6t 17,42 106.2 -10.0S 27.6t2-I 54 .S7,0i:25.87 ,IO. lt-32.71 -16 21.20.85

32.6:!2·1.-I 

71 llJ.06 

123.l. 32.62 27 6!2-15-t 68.6t3H.69 30.C,!.I0.78 16.!itll.-lli

7 I.bl. t.85 67.2! J.60 72.l!L 2.-10 72 c,11.49 66.61 I.II) 

\IJn1nc f,nn<,11minJ'-<

\lkalinc Pho,ha�

,upnna1c Trun..:inun.io..:
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-1.13 RI �l, LI � RO\I UIOC II 1·-�IICAL \\ \L \ ',I', I Ott t I\ I· R • l,i\C 110'\

I \Z\\ll�l) 

Ou: mean conccn1t1111on fi>r ,\I I (or ral5 in grour, one to ,h. urc lt,.-1 t .?J 75. -111 ,It. 

25.69.29.Si:20 -1. 57,6! 18.36, I l.8¼-2-1.>l and J4.8t23.82 n:,recthcl> I l'obk-1.16J 

The ,nc:m conccn1.r111ion for -\LP in group, one: to si, ore 29.61: 17.-1!. 106.:?r-l0.05. 27 .6i 

2-1.5·1. 57.0¼ 25.87. -10.-1..- 32. 73 and 46 l.. 20.85 rcsp«thc:I> ( I able -I .16)

The mcnn conccntrntion for -\ST for rots in group� one to '" an: 32.612-1,·l, 123 !:t:J:? 62. 

27.6> 2•1 .5·1. 68.6 18.69 30.6 10.78 and-16 II IJAK rc.,f)C'thcl> ( roblc -1.161, 

!he n1c,in conccnlnllion !or I'(\! in 1,1rour" one to sh :11� 71.2±3.0tJ. 11 .611.115, 67 ?tl.60.

72.ll• 2 -10. 72.6 I \I) aml 66.(11 1.85 rc�f'CCII\CI} I l.1bh: ,I 1(1)

IIIJ 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Tobie ..i.11: Shon con1pari,n1 hcr11cen the mcJo \LI ror �roup t 11ilh i:ruup ?. J. -1. S 

and 6 

CONTROL 

,1c;in L l 

36-1!: :?3.75

GROUPS 

2 

3 

6 

I'- \',\I UI 

-16.-1± 25.69 I'"> 0.05 

P> O.OS

57 6 1836 I'> 0.05 

-I I.Rt24 .SJ I'> 0.05 

I'> o.o�
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"4.IJ.I \I \'\'l'\r Tll\\�\\ll\ASF (\IT) 
\If" \ \ \I.T (n1can ,\L 1) 

-1.IJ.2 CO\IP \RI\G GROl PI (C"O\TROI.) \\ 1111 GROl P'i ?((\ 0\1 \ ),

J(C\+ I 0), -l(C\ + C"O). S(fO 0\1 \) \ \I> 6(CO 0\1.V). 

lhe mean diITen:n.:e in the: mean \I.T conccn1r.1tion 1>.:1,,�-.:n �roup� I and:? ,,a, -10 0 :! 1�

al p< 0.05 indicating thut there \\.C. n �ignilic.inl diffcrcncc 1n the mean ,\1 T conc�ntrnuon

bcl\,een the 2group, (Tahk 4 17) 

I he mean difTcrcncc in the mc:1J1 ,\l. :T concentm1ion bc1,,.:cn !!roup� I and 3 ,,a, 6.6 16.08 al

p O.OS 1ndka11ng that then: \\a\ no �i11nific.1n1 J11li:n:ncc: in 1hc mean \I r conccnua1ion

bcl\\ccn the 2p.rours ( I nblc -I 171

I he mean dlllcn:ncc in 1hc mc:Jn \I I c:onccn1ra11on bct\\ccn group\ I �nd -I "ll' 21.2 16.0:!

n1 p' O.OS mdicnting that then: \\3.\ no ,ii;nific.in1 difference in the mcJn \LI conccmr.111011

bcl\,ccn the 2gruup, ( I nble -I 17)

Inc mean JifTcn:ncc ,n the 111c:in ,\I.: I concc:ntmlton bc:I\\Ccn group, I nntl 5 \\J\ -5 I U.XI!

al� - 0 .05 1ntlic:t1mi; thol then:,,�, no ,ignilic,:mt diOcrcocc in the me.in ,\I I co11ccn1r.1tion

bct,,cc:n 1hc :?group,.

n J· 11 n tltc mc:ntt Al I concc:nu-:s1ion t,,:11,ccn i:roups I �nd 6 "J' I.(• 10 I ,II 

tc ntcan , crcncc , 

0 05 d - I I there ,, h 110 )i"nificant difference: in the me.in /\I T conc(ntr .iuon

p: . ,n ,c:.111011 1 1a • ,,.. .  

bc1,,ccn 1h.: 2i:roups

tOS 
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Tohlc .$.18: '-,ho" cnrnparhm hc11,ccn the mean \l.r for l!ruup I nlth l!roup 2, 3. -'· S 

:ind 6 

CO:\TROI GROUPS 11:.S r I'-\ \LL E 

\k.1n u L \If.AN 
UIL 

l r> o.os

I 06 2 -10.05 

3 27.61:.2-15·1 

I'> 0.05 

1>-.oos 

57.011.S.87 

)9,6 17.-12 p� 0.05 
-10.•I 3�.73

6 
-16.2i20.8S I' u.os 
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l;1bk .$.19: Sho" com113rum bth\ccn tbc mean \LI' r11r j?rour l'lilh J!ruup J untl-' 

GROtr2 

(C'-O'IL V) 

\le:in l,ll 

106 !.¼,I0.05

GROUP::. 

3 

., 

Tf�\IEAl\ 
t, L 

57.0i'.!S.87 

107 

�It \N P- \',\I l r

DIFFF'RF�CE 

786 l'.>0 05 

f>.> 0.0.S 
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rahlc -t20: \ho11, compari,m hc"1ccn rhc mean \IP for �roup 3 \\ilh ,:ruur 5 anti<, 

GROUl'3 c.ROl rs I L�I \IL:.\'I: P -\'\IUI 

(C1'+ Ffl 
LL 

J>-lcJn L L 

5 40.�:l:3�.73
P> 0.05

27 .6 24.5·1 

6 
-16.2¼20.!I.S

I'> 0.0� 

1011 
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l'ablr -1.21: Shu\\ co1npari,n1 hct,,eco the mean \LP for eroup -I" ith i:ruup 5 :1111.I 6 

GROUP4 

CC'- vL) 
�lean L.'L 

57.01-15.87 

GROCPS 

5 

6 

TTST �!Ci\� 
vL 

�0.4 J2.7J 

-16.1!20.IIS

IO') 

p. \',\( lll

1'>0.ll5 

I'> 0.0) 
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-I.I-I \L}{,\I J'\F PIIO"Pll,\TAS[ (Al PJ 

\ll. \:'\ ALI' (n1c:1n '-LP) 

.i.1-1.1 CO\IP \Rl'-G TIIF ;\IF:AIII GROL I' l cco, 11{01.) \\ l rll r:not I'" 2((' 

0'\L \'), 3(C'li+ TO), -l(C:'\-,. COJ. S(TO ONL \') \ '-ll 6(CO O:'\I. \ I 

The mclll d1ffen:m:c 111 the n1can ALI' conccn1ra11on bct\\1:Cn group� I .ind? ,,.i, -76.6 1.!5 3

at p> 0.05 indicating that lhcn: 1\35 no sign1licnnt d11Tcrcncc in the mean \I P conccntrauon

between the ? group, (Table -I I 8).

'\he mean difference in the me-Jn \I.P concentration bc:t\\<'Cn iroup, l anu 3 ""':? 0 'l 65 Jt

p"> 0.05 indicating thOI then: 11.i, no signilic.1nt dilTcn:ncc in the mean ,\I r con,cn1ro11nn

bc:t\\cen the 2 llroup, ( I nhlc -I I 8).

·n,c ntc.in di!fc�ncc 1n the mc.1n ,\I P conccntrouon bc:t\\«n group• I and -I ,,o, -27 ·I 19.45

ot r- 0.05 1ndicatin1: that lhc� \\J' no ,ii;nificant diOcn:ncc tn the mc;111 \I I' conc.:ntrJtinn 

bct11ccn the ' groups

lllc mc,,n u,ncrcncc in the me.in ,\I P concentration t,ch,ccn �roup, I and 5 "a' -10.11 1 I 7 11 

ot r o.oS ,ndic,itinl! that there "•" no s1gnili.:.m1 Jiffcn:ncc In the""�" ,\I I' .:on,cn1ra11on

bct\\ccn the 2 i:roup,

'" 11· I th me· n \LI' conccn1ni11on be1\1c:<n l,\rour\ I nnil 6 \\.i, .1(,.6 !.3,10 

, ,Ill tnC.ln 11lcrtncc n c a • 

. 1 1 I ., no ,i,•n1t1conl Jilfcr,;nc.: 111 1hc n1c:an \I I' conccntn11iun 

�, P."' o.o:s ,nJicJt ns 1 ,�1 t 1.:rc "- " 

bcl\\t:Cn lhc ' group, ( f.ibk ,I 18)
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• ) 1111 C.KOl I'" J(C'\+ I 0) "'I>
4.1-'.2 co,1r \IU\(, GltOLI' '>((' o,L,. ''

4(C\ -1 CO). 

llu: mcJn diflc:rcn�t 1n lhc m�-;in \I I' · · �onccn1m11on b.:111�-.:n group, 2 1111d l \\3\ 71i.b � I 'i 1,S

" �� no \1gn1 1can1 1lkrencc in 1hc 1111:.in ·\I I' conc.-ntrJll()O
111 p> 0.05 indicu1inv 1ha1 1hcrc \\, ·1· d 

bct\\cen the 2 group� (Table �.19). 

The mean difference in 1hc me.in ALP concen1ni11on bct11o:cn group\ 2 and -l 1, 49!115 85

al p� 0.05 111dicu11ng 1ha1 !here 11.lS no signitlconl difference m 1hc mc:in \I I' co11ccn1r.11ion

bcl\\CCn 1he 2 group� (Table •l.19).

-l.1-l.3 COi\ll'AlllN(, J(C'+ rO) \\ ITII GltOLI'', 5(10 O'iL\) ,\ D 6(CO o,L Y).

Tht mean difference: in 1hc mean ·\IP conccn1r.11ion h.:111ccn group l .1nJ \ 1,.1� 12 8 7 -16

.11 p 0.05 1ndica1111g !hut 1hcrc 11,is no 1lgnifica111 diOcrcncc in the mcJn ,\ I.I' cunc.:n1n111011

b.:l\\ccn 1hc :? g,oup, (Tubk ,1.20)

lhc mean dillcrcncc in the mean ,\I I' contcn11111ion bct1,ccn grour, 1 oml <, \\.ll •l!i 6 t5.li2 

al p> 0.05 indicauni; 1ha1 1hcrc 1,as no ,1gnifk;u1I difference in lhc mc:tn \I I' con.:cn1r.111011

t,c1>1cc11 the 2 group, (I itblc 1.20).

-1.1-l,.$ CO�IPi\Rll'IG t:ltOllr' .$(C� +CO}\\ I r11 Git Ob I'S 5(10 01'1 'J ,\/\Ill

(1 (CO ONLV) 

lh d·11· · 11 c 1nc·1n 1\l r �on.:cnirauon bct\\.:.:n ll'""Jl' ·l .1nd S ,,a, 1(1 <• 7 6(, 

c muon I cr.:n,c in 1 

0 < d · th I th ·re \\.1\ no ,,,,nifk:inl dilli!rcnc.: in 1hc mc,111 ,\I I' c;onccnlrJIIOn

Jl p- ,0., 111 1(;11111£ il C D 

bct\\.:.:n 1hc 2 1,!IOUP' ( l,1hlc -l :? I)

. · h '" .\LI' c11nccnlllllion fxt11ccn g,o11p, -I and 6 1,:1, 10.8 tS.62

The mc:.1n d11T�n:ncc 1n I e me-· 

. 1 ti 11:.1� no �i"niflt:tnt Jiffercnc<: in the rnc.111 \I I' conccn1rn11on 

111 p> 0.05 1ndlcn11ng t 1a1 1crc • "' 

bct\\ecn the 2 group, (Table 4,211
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I 11hlc .t.22. 'ih1111 c111111111rl\111 hl•t11rc11 lhl' 111;-an \', I fur i:r1111p 1 \\ Ith 1:r111111 2. J, I,� 

.11111 (l

( 0\ I llOI C ,RO\ I'\ 11· \ 1 1'-\'\1111 

\l\'1111 l I 
,11 \ \ 

l I
I' u.os 

2 
(1.\.l lll.2� 

I'> II.Cl� 

J 
27.(,ll I, ..... 

Jtlit2-1,-I I'> II.fl� 

... 
MIJ, 1.Jll ti'J 

I'> II.II� 

� 
JU 6tl0.7H 

I'> ti.ti� 

,, 
-16.8• IJ.Jk 
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I 11hk �.2J· ',ho\\ c111111n1ri"11 hc111c1•111hr mr.111 ,.._ I fur urunp l 11Uh uru1111 J 111111 I 

(, \lOl I'? (, IUllJl'S ,, ... , ,11 '" 
I'·\' \I.Ill( 

(( '\ ()-.I \)
I I 

\\t.1n l I 

J 
J� l,i� 2'1 

I'� II II� 

I'< U II� 

fl.\.?tlll.l� 

II l 
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t.ihlc-1.2�: ...,h,111 co111oarh111 hrl\\ll 'll lhl· 111c,111 ,...,, lur µ1·01111 J 111th l!ruup !'i ,11111 (,

t:R(11 11 3 

(( ,. 10) 

\lc,1n I I 

(,l{()l,I' .... II ',I \II ,, 
I 1/1 

Jtl.(1. 10,711 

�<,,Ill I JAH 

l' \\l.ll 

I'.> fl II� 

I' II.II� 

---
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hihk-1,25: �111111 c11111p11rl,111 hcl11ccn tlll' llltllll \',I fur 1(1111111 t 11l1h l(ruup � 111111 C, 

(,\Ulll' -I l,ltlH I'\ I I" I ,11 Ai" 
I' \' \I tll: 

((,.CO) l lfl

,1�1111 ldl 

C,'l,I• JN,611 � 
311,(P I 11,'IH I' II.II� 

(1 
-11,.H I J. IH

I'> II.fl� 

-

"' 
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.t.l!i \"l'\lt'I \II llt\,S\t\11'1/\!-,F(,\SI) 

-t. I�. I C()i\ II' \lllNC, C,HC>l I' I (CO, 1 IH>I,) \\ 1111 C,ltOI I'', 2((, UNI \ ),

J(( ,., I()), .t(( \ t ( ()), !i{ I() ONI \') \ ',I) 11(( 0 0\1 \ ),

' conccntr.11 on l'<l\\CCll !;IOIIP\ I 1111J 2 \\IU .)o 1,14 Ii
I 11.: n1can dilli:n:ncc 111 the mean \ "i I I 

ot p<0.05 111J1c,11i11g that there \\ll\ � li.;nlO, int dllkrcn(c In thc- mc:in \SI conccnlr.111un

t,c111ccn the 2 11roup, I I o1hlc ,I 22)

ll1C' 1110:an Jilkn:nco: In the mean ,\"ii con1:c11tra1io11 t,c111ccn grnup\ I 1111J l ,1111SII111 12 n 1

r� 0.05 1nd1�·.11lni; tl1111 1hcrc: \\111 no ,111niOc1111t d11lcrcn,c in the mc,111 ,\..,, ,.,n,cnuatlon 

b.:t\\ccn the 2 i;u111p, 11 uhh: 1121

lhc: 1110:un Jtllcn:n,c in 1hc 111c.in ,\�I conccn11n1lon bc:l"«'" ewur, 1 �nJ I "a' .11, u 1, 11

111 r� 0 05 1nJk111ing th,11 1hcn: "�\ no ,jgnllk..inl d1llc:rcncc In 1hc mc:in i\!> I concc,nr.illon

Nl\\O:tn the 2 i;roup, I l11blc ·I :?2)

lhc mean J11Tcr.:m:c 1n 1hc ,n.:nn ,\'>I con.:cn1r:i11011 htt"ccn s,ouf'1 I und S 1111\ 2 0 15 27 

Ill J'" O OS 111du:111111i; tl,:il 1hcr.: '"" no ,1i;n1fK:lllll ditTcn'"llCt in the mr.in ,\!> I cotKcntnillon

bct\\.:CO the 2 i;roups. 

lhc mc:i.n J,nc:rcncc in lhc mean,\'> I conccninuon t,ct"ccn .,:rouf" I and b \\D\ -14 2 ll 25

111 JP' o.os ,nd�llnll ,hal ihctc \\D\ no i1gn1f�n1 J1llcrcncc in the man \Sl ,onccntra1ton

bc1"cm the 2 6rou� \ fl:11,lc 4 :?2)

II 
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.a.15.2 C()\11' \ltl,(, GIU)l I' 2((" O:'.I 

ro) 

. 'l ,v1111 <,Ho1 i•s JC< , • , <>) "�n �,c-.. . 

I he 111c:.111 Jillcrcn1:i.: in 1hc IIIC,lfl \\I . . . 
• 

c1111c�n1n111t,n l>c111 rcn l:roup\ 2 .,nJ J '"'\ l �.II I I 2•1

,II p<' 0.05 111Jic,111ni: th.II there I ' I . "L '1 '1;ntl1i .. :u.t ilillcn:nc.: 111 the 1111.'IIII ,\ '-i I tc>m;c111r,11fnn

111:I\\CCII the :? l!nlllfl\ l I ubh: ·1 2.l) 

�. r , · C(l11ccntm11011 b.:t11,cn ltroup� 2 unJ ,I 11111 -S.·1 t,, I K.-11
I he 1111:an J11lercncc In the 111 • 1 , \S 1 

31 r< O.OS 111dk,11l111! 1ha1 there "'" II \li:nilknnt Jillcrcncc in the ,ncan ,\ s I conccntrnllon

\lch1c,:n ths· 2 i;nlllp� ( l,1hk I 21)

.a l�J ( ()\11'\IU\(, (,lt<ll I' J(( \1 '10) \\1111 C,llOl 1'', �(10 0,1 'J ,-..u t,(C Cl

U\I \ l 

l'hc 111c.1n J11lcn:ncc 111 the mcnn ,\SI cooc-cn1rat1011 l,c111,«n 111oup1 3 and� 1\.1\ -1.0 t IS lK

111 r'> 0 OS 1n,hc,11111g that 1hcn: '"'' no s1g111lic,1111 d1llcrcncc In 1hc mc.1n \SI ;:011ccntn1t1011

bct11«-n the :? i;rour� I I 11hk -I 2.a 1

lllc mc;in d1lfcrcn,c in 1hc nu:, , \\I cnoccntrJtlon bct\\Cffl gr0Uf'1 3 onJ 6 "IS -1'1..2 12 J(,

al P" O.OS 1nJ1c1111ng 1ha1 then: 11.1, 11,1 ign1ficnn1 d1ficn:ncc 111 1hc mean A�1 "mec1111.illon 

bct"ccn the? grour� 1l11bk I :?,I)

J,l!i . ..S ("(),II' \IU\(, (,rtOl'l'-1((, � ro, \\ 1111 (,ROI, .... � fl O ()''·' l \ \I)

t,(CO <>'I\), 

1hc mc:in Jrlfcrcncc 111 11\C n,c:in ,\._ f conccntt1IIOO l,cl"CCn gr� .I and 5 "&\ }£ 0 1 I J 

:11 p-> o OS andrcallllS ih.:U ,� .. .i� no �1gnrfte�I J11facnc-c rn the nlCllll \', 1 c.:,r,.cntndlM

bcl"-ccn the 2 �(lllblc 4 !Sl 

n·.c l!lCllf1 d rrcrcncc 111 the md111 ", 1 conccntt11•t011 t,et.-«n i;.rour- 4 mnJ <, .. n 2111 21 1

.... , • ..__ "1t< no ,1gnlf,cJS11l d11facn..c 111 the nlC3II "' I "in..--cr. :c,n 

as r o OS 1nd�t1ng u .... u ..... 

bcl .. ccn 1hc 2 graur' (Table 4 25)
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1 ahk �.2<1: "',h11,, cumr.ari,m bt 1\\ttn rbt m.-.in l'C \ !or =ruuJI I ., 11h i:ruup 1. J, -'· "

and h 

C, I\Ol I'', 11,1 ,,. \', 1•.\\l.ll. 
co, I ROL 

\k.1n tlfl 
l I

2 71.fri l.85 I'> 0.05 

6
1 2:tJ,<,() I'> 0.11� 

11.s. 1.�o I'> 0.05 

71.UJ.06 

11.c,1 ,.�9 f'> 0.05 

,, 
66,6� I.Ii� I'> 0.05 

11 II 
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.,.,,t,,11 I llttl\111111'\(klllllll \1111\11 ll'f\l\'''''I"'" ... ''''' 

ftc,I 11l\ll1\Ul1'«, 1,lttlll' I 1111\1111111 \\1111 flllllll'" lit' 11,1\1 

.)(1,�ttll, l\f '\ • 1111,"tlllll"il \1 \t\111,il 1111\1 \I 

I 

� 

I I 

I I '" \ 

"' \ 

I I I 

I 

I \ 

t I 

I I 

' 4 • ' 

t I 1 I 

I 
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-1.17 111, I ()I'\ 1111'1.0(,IC \I ,\N,\I.\ :-.rs ltl "' I I 

lh.: r.it, thn:c In n11111hcr \\,:re pi 1.cJ rundnml)' for h1,11,p.1tul llg1cnl ,111,11)�" ()unhlilll\t' ,11111

on hi,tup.lll,IOa"·'' ,111;11}�,, lnJic.tllil 1h.i1 C) .. :itifc lnu,,J ,lil!III Lfl'1!t:ncr,11h n ol lht 

hcp.ilu.:) tc, lll the ltvcr, nccru, .. ol the li\l:r ,mu ,1li;h1 lllll&� 1 11 "' the killuc) I hc.c 

'> mptonl\ "ere ab,ent "ith th,.: i;rottp\ 1r.:a1c:J \\ ilh i:ruJc ,,atcr ,·,Imel, of the ,cr;cu11>t� 

.1loni; ,,uh l'ot,t,,i11111 l\nni1k tis(�) llo1\c1cr lhtrc \\,1, c11J 'Ille of 1,n,;c:111011 ol hluoJ 

,,��,� 111 both the lh er 1nJ the I.it.Inc) ul the 11ruup1 ( I nblc ol 271 I he 111111111, 111:a1,'J \1 llh lhc 

1 ,.:gc1.ihk, .ilonc i.hO\\O:J link or 110 oh"'r,,)hlc hha•r-11holnt1} n:1('«tl1cl) 
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lnhlc -1.27: Shon, le,el of tl:imagc In 111 1 1 c JrJ 0• h•tr :and l.ltln� in nil lhc: t, eruup,

GROl'P 

I 

GllOUI' 

l 

GROUP 

3 

llESUL r ..-1<0\Ji11� IOPA TIIOLOG\ \\\I \ 'ii', 

It\ 1 

RI 

111 

11\ � k 

No , 1siblc lesion 

E 1 'lo , isible le�ion 

112 S llgh1 dcgc:ncra11on or the

hcp.1loc} tc, of the li,cr

L2 :..1111tiftic11I dcgcncrauon

unJ nccro$i\ or the lh er

"1th lo�) of hcpa1ic: corJ\

ot 1hc 11,cr 

r2 No, "ibk 1c�1on

IU Coni;c�1ion nf hlooJ

, cs<;c:ls, n1ilJ por1nl

I> mphnc> tic infiltnllion

llJ Focal-cc n1riu lobulJr

hcpJtic nccro,i\

"10,1 \ 

Nce�i� of 1ubulJr

cp11hc:li.il cell, 

111 ild congc,tion 

slii;h1 congc,tioo 

'ilighl congcslion 

\lilJ l,.1Jn.:) �oni:c,1i11n

Congc)IIOII ofhlooJ ,c�<,els

c:ongc,tion of blood, c,,cl\

L.o-., oftubul.11 cpi1hcliJI

I 13 rocol·hc:p,11ic

Jcgc:nc:rJtion Jnd Nccro)i'i cell, of the pn.1\lmal tuhUIC!i

pon.tl•I) 111phOC) IIC
t'oncc111<m of the: hlood

� intll1r,1tion

,21 

---------

Ilk\ 1, 

No , hibk lesion 

�o , i,ihlc h:smn 

No, lsibk lc,ion 

No , hihlc k"\1on 

Congc,11011 of 

hrJln 

�0 Vl\lhk (c,11,n 

Shgl11 cong.:,unn of 

blood ,c,..cl• 

�o, i\lble le-1011UNIV
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c.·ongc!>tlon ol blood

GROlJI' l'-l \�els 

� 

�tuhilocal 

£-l hepatic nt:cro�h 

TS Congc�tlon of the brain 

RS \lild hcp.iuc nccros1� 

CROUI' ss \:o , 1s1blc k,ion 

5 

GROUI' IG No ,·isiblc lc,ion 

U6 Ntl "i,iblc lesion 

116 1 h:patic ponal ncc�1'

ti h mphouc ,nfillr,uions
on 

-

122 

, ,-ssels 

No, ii.1bk k.-sion :-:o , 1i.1bk lesion 

CongC)tion of blood ,es-..:1, Bio:><! , c::-..c:b

,onge-,1100 

Congcstton of blood ,css.:ls Ccntml ond p!lnal 

m:cro-," 

:-;o, "Ihle k,i!ln \'ocuol:uion nnJ 

Jci;cnC1'3111lO <If 

1ubulJr c11i1hcli�I 

cells 

;,,.o \l,tblc k,ion 11.o, iMhk lc,i11n 

r.11,, of 1ubul.ir ,1111hcli,I No , i,iblc l�1on 

cell� ol 1hc pnl\i11tJI 1ubulcs

C:ongc,1,on oflhc l..idnc) �o \t\lblc ksion 

No v l\iblc lesion Nu , i,iblc lesion 

-
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CIIAl'TFR FIVE 

DISCUSSI01°'\ 

C)Jnidc pohoning c�pcciall) from cc"'· -111 di.#1-' �-• .._ ,... • _, ,,.., �n 1mplic"J1cd in ou11>n.-ul., ol

ncuroloi;ic.il di,ca.,�. One ronn or C).tnidc -n:lnlcd disc.i,e 1� 0 ,lo\\ I> de, eloping nt.1,ic

m) cloncuropalh} originall) described m N1gcna (Chuntokun. 1968. 1973. 1981 ), the olhcr 1 \ :i

,ub- acuh: dhca,c 1nan1rcsl pnnc,p:illy b) �paMic p.llilpJn:sl\ (._onzo) (Clln c, 11 1985,

IIO\\kll cl ul., 1990. Roslmg. 1991. t,llcsl,.3.r al 199:?. 1993 1994) The dc,clopmcnl of

thcsc \) ndromc, is h)'polhcs11cd 10 depend on (a) the ommount Jml dumlion of e,po�ure 10

C)anidc. und (b) the nb1lil) or the bod} 10 dc10,ify t}:tnidc. ii function lhal ml} \;JI) \\Ith

nulritlonal stt1tus Cassa, a asso<:ialed ncurologtt di,c.uc h:is been n:pot1cd thr11ughou1

�ulhcm -\frico (except South Africa) and pasu of ccntr.11 nnd ,,c,lcm ,\fricJ If Cil™'J pl.int

1s not adcquotcl} dcto:\itied during the processing o r  pn:p.1r.11ion ol food. ii 1, po1cntilll) lO\IC

bccau5C or the rcle35e of this preformed h)dro;cn C)JOidc. "Ilic h)Jrogcn C),initk ,, rc.1dll)

remo,cd durin& processing of CJ!>\3,3, ho\\C\cr. the pn:scn,c ul rc,idunl linamarin and ,L,

O" t h d · · b···" food nroduclS hJs 1hc p111cnliol to c:iu.c 3J, er-...: hc,1l1h
,c one cynn o > nn in t>a\Sll' ii· �:,cu .-

effects in communitic:, "here cru.�vo h O ,uplc food C>· nidc con1.:11nin11 planl rnxluct, lite

_ _ 1 food in Nigeria in �11i,ul.1r anti ,\lric.i m 11cncr:il 

ca,!,(l�a ond sorghum lom1 mo1or �tJp c 
• _ h 1• tf ·� of nrc, 1011, ,1udic, �bout the polcnual hcJllh

Dau rn thi, ,tud} is comp:111ble ,, 11h t e in ms , .  
. -de conlllininl! compound, 

h.u..ird� inhere nt ,n ingc,;tion of C)ilrllde o r  C}ani 

d and mcwoliSJ.cd 10 .:1voiJ inhihi1ion of

r . d I be ..cquc,tcrc 
-

or 1k10,1hoo1io11, free C) am c mu, 
. d 

._, ·lc,;lrCIII irnnspo11 .1nJ comcqucnl cnefl!)

•1 . bl k •c c>f n111ochon "'" < 
C)ll>c rrome c oi,.rdo!IC. OC og . •JI Or\l ir;ippcJ b) mcrhemo�lobin in

, . re c) ,1111Jc is rcporl• ) 
1J1lure Fo llo\\ ing 11n acute: c,po�u · 

"d . ,:on,cncJ 10 thit>')analc (\( ' .

. <;chulll IOk�). ()D.OI CI\ 

the fonn or cyunomcthemug lob,n < · 
. . colot1or 11,r 1hc en,� me rh, Jane:-<

._, 0 mie- 1111111111g 

a n:action that requires ,ulphanc ,ulphur
I h , dCf1<:ndcn1 on the a,uil�hilil) of

. r ,ulfone su P ur 1 

II undq11is1. 1992) Ilic conccn tmllOR O 
( lilf cl- �I. 1911SI L,cn in protein

- Jictol") pn"ltdn < 

wlphur nmlno ucids (S \.·\) trom
cJ tor c1aniJc Jclo\lc�11011 (',\\c1111c cl

, rcfcrcnli,tll) u1ilt1 . 
, 

malnu1rilion. il\ililoblc sulphur I f1 b at1>um111 unJ 111C'Ltl>0llicJ 10 •

t,c -.c,1uc,tcrtJ � 

11. 19'16), C)anidc .1lw OlJ) 1 111,15, l'�<J7; I unJ-iu1,1 ct nl. IC)<)SI

. 're, ,uuncr cl ii 

am,no1hi,1101inc• -1· ,urbo') lit •" iJ (, 
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or 10 c>anah: (OQf) ,,hich (S 11 cnnc cl al I 9CJL) . 
• � " mtum. C("1t41mn!! CllZ}me c)anasc ILC 3 S. . • 

ll coo1o:ncJ b) the C)'1c1�-. · ..)J) ammoni3 :ind bi rbo 
1n1c�tiga1ors h,1' c rcponcd that 11 1 

c:i II.lie (Schulv. 197Q) s.:,cral 
ro ongcd Cl anatc •-im . u•• cnl indu ·c -� 

human\ inti rodents, and ,p;1�lic . . . . 
' � f'C111 .. cral ntu� ,path) in

par.ip;11ci1> tn macaquo (Oh - h. 
197�).ll)Jrogcn cyanid� inacti,ah:s h 

nt� J cl al., 198� Sha" ct al_
t t Cnl}me C)lOChromc o\icbsc . th 

ccll1 b) binding lo 1hc Fe3 .. F ,_ . . 
tn c milochondna of 

c_ con1amed m lhc CnL)mc lh' . 
utilizJtion of ox)·gcn in lht li\sUC\ co . . 

· is cause, a dccrt-.1sc in the

. 
using ncurolog1cal cfTc:-.;� \U,h .u Con c,1ion o f  b i 

�lulu-rocnl degcncra1ion and necrmi� or ih 1 . 
s r., n. 

. 
c lier iinh '"" of hepatic conh in 1ht �idnc) o\ 

s..-cn 1n group 2 and 4, 

5.1 UOU\' \\ �:ICIIT 
-\ccording 10 Phi lbrk� et ul. 1979. a reduced 11 c1ght £3in and d«n:a...:d llt)roid 1\Cll\lt) "ere 
ob1er.cd in male rol.S gilcn JO mg C 'I l.i; I bod) 11elgh1 dl)-1 a\ po1J�1ium t)3nidc in the 
dic1 for 1 1  5 month,. Thi\ �tutl) has sho1�n a n:ducti,,n in \\eight g.:iin and inJ«J 1,dgh1 10..,.

in rats gi1en Jmg!kg,' da) as KCN b) giwJgc for 1-1 dl)\ In a ,111J). dirt., \lclici<:n1 in 

methionine .  vitamin 1312 and iodine proJuccJ primill) m)clin dci;cncro1im in the 1p1nnl cord

11hcn ,upplcrncntcd \\ith thiOC)Ollllc JI a k1cl of 67 mg kg I bod) 11cigh1 d�> l(l'SfPA.

1990). Adult rals m group 2 JnJ J aho produced ,light dcgcncmuon ol lhc hcp.ilo,;) 1c, m 1hc

lhcr, losr. or tubulor cpitheliol cclb or the pro,im,1 1 1ubulcs and coogc,tion of the bmm blooJ

IC!i!.cls. The lc1hol do,c of 110. in mgll.V l:>oJ) \,eight ln: gcncroll) reported 10 be: bct,1ccn

0.66mi: (rabbit. i I, L srr.,,. 1990) 10 10-15111& tor variL>U!, 1pcdC\ (ml, 111111. \VIIO. 1965),

ihhough much larger voluci 113\c b,:cn rcpoittd ro, moul<: (oml, S98 ond 1.v. -IM4, \\ 110.

19(15) l.clllill do�\ of I ICN in mr J.g bod>· 11c1yht 1\CO: n:Jl(lrtcd for mou1e, 3.7, Jutt -1.0. c.iL

1 O· ••·' ' II d I , o (Conn 1'179) \\110 reported in l'IQJ that� do\C or 25mt
• , �,u ,t•r cot c an 1 ,ccp, •. , · 
lin3marin (2.SOmg.. kg bod) ,,eight) fed 10 ral!> ( 100-120� bod)' 11c1i:ht) cau,cJ clin1<.tl "ij"'

r , . · ., n,J\'SI\ In the a�ncc or rnclhiomnc
0 tox1c1ty including apnoea, OIJ�ta , ,nu ,-

1 . . d d \\llhlR � hour, \\'ith adequate mclhionmc
,upp cmcntn11on, 50�'o ol 1hc..C ro11 ie 

. d .... 1 .,o• ,ho11cd no ,1gn, ol to,ic1I) (rc�ic11cJ b)
\Upplcmcn1a1mn. 10%, of rot, died an �,",u '' 

0' fcJ llilh Jm& kg C)JniJc h) g;IIDgC \1.111) cau,cd
•c. I '180). TI1i, ,tudy rcpnrts lhal r.11<

clrnical \il!R\ of to,1ci1y bul 1101
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1t1hal lo the animals C'on:horus olitorus and T ii . . . . . 
c 31rt3 o:cidcnl.ll1s lllnclionucJ the etlccts 01

C)llllldt on bod} 11c1gh1 in group 3 196.6.!3-I 9 d 2 g an 15.7±19 2 in group 4

5.2 OCULAR ,\J'iD O I 11£U NEUUOLOGIC t.E.SIO'i�
The hi,1opathologic le5ion� ob�c" cd m Jlt \pcci� ,onsi\l 'd 01. d 1. • tm}c mauon, c�p.:,1311) or 
1hc optic ncrYc Inlets and Ille corpus callosum S11ellinl! of .is•- d II d · • ��>•es an m)c n masc 11cn: 
Jpp.ircnt wi1l11n 2da)S in rats injected wilh �ium cian,·d· 'I do n· 

· 
, 1h • • • !,CS \U ic1cn1 IO �«p C nil\ 

com31o�c for 225 to 260 minuu:., (l.c,\.Cll and 1-;uwati.iru. 1974) A,on.11 JJm3gc, \\ilh

1acuolation and lo.,� of microtubul� nbo occurml lllinJnc1, 11a, c,,mmon in t)anidc 1rca1cd 

ammah and \Ill'> considered to be a rc�ull of pcllillcnl ano,ia in the brain �curolo�ic lesion\ -

a11ribu1cd to \Ub chronic C)Jnidc poisoning in human� are \imilar 10 those Jc-.:nbcd for 

c�pcrimcni.11 animals. In rats. ho"c1cr. the corp� callo\um appear. 10 be more ,cn,i1ilc 1hJn 

the optic nerves. 11 hcrcas in hum3ns. optic ncrvt damage i, fr.:,1ucn1I) 1hc onl) ccn1111I

ncl\ous s)stcm lc'>iOn (\\lay. 1981). Rat'> fcJ 11ilh Jm�i.i;:JJ) KC� lor H J,1), ,ho11c<l

clinical sicns of ocular lesion this dl'ccl ,,.is rcducc,l 11hcn 1hc cy,midc d11-.ii;c 1111.,

combined wilh equal :imount or crude aqueous c.,tracl5 or Trlf,11r1,1 11rr1J.:111a/11 .ind

Corchoru, o lit<1r11.i. Numerous �,udic, haic implicated c)nnitk a, the ctiolos1c ogcnl in

human ncuropnthlcs, including NigcriM nutn1ion3I ncuropath). 1ob3cco smbl)opiJ. anJ

· 1 ·  · 11 I J 978) lltc s\ndron1c of IIOflical al3\ic
I cbcr's optical a1roph) (rc,ic11cJ m 0111 cl.,t • • • 

. • J fi , · ..enso,•, ,Jlinal �,a,1n 11c31Jlc1s of
ncuroplth} include, bi1111crol opuc 01roph) ncric ca m:s� · · 

I 1 19681 1 hh condilion ,, belie, cd 10 be Jue 1,1 c)anid�
cg, anti numhnt:,, or feel (O!>un1o�un. • • . 

• • inol cord and 1, 311nbu1cd pninar1h 10
• induced tlcrn) clinotion m the bmin ,1nd sp • 

. • , hi •h lei els of C) .u1ogcnic sl) c, ,1,Jc, (\\ B} •

consump1ion of the plom co,-..1�0. 11h1ch contmn g 
. . . 

. . tc lcids anJ dtm)chna11on o l  peripheral ncr,C">,
198?). tlcva1cd ph1,ma o.nd unnar) th•OC>0"0 

. ,,. · ·1h iropical 
. ' obstr1td in p,11icnt\ lr,,111 , ,1&cnJ "I 

1111h decreased conduc1i11n vcluc11), ,,ere

0 1o�un ct ul .. 1970)
11.t\lc ncuropnlh) (0,1111101..un. 1968; ,uu 

. l'cJlcd In tht occurrence of 1ol>.icco
. . l..c ha, �l101,ecn imp• 
C.:)llll1dc pohonini: from tob.tcco ,mo 

h .,n,o�c 10i,.1cco. lohJcco !111101-c 11

I • 0010111n 1n people " 0 . 
llllbl)opm. 011 optic Ji<,0rdcr t iat 11 c 

J h n,ol.cr. 113,c clc13tcd lc1cl� ol 

, t96S) rcrortc I JI � 

lno�n 10 contain C) nn1Jt, und \\ 1twn I 
J (ll."C)l>.11�min. 11h1ch nrc <Jr;iblc

o,:oti;ila1mn nu c),111 
. 

rla,ma ond urmar')· 1hioo:>nno1c ll)JrD\ 
t I Ii<: t1k,:111c  in U�J11ng ioh.ltro

fill c t,,:cn \ho11n , 
of complc,ing cyanitlc in the hlood5trc�m. • 

J .,�1n, 1hc
lmbl)opi.1, ,ug11�11ng thJt C) uni e 
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c110logtc agent in this disorder (Chisholm ct 31  1967 
• • 

.. > ) rinJII), :in inborn Cl'l'Of m C)llJliJc
mcubohsm 1s lhought t o  be the cause of Lebel', hcrc.J' 

. . . 
IUI) optic utroph). � cond111on 1n 11h ich 

h1latcr.1I �1s1on fai lure occurs. l,01 1 lc 1cls or nl� h' I'' ,ma t IOC)311JtC 10 'illlO�C� 11ith this 
oondiuon suggest o hcrcdiur1 dclicicnc, in tlic abirt t L.1. • , I) 0 mcuuu IIC C),lllldC to th11x:1.:111.1tc 
(\\'ibon. 1965 ). 

· 

The ncurologic lesions ,ccn 11ith all of thC)C ncurop.11hic, Jrc though1 to II< the ,..-,uh or 
C)Jnid� -induced hhtnto,ic ru10.�ia (!PCS. 2000).Thh ncurolog1, lc,ion1 11cn: prominent m

group CN+- Corchor111 11(/t1Jn11 c, tr.tel (2S.6°,), group C\ onh(67 I%) and !JIOUP lili

lr/fmrt11 occ11ft11rnli1 nnl} (17,l!a) or lhc total lilt populauon. ,\110. the a,urc l)'tcmic

10,icily of h)drogcn C)anldc, -.odium cyanide and polilSslum t)Jnidc b) m,till3tlon into liK'

inferior conJuncti\ul sac and oral routes ha1c been in1C'ttigati:J In the r.1bbi1. the LD"1111lue1

m mmollkg II ere O. 039 for IICI\. 0.103 for o;ocl111m C)anidc. and O 121 for po1as11um cyanide,

For all pr(p,1mtion,. sign, of to,icity uppc:in:J rapidl) and dcJth occurr,'Cl 111thm 1 to 12 111111

or thee}.: bo:in!! con1arnina1cd C).midc coocentr.1tion\ m blood. \Crum, ,111d variou1 ti�ucs

11c1c mc,"urcll ,mil the �ults wen: lounJ to tic compatible 11ith ,1 Jiagn�i\ of death from

acut ··•- · · (IPCS ?000} n,u.,, follo1,ins thdr m,tillation into the conj1mc1i ,.il
C C),IIIIU<: po1,11mng , • · . 

· I· 1 blood 1c.sscls m amounl, 1uffictc:111 10
iac, C)anidcs muy be ab�orbcd o.:ru1\ coniuntl 1� 

. . 
r h I ilh c)anidc could be o h.vanlou\ route

produce �)stcrn1c 10,icit) Con1ammauon o t c c)C 1 

of c,posurc (Dnllonl) nc, I 983). 

S.J � \�.\I 1,E�IOi\ . 1111 and JcnnJI IOIJ1CS of c1Jl(l>UIC I he

C)aniJc, nre n:.idil) nb\orbcd h) thc mbllauon, 0 
J • toll 'Ill �curo10,ic1l\

. a tori;cl organ for cyon1 c c . 

ccntn1l ncr1·ou, ') ,tcm (CNS) is thc prim r) 
. • ,J inhalation of C)nniJc,

I follo11 mg ,n�C\11011 11 
h.u been obo,cr1cd i n  humnn, anJ amma \ 

1 been n:puncJ 'ih0r1-1crm
. b l  . C'IS· rnrJ101cd, ha,c n '° 

tardiac and rcspiro10J') clT�-cb. possi � 
. __ ,. oll.1p..c. n:ipirator) arrt,t nnJ

. rod almo1t 1mmcu1,1tc c 
C\p<xurc\ to high conctntrattoni P ucc 

1 • , rrom o.:cup;11ionJI c,po,urc to

5) s11np1oms r:c1u ung 

Jcath Olanung. 1982; LSl'P \, l'IS · · • arJiol!rnm 1rKG) ahnonnaht1c, (I I

_,. 1 pJ in .llld clcctroc 
. 

lo11cr concen1nnh1n, include prc-co,.,13 
. I been 111,-.cn cJ in hun1�11s nnd

7 l'h>ro1d 1011clt) ,�s 

Gh.i11abi ct ol l97S SantlbcJ'll, 196 ) .  
'J (1'l11lbrk� �• nl. 1Cl71J, l SI I',\,

, ·• . 
, urc 10 t)1111 cs . 

an1mJI• " I I  · or•l md inh31�uon cxfl(" 1 •1 .., 1c,K,1J1', kl�t,l\J.:11) ,,nJ
• ,o 011 In£ � • rod ·cd ncun•PJ •" · 

In nidcS h,1 1C P u, 
·,X.I). In animal ,tutllc� c}il 

lctratogcnic 
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cffccis. including cnccphml), cn,cphalocclc and . nb abnonnalur� ff rikc-, C1 al I '180;
Dohcn) cl. al. 1982: Tc1\c and �lancr 19811 Th. 

, . 
• " ,iuJ) reports 1h;i1 ra1, fed \\ ith

Jm� lg:da} KC1'i sho11cd climcal sign\ of 1US3I le,, •• , 
. 

on"'"' n=I d1sch,11\!e. lhc ,>mrrom,
11tl( rcdu,(d I\ hen the .immals I\Crc lrtJlcd \imuhan 1 .lh 

. . 
· c:ou1 > "' cqu.il amount of I) ophili,cJ

11queous c\lracts ol l orchor,11 olitnr111 and Tr/fiurlu u«1tk1tlalu.

5A LIVFR FUNCTION f.NZY:ilES ASl'ARlATl· TRANll \Ml'i \ t., .\L\i\l\l 

TR,\NSA1111N,\SC \ND ALKALli\l PIIOSl'IIAT \�� 

5A.I ,srARTATF TRANS,\"IINASr 

.\c;r (ghllill11UIC oxuluacclJlc 1111nloolm1rosc) is rinc:01 in high conccnll'ollion, m cell\ of 

cJrdiac Jnd ,kclclOI muscle, liv�r. kidnc) ood Cl)lhrtlC)tCs. l>Jmage to 311) of thcS( tl"ucs 

mi)· intJ'CilSC plasma 1\Sl lc\'cl 10 about 7{);; 2, In comp:irins tht \\l eonccntmllon bcl\1,:cn

the control (group I) and other groups. ii 1\35 o�l'\cJ 1ha1 then: 1\as no \IJ;nificJnl dilkrcncc
1n the conccnlratmn bc111ccn the groups.

5.t2 A (,. \NINE TR,\NSA� IINASI:.
· 

rn ' 1 1  hi"h conccnlnlllOO\ In lhe lhcr and
\L 1 (glutomalc p) ru\·ntc tmnsamino\C G ts prcscn 11 • 

.d . d h hcJn. c�u1c1 of hi�h ,\IT inclu1k,
10 a lesser c�lcnt in skeletal mu\Clc k1 nci an 1 ' 

. 
1 1<.'l:ondJI'\ 10 cong�ti\ c c;inlbc 

"1tul31ory li11lurc \lllh shock. h)po,ia. h1cr c<,ngc:.s ion 

. . ,\1.1) conccnlrotion of �roup I \la,
failure. \\'hen the mean ,\Janine 1 mnsnmtn,Lst (mean

. 
. h 1 ,h�n: '''" a si�niflcant Jlncn:"'c P'· 0.05

comp.ired 11i1h 1ha1 of group 2. 11 \\OS o b-.cl'\cd I a 
. hi 

. brain Iii er and �idne> or lllL\ in t I group.
1nJ1c.iting 1h01 cynnidt c.iuo;cd damage 10 'he • 

. l 1 , nu 6 1,11cn
. \I I of rut� in �roup, , • , 3 

lhcrc \\a� no \t(lnilic.ml d1l1crcncc 111 thc mc,in 
"' . 1 c),,n,J( pot)Onin& ,1J1

I) lnJiCJ1tng 1h.lt lhc c11csl1 o 

compan:d \Hlh the group l (contro 
1., / . and Corc/,onn ,,,11,,1111

. ' h fr/fntrlll "" ur11111 r, 
amehorJlcd in the groups 3 .ind 4 treated 1111 

S.4J \l,K,\LINI, 1•11osrll \ I ,sr
i hosphJIC� GI hi�h pll the) �rc

h Jrolric org .111 c P 
The ,\I r i\ n group of crvymc, dial > 

1111111 ,n ihc '"1coblMl1 of bone
. ntculorl) hlBh conccntrJ 

r�nt in 1110,1 tis,ue\ bu1 ort in  r-1 
1 nal tubule� ,in,1 plJ,cnw

· 1cs11nal l\�I • re 
llld the «:lls o f  the hcp3tobihar)' ,r.ict, in 
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111: w�1c cffc.:ts of C) .-imd,: poison mg arc lhou"ht 10 I · , °"' 1"u I 1¥1llWll> ,rom 111h1bi11on ,.f 11� 
,,1.o.-dulll11e o\lda..sc acthu,. \\llh mulling hi-.1,Mo,lc anD\U. I h • • n group I rct. coo,;t$t,on al
blo,...J lei'!Ch o.nd mild ponJI l)mphoc)lic infi11ra1ion. f0e3I etntnokibubl hcp11ac im:rlllli

a:id lo.al hcp;111c 1ki;cn,-r,11ion \\Cit: ob-;cncd in the li1crof lhc Ihm: nils w:lccud C�NIOO

�I �loocl 1,�ls ufthc kidne) Wld lo\, oftubulJI cp11hclW �II, of the r,t'\lmJI 1ubul� "Cit"

cesmcd m the kidnt:) ,1hilc there ,1a1 no \J,iblc �IOll in Ill.: brain. In i:rour four, 1UUl)\,s

:ndicatcJ thJt then: \\ill congC'lti,m of lhc hr.Im anJ l,.adnc) blood 1�h "uh potUI

�mphOC}IIC inliltr.itioo of the lhcr (hom ;u,d \\'A), 1976) found 111:11 C)Utd: admanl)lrnd

111th thiosulfotc was lethal to mice D.I do;cs 1�1 cal&d no inhitrn1011 of hcp.Uic C)10Chromc

o,ili1e; howc,,cr. br.im t}tOChromc o,1d.l'IC \\:U inh1b,1C\l.. � brain ti the ocpn lh:11 •• mll>I

setu1111c 10 cyomJc to:1.icit). unJ Jctilh 1rom cy:uuJc roi,(1111ng � t-cltc1cd u, ""'ult 1mm

central nervous S)1>tcm Jcprci"on subsequent 1n inh1t,,11on of lflin t)ti...:hnimc 0,1.w.

•- --l' , ,  .. •Ltr rc:;r1nil11'\ AR.I ncuJ\lotkCUIC

.1t11111y. ,\hhough .1cu1c Jose\ of cyaniu,: c:suw: =u101��- • • • 

ft,ra\n 0.:11\1I\ C...:.:U" rri<Jr IO rc-;rlrJI01'
1hm1loni, man)' studies hJ\'C sho\\n th.II cc�-JllOll o • · •

h IQ�� r, nJ O $tmilar J�r« of mhil>iuon
or carJiac anc,1 (\\"a). I 98�). 1'ct1cnco and Co en. · ou 

C I • 3Jm1n111cml 1,1tul <lf nonktlul dos:> of
or brain C)IOOhrotnt' l1:\id.Ut' DCIII II)' IO I). rni,;c 

I :-c1fic dunsc� in 1hr cc:ntrll J.'f\ll111n,:rg..:

C)lllll�c 1 he) oho Jc�ribcJ 1hc rapid oncl IJ,r) 11" 
nnJ ml.:.:- Ju,cJ intr�rcn10R<ill) 1<11h ioJ,um

lrld a;in11noh11l)IIC ucid· cr111.: \),ICIII' Ill r,1u J he
, I :f\llll\ 11<lCffl Jcl'fC�'°" �n 10 1 

C)�niJc, u11d 1hc1oC changes 1119) contrtbUtc 1'1 ,cntn "' 
• , J , ,,uJ,cJ t,u1 then:

� cJ tn 1hc mm anJ •1 ne) 
klh.llit) of t)nnidc, No ,,!,Ihle lesion ".u " 

h 1. 1 11, of the™' 1<lc.:1ed m

. ,r 1hc tut>ular cp11 c ,a cc 
"1' o mild ��cual.ttion ,and 1k11cncr.111on l 

1tuup li1c (lcJ ,-llh I dlo1ri3 llCC1JcnlJII, onl) 1
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Plnlbri.:l. ti al. 1979), cal.5. :ind monkC), (fcrraro 1933, 11 . . ' · UN. 19�01. sclcclt1c J�ru,hi111
ol "hitc maucr m the brain \\a\ :i ,triking and coMist r. • cnt ,caturc or pot'IOlling l rom pnilongtd
t\jX)SUn: 10 C)llOldC. 

litUrOIO\lcil)' (m).:lin degeneration i n  the spinal cord) 1,,h ob\tn(d in rat.s c,� a, JO mg 

C� kg'doy a.s potassium C),m1dc in  food for 11 5 mt1111h, (Phllbricl. ct al 1979J. 111,'Ct\ on 

m.llc n:product1on 11crc sc1·crc in dogs (germ cell ,loughing and dcgcncra11on. mJu.:cJ

1rcrmJtogcncsi\ cycle) (Kamnlu, 199)) nnd ol� obscncd in rut, and mice m ,tuJics 1n \\h1ch 
no other systemic clfccl.5 11crc ob1Cncd. llcJ13tic. n:113I. ond bod) 11cighl c1Tcc1' 11crc 

rtp>ncd In \\i�tar rob that received do5es of J.6 mg C\ l.gld.l) a\ potn\sium t}1111idc in 

Jnnl.ing 11atcr for l S da) s (SouSA cl ol 2002.1). In mo<,1 of th� e,perimcnb, animJI, 11crc 

inJcctcd with incrcasmi: doses of sodium or pota.ssium C).in1dc for up 111 132dJ}'· JnJ the

dcN:, u\Cd 11crc high enough 10 cou\C s1gniliclllll death rates from a,u1c to,i,it} (!.ou1a ct al.

2002) l lo11c1cr, 111 the study b) Philbricl. rt 11/ (197'1), \\C3nling ra� c.,po,cd 10 h>11

· · d · , d h· J 1 :J J:crt3..C m \\t1•ht E3IO a, oti,cncJ
conccntrauons of fl(llJ\\IUfll C)Dnl c m  ,cc a a mai,c ' ., 

,n group 2(188.4115.C)g). group 3( 196.6t34.1lg) anJ group -1(215.7119. 'Ill hul no de1th, "i'.h

. , . . . r d , hitc m3ucr 11J, o common occumn;:c in
cltnicJI 111101 oftO,\ICil)' Enrly necro11, o �Iii) an 1 . _ 

_ _. 10 sele,:tilcl> foiour Jc11ruc1111n ,1f 11h11e
ra� and monkc,•, but repeated c.,po,urc uppc.u,v • • 

, i c,3nidc at conccntratson, of up to 
nuttcr (l'hilbricl. c t  nl 1979). Adminiltratioo orl OI� um • 

!Ii It J in no ,i�11ilic.1nt nJ1cnc c cct, on
JOOmgkg ornlh to mts and mice for 6 ,,eek\ �'11 c 

d (N, l'>9'l) . 
. lo' parameter, (OkoUc 3n git, 

boJ> 11cish1s, l11�1op.,tholog), 01 chmcal P.11ho ID 
. d rJnc,(O�olic .illd OS3gtc,

. . . . �,c Iii er, hn1111 an 1 • 
t11dcncc ol nc11rolog1c damn11c 11as �n '" 

J �ier rtwltcd m d,..:re31eJ
· 1 o r  100 m� ·�l! 311 S 

IIJ<J9. Philbnc� c l  31, l 979). Conccnirouon . 13tJbillt) (lohJ\\.tni ct at.
J ·,c 1ugi;C)llfl£ poor p.i 

1Jlcr and food con,1111tp1ton b)' rot, an mi · 
_ _  , ll(UIO- 10,ic clli:ct, or 

'd ·e 'or thHIIIO\IC a, .... 
200 i I ,·c CII enc II • . .• 

5). Funhcrmorc. the cp1dcm o 01:1 
11310 difference in 1r--cic, ,cn,111111) 10

. . h mttnS \U�£,dlS I • . I, '>illlldc after prolonged C\p<!\Ul'I: Ill u 
J fi r1hcr rt,cJll:h 111 thts .1«3 

J rodent, '"' u 
1uch clTccts ma} c,i\l bcl\1<:cn huniJn\ un 

. · ,u�pcct,-J tu t,c n."Pon,iNc (l'I 

I ,cl!> or ,i ,1nld( ,, 
l).i in 11�tcd Chronic c�po,urc to 10" c 

101u11ok cl 01, 20001 t.1 

· t\ In hum,1n, . • J iaru.111> ncuropa tluc and lh}roto,ic condillOI 
or lcthol ,-00((f1tni1 1on1 of•} .,n, c

I I I term c,po,urt 10 nc • 
. J fXl'urc in hum1n1 'ltniturc Indicate thnt lont JnJ ',or • . J 10 chronic cinnl c '' 

• ') 10 t)(O>C ho�C 
1111> produce le ion, 1n rodent\''"'' nr 

f I h , prtiducflOl1
:irlitr studie, h,iic ol'IO !ho11n h S c 
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ofh)dro�cn ,ulphidc from cy�I (c) inc 1han from iso-S 
. . 

quMtillc.. of methionine or 1nori;;imc

wlph.ltc rcqu,n:J C) .imdc dctoxilication (Bini, 1972),

5.6CYANLD6 l'OISONl'.\G I RE.Al \II !'IT

5,6.I DETOXIFICA'I ION

1)(10,ilication agcnL, cn1ymo1icall> dctoxifr C)anidc b) convcr11·n ·11 1a1· 1 • • g I o ore · I\C) non•tO\I, 

produet which t, n:adily eliminated from the body. l11c n:Jct,on cJn be ca�ly1cd b)·

�usmcnung th.: lcvds of the Clll)mc cndoscnou\l) or b) \upplcmcntmg the c!V)mc

t\ogcnously or, by pro,·iding more \Ub\\rotc 10 the Clll)mt. 1\htch m this ca-c an: ,utrur

dona� (Vanllc1JSI ct. al. 1990). The major mcchJJ1i\m ol removing c).inlJc from the bod> i�

1\S c111ymouc con,ersion by the mitochondrial cllZ)mC Rhodan,..,c (tl110,ulphatc-c)an 1Jc

sulphur transfcmsc, (LC 2.8 I I) to l111oc)MDIC. I ransulfur:tllon of qanidc is also fadlit.11,-J

b) jl.mcrcoptop)ru"nte-c.)anidc \Ulphur uunsferosc (l:C 2.8.l 2l Clbll.mt)nc, JC174) The

clll}motic convc!\10n of cyanide tu thtOC) ana1c �uirc, J �urcc of sulfanc ,ulphur 1Ji1akn1

10niscd sulphur bound to another �ulphur atom) 11hkh i\ usu.'111) offcrcJ b) lhiwllfatc, or

01hcr biologicnl compound, containing �ulfane ,ulphur, Ille pol) thlonatc;.. thiO\ulfOOJIC�

lph b d lil\t lo the scrum al!lumtn 10 > 1clJ

pt�ullide5 etc. I t  is presumed that the ,ulfan<! �u ur an ' 1 . 
. II ,t:1CI. 1,ith c)un1Jc 10 form thiocyanate

,ulfanc sulfur nlbunnn complc, 11h1ch cicntu.i > ' 
. 1� 11 II) on 111( form of SI!> (Sodium

(Wc,1lc). l 9K3 ). 1 ,ogct\OU�I) adn1111i, 1ercd 1h1osu Jtc us 3 

'di . s Is atone 3dm1ms1crtd t,\ 11\.l) bo:

lhlO\ulphatc) "ould ,upplcmcnt thi, rc.1Ct1on rJ pt > 

. . in" 11 hilt \Cl ere CJ"" of (11)150nong ma)

1uffic1cn1 In moderate � of C}•'"'dc poison ° . . v 11 ·" t 

_ . fi r.it,li s� (SoJtum 1111n1c) ( an ctJ c .

nccc,1itntc c0sadmanhtm1ion ol other anuJotC\. pre c • 
. 

m . 
th< thioc)llflJI� 

. . ·cots 11ith rcrul in�u acacnC) ilI

ill. 1987). STS is contm-indlcn1cd in l'-111 •mcnt�tion ol lthod.1nc>e

. . . . , I I 990) l'nJogcnou. ;iu, 

formed ma>· c-0�c to\tttt)' (Vunl lcaJS1 ct. 4 ·• 
1 tati,,n h3, t,c,:n rc1,ortcJ to

. •I . b t c,ogcooui supp cmcn 

h;I.\ nol been 11or�cd oul cstcnsl\c)  u 
I J I inncll 19871 ll01icH:r.

h ·oe>an;itc (II \Jtt Mt . • 

.Ucclcratc 1hc tmnsulfumtion ol C)•1111Jc to 1 1 ' 
., d /df,irr1,, ,Kt1d.:11111t1, ilDJ

10 l',c ndul'l:'»C 

llahiht� and sen,iti�it) of the cnnmc o:niain, 
. J both hJd 4111c1i0011ln; ctTc,;t on

I' rn1no 3c1J, mn 

Cun;hon11 olltt1n11 urc rich ,;0urce� o f  �11 ,ur 0 

,,_ fi d 11ith thCOl
.,11111dc flOi-.Oning in the groups c 
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�-,11,11d 1hc protccthc clftcaC, of Sodium l\i1ntc l'i\-. ·-·' �• ..-- • •, ..,.,. Of , .. rum lhlOSI!� 1, 1 '>J
1V.1� ct. J� 198-1). This protcttnc mcch:lnum IS not )Cl cbr bct:11.is.: mh1b:11011 of

C)IC,.hrDIIIC oxidasc b )  cynn1Jc docs not deplete !he m,aibbiln) l'f O\)gm: on!) ccllubr

r.!il!S3110f1 of O\)gcn is 1mp.1ircd (U.»1..m ct :ii. 1992) ll IS pmumcd tNI i11113Cdlulu C"t)£Cl1

i:n,1on m.\) be hii;h enough to cau� non Cll01!1.l11C o,id.nion of reduced ntod,rom: or• 

Q\\,cn m.i) di)placc c,anidc from C)tochromc 01id.i..c b\ n�� :i.11011 (t,:b.,,cn, 1990)
•• • 

DJrin;! Tnin-.ulfunuion lhcrc i, accumulation of�lph,tc t'iOl 2) "htth mh1b11i 1hc f"Opt'SS

or lhc rc:iction. h i\ propo..cd lh.1t O'.\)gcn Jccclcr.11�") !Ix: o,iJ.iuon of sulphate; lbcn.-b�

cnhm:ing cyanide dcloll.ilicullo n (I ito,iu. 19Sn.Transulphur:uion ilso o.:run -..bm �ulphur

is rel� from cllhcr mc1hioninc or t))tcinc m !he pm.nee of o,) £CO anJ 1h.:rt b)

cnhm:ing C)anide dctoxilication 100. 

5.6J OIOCllt�llC,\I. 
• 1 ,.,- �IC 1,.,.ch unc,plJincJ mcd1.1nii.m of

Th, compound• clM�ilied as b1ochcm1ca an1"""c- -., • 

i.lo1 These c:ompaund!- uc uw.111) not ,er)
aciion and arc al\.O rci;urdcd os non-5l)CC1fk illll °' 

. 1cn11h.: clli� ufcon,cnllonll inudolc ... \
cllctli\C per sc bul 11s odJuncl) s1�n1ticJnll) aug,, 

ft11 chemicals bcloni:1ng 10 1h1s clMs of nntlJotcsA!t

(iJ Chloq1r11111111lnr: tion al ,a\O�<nk Jrugs n\

f . \ r10111rtcd the c\.lffllll.l 
Th poltnl v11"-.dllaml) acuon o nitrite 

h' • 11J, l,llmJ 10 "�n1lkJnll)
ncun>lcplit phenol 1.1110,, 

C}11111dc un1111111nhl lhloll'romJ/lnC O
J lll\i,ill (\\ a) cl al, l'lK�). h, 

1bination in C)JIII c 
po1cn1tJlc 1hc cllicac) of 'i� dlld ', 1" con 

rcrti ti-on� cl nl .. 1'18ll
. . ' u adrc11cisk bll,ckmS r<O • 

!lfOlccll,c dlccl \\,ls a1trihu1cd lo 11 (Jlcd 1,1 it, ah1hl) Ill ,u,t�an

1 n,,n.1/mc 1111, re 
Su�qucntl) the nn11do1nl nc1iv1l) of ch orr 

of mcn1bra11c intcgnl) h) prc,cnuns 

• . nJ maintcn30(C
cellular calcium homco\lCL\IS '1 

8 
I (\tnJuh ol, ct .• t9R ).

f'(ro,id,11l11n of mcmhrunc IIJ!ll' · 

ariPII\ JUIOOPIIIIC 1lrug�.
(ii) Other u�rnh: ,>t,c:111;1111inc and ' 

. • , 1, like p11cno 
. 

. n1J1011nJ, h,l\t Ml''""
Other u -0Jrcncrg1c hlocr..11111 °1.\cn 

d anli·h1•IJ1mnic co 

,3111, ni1r111c, �11 
1 QS6) Cvamdc 1nJuccs

'llOJilators \UCh as par-J\crtnc, or� 
. (I cullS ct. al. • 

·de nnl«-OIR� ., cndoq,hin I hcrclorc,

.,_ n· In C)Dlll r ·  of rck:t\C1> 
-,,c 11n11dotnl c 1c�c) h'biton ncuon

,cc, u�ain,1 
J ihrouch an , • 

. ,1i• founJ to pro 

1�11ir4lOI)' cc\-.ati11n mcdhllC h>J,o,;htondc 
.\1 (·) n31o,onc

r11cul'\lll,1' 
llcrco-�pcdlic op1ulc an1Jyon1 

I IC18bl Role o 

. ce ((.c uni: cl o • 
C)1n1dc induced lcthahl� '" mt 
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eal.:tum in C)llnidc induced ncuro10,itu> 31ld be fi • 1 . . nc 1' ta cffccL, of chlorpromvi nc and .:1k1um channel blocker (d1h1a1em) arc also iicll Joc -·' umcni.-u (Johnson ct. al. !986) Th(recent thru,t to dc1c:lop m�-chani,uc b.ucd antad01c� again I d · . \ C).lna � flOI\Ontng h.11 11kn11ficd 
\OOlC nc11 clll\'\CS of lead compounds like c.ilcium antJgon·,... noo h . · L. b '  "'· · ) pnouc ... r uuratc-.. 
anikonvulsant.s, odrcncrgic blockc� antip1)cho11c1, nitric o,idc gcncmto� other
l',(Uropro1cc11,·c dru�. ontioxtdant.s. p1Mm3 c,pandc� �l)tOl)lic substraics. carbon}I 
cumpound, etc. 
\fan) of lhc,c drugs h111 e not been l&d clinicJII� in human, but their rt\Ull1 in c,pcrirncntJI 
,1111mals or in ,. itro urc qu ilc encouraging. Other common!} rccomrncnJ,,J an1idotc, aK 
·10lution \ und n· (11 1olutio11 of rcrrous \Ulfatc in aquc:ou, citnc acid and oqu cou, 'IOClium
u1bona1c) and amyl nilrllc Oriwin\ I lcallh and Safct>· L\l'Culilc\ (115L) ha, rteommcndcJ
against the 111c or ,;olution, A and D bccau.sc or !heir limited shell hfc, po1cn1ial 10 ,�u..: il'llll
ro11011ing and limilcd .ippliCJbilil) (c1Tix:1i1c onl) in Case\ of cyanide in�c-1i1,n. ,,hcn:3S. the
1111in modes of poiwnmg 3n: inhal3lion and skm con!Jct) (1\ T'iDR. 2006).

5.7GLOBAI.ATT1TUDI ANOTIILl'OPUL.\RTIU.,\l�ll "\I
. ' d  'd lCS rtlC3111h31 ,hen: II no Ull,Ullmil) 11rA rctw..pccli\'c cxan11na1ion of ,anous t)ant c anu O 

Or a nJr1teular 1rc.11mcnt rtgimcn I ht\ n ma,nl)· due to opinion rcgarJini; the cn,cac) , , 
1 and ,pc:cic� or animal, cmplo)td in 

different c,pcnmc111al condition,. 1c,1 rroioco s . d d b • 1 1 trt3UTICnl In ,1 coonll} 1 s  1t1a1e > 
e1iluou ng vnriou\ on11dol�. 1\dop1ion or O p.1r1icu J 

. ,1 I\JI t,odl ' Jnd 1hc lcgi1la1lo111 I hcrt ,, no � ll 
1.uaous foctol'!I mdudin� the �gulntol) 

t . . .1., mbin;uion 1) the Jrus
i • and Sodium 1h10,ul,,�1c co 

uron,mil) on tlus issue, like Sodium� tnlc r�,cc ond l K h.1,c. d mon) 111hcr coun1r1� 
or choice for t)·nnide poi,1lnini th L.S ·\. 011 h 1 �ouno J,phcn<ll (O\l,\rJ 

· ·11 co111in11ing 1' 1th ·1 • rnd > 
ldop1cd kclocynnor ,�hllc CicnnOf\) I) '11 . , 1 of' 3,� wlution) unJ SI!. (SO ml 

lio,,c,cr, �� (10 m wid Sodium 1h10,ulph,11c combinJ!ion imcnl In c)ani,k 11'1'"''"'"�

• mo)l prc,·aknl uca . 25,� .,.,,l111ion) combinauon 11 ,till ihc gen itJ ,\mhu hag ,0111aimns 
. · 1  tion ,,ith 100" o,> . (Von111ltij ct ol 1987). -\r11rtclill 'cnll 3 

• 11, prn,11cc:-J as 1hc hr..l alJ . . . (0 6 mil t\ u,\JJ . 
the con1cnL� of two ompoulc, of JRI) I m1r11c . ,n deep com� l'i1h rc,plr�IOI)

. lc,110 p.1IICIIIS 

ll!crap)', lhc use of an11Jo1c ,hould I)( rc�nc. '' ID mpl nnd � 2�• ""llum b ica11>!•11'1"
• f J'GJCJl301 t.\.(. 

. l1t1 h,-..-n 11,cd In 
1n1ufficicnc) ',uppor1lvc thcr.ip) 0 1 . .d0,1, rc,p,:c111cl} ha)C 0 

• d mc1.i!KJhc nc• . 
10lu1111n lo corrccl the c1111\uls1on< un 
hun,Jn poi\Oning. 

1)) 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



To n:1crt c,cc\�i,c mcthacmoglobinacmia i I ad 
. 

m1m11rat10n or 30 ml of 1 • • mcth) lrnc blue
ich,UOR IS al\O n.-commcndcd (V ilnl lcij,t CL al , 1987) 

S.S ROLL 011 SULl'IIUR· CO\T \l�INC A\11\0 \Cln I\ C'YANmr

OETOXJI !CATION

OiclJI} t)amdc c,posurc rrom cyanogenic gl)cosidt" in insufficient!) pnxc� t.i\"1\D h.u 

l«n implicated a\ a contributing foctor in gro11th n:lllrdauon (PadmaJa. 1996), The m�jor

dcrcncc of the human body to counter the toxic effect\ or cyanide ii its c;on1ersion 10

thio.sulfote mediated by  the crv}mc rhodane5e (disco1cn:d b) Lang. 1933). lhc cn,>mc

contains an acti1e tli�ulphide group. 11h1ch reacts 11ith the th1osulph.11c and C)anidc. 1l1C

CIU)mt rs localiLed in the mitochondria in ditfcn:nt rissucs and 1> rclati1cl) abijndanr. but in

sites. 11hich arc no t  readll) a!i-.C�'Hlbk to th1�ulpha1c the limiting factor for the con1crsion ol

C)anidc i s  thiosulphate. TI1ls dcto�ilieation n:quires sulphur don<>"- 11hkh an: rro1•1Jcd from

sulphur�ontnlnrng dietary amino acids. t)stcinc and methionine (llrndbul) �nJ I lol1011a�

1998; Rosling. 1994). In ,uhje<:t\ \\ho ha1e an �dcquntc prorcin compoocnt of their diet.

· · · d ' rot·1·n •)nthc,i, .md an: dc�rnJcd to 

C\ccu C)Stcme and me1h1oninc an: not require ,or P • • · • 

rnor�lnic �ulphate nnd excreted. \Vhcn: dicta() in1al.c of protein i, madcqu3tc, ihc prcftrcntinl

• . -00 acid, for t)anidc tkto,i!icJuon 1s

Ult or mctabollc:ill) available ,ulphur-cont.11n1ng :11111 

. tribute t<> gro1, 1h rctnrdanon in

3lso believed 10 hamper protein s)ntht�i\ and hence con 

. . . d licit in height-for-age rndc,. othco\l�

children c,po\<!d to dict:in cyanide lrolll ca,�\J \ c 
• 

. 
. ·111 n \,ho con,umcJ u1.iJcquJtcl) pnx�...:J

rcfcmd to a, '\tunting' wos nswcr?ltd "1th clu n: 
. Iii I 

. h t for.age ind1cc, \1crc not sign ,c,1nt)

CJ.I\J�a. hO\\CVCr, weight-for-height 0nd \\CIS • ,..al (0Jnc3· 
cas-..,10 \\hid1 '''" adcquard) procc 

d11Tcrc111 from cluldrcn \1ho con�umcd · 
, t"al u..c of sulphur amin<l

. . • h bccJU\C ul ihc prc,crcn i 

M�)umbu ct nl . :?000). 1111, 1nd1ca1c, t 31 
. 1 C'"'"urc mJ) he a 1"a(1or

_ . 
t,od • dlCIOI) C)JOII C , .. 

acids for cyanide dctoxificotrnn 111 the human ) 

aggr.i,aung gro\1 th rctanl,1tion. 

I main �roups of ro.iJ 11cm1

. tllal conta ins I il't 

!>ornc c.1un1a produc� ore eaten ,11th soup
id u and used to rhl\�tn the  "'up.

u1ulll} i:rou1 r 

f ll)l the rt an: '·1rlous ,ccd� onJ nuts thnl ore 
r t1iro I hc-.c arc hil!h io rrotcin.

. �wch) i111rlcs o 

trlhcr b) thcm-.clvc� or in a ml\turc orw111c
rruil ,cscuble\ ,uch t.\ ,\fncan ,pin.i£h,

f; h nit leafy nnJ . 19'111) lhc i111J �,I
�u. and other nutncnll, second, 1 ere 

. inti fil,cr (0�16b<l,

. • crJI"- v11n1111n-,, • 

upu nnd okra that arc '°urcc' 01 nun · 
nJ 11n �,cial ,1.1111'

, 1 u�113ll1 Jcpc: ' 

1111"111 product u!.Cd in the wup n !,I) 
• 

I )-1 
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Cf 11,comi:. and 1hc occ�ion for "hich 1hc mc:il h ""' .. , ,. . . , ... pan.'u . .  ,in�� the soup 1� nch m sulfur
JlllinO acids. 1hc 10,icit) of an) c)anide in the ca-.,,;i,a prod t uc C3tcn ma) be min1m1zcd b) the
dth>"f,,ng ellccts of 1hc �ulfur amino ucid� 1n the anim;il produ , L J • c,s � rec -� an, c mu�t 1-..: 
�uc<.lcml w,d n,ctabolitcd 10 a,oid inhibition of c:)IOChrome c o\lJ.i.c, bl«\:.ii;c of
mitochondrial electron transport nnd consequent enel'g} failure. l·ollo,, ing an acute c,po,ure.

qJJ1ide 1s rcportedl> lir.l 1roppcd b) mc1hcmoglobm In 1hc fonn of C)llno- mclhcmoglobin 

1-;..hullZ. 1984). C) anidc i� converted to thioc}.:inatc (SC�-). o �ction that n:qu1n:., �ulfanc 

,ulphur a� a role· li1n111ng cofoc1or for the en1)mc rh(ld,1nc-.: (l.undqu,�t. IQ9:!). lhc 

conccntn1tion of sulfa no: sulphur b dependent on I.he :i,;iil3bilh> of >ulphur amino acids t I\\)

from dictnr) pro1ein (Cliff ,:t .ii .. 1985). E,cn in protein malnutrition. o,:iit.iblt sulphur i>

rrcfcntiall) u111i1c:d for c)anith: dc10,ico1ton (S\\cnm: ct al. 1«196}C)anu.lc mJ> nho be

�quc�tcn:d by albumin and 1nc1nbohzcd to '.?- .immothi(llohnc··1..:Jrht"� Ile ncid I \ 1 C) I

I undquisl ct. ol.. 1995) or t o  cyi1113tc: (OCN·) "hich (S"cnnl! ct al. 1')'>6>· in tum. "

. . . , .in.ise (f c J.5.5.3) Jmrnon1a '1!ld
con,cncd b) the C)Stc.:1ne- conta1n1ng cnt}mc C) · 

bicJrron,11c (Schul17� I 979) 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



CONCLUSlO'\ ,\.'\D RF.co,1�1r,'nATIOl\

lberc arc di,·crsc approachc,; to ant.agontS<! C}311lde 10,icit). Ho\\c,cr. fu11 c,prcs.s1on ,1f

.u11iJouil po1cnc) of a rcii1ncn princ1p.ill) lie:. on clinic.ii prc�nliltion\ :ind the immcJ1.11c 

·udgemcnt 

lhl\ s1ud) ha, sho,.,.n lhc: potc:nti:il of CorchoNs olitorus and Tdfairia occ1dcn1.1lb as -..sfc

onudotc� for c)nnidc po1son1ng \\hen 11dm101�1crcd o.,- 1re111mcnl regimen particuh1rl) \\hen

w.cn concomi1llntl) \\'llh c)·an1dc ,:onu11ning tood item(') hi-c c��,11 10 communitlc, "here 

this I) pe of food 1s their staple ll1c a, ililabilit} ol potcnuall) s.:ifcr nntid111� l11..c Corclron11

ol11onu and Telft11rie1 "cc1dcnu1//J un,cib tl1c possibilil) ot tl1c ir ,aluc a.) lir..t•linc 1rca1mcn1.

C\Cn in n con1ph::-. clintcol silua11on. "here d1al,!llO,i� i� r.ipid anJ prc,umptt,c 
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