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ABSTRACT

Therc is a risk of cyanide poisoning in Nigeria through environmental exposure and
consumption of improperly processed cyanide containing foods. Sulphur containing
amino acids in vcgetables like Vermonia amygdalina (bitier leat) and Tolimun
triangulare (water leaf) have potential detoxifying effects on cyanide poisoning.
However, therc is dcarth of information about the ameliorating effects of these
vegetables on cyanide poisoning when used os dictary supplements in animal models.
The study was thercfore designed to asscss the cffcct of these Iwo vegelables on

induced cyanide poisoning in Wistar rats.

Thirty 7 weeks old Wistar rats with mean body weight of (123.97x 17.7) gm. (124.92
16.7) gm. (141.4+ 21.0) gm, (128.4% 23.6) gm, (145.0=11.1) gm, (118.5%13.1) gm and
(129.1z 18.5) gm were fed on eommercial rat pellets and water ad-libitum for (wo
weeks and were randomly allocated to onc control group and five treaunent groups of
five rats cach. Lyophilized waler cxtracts of Vemonia anygdalina and Talinum
tiriangulare were reconstituted in water to give a concenteation of 3mg/kg/day. The
groups were ireated with KCN and aqucous vegetable extracts both ot dose of
3mg/kg/day by oral gavage as [ollows: Aqueous KCN (group 1); KCN and Vemornia
amygdalina cxiracts (group 2); KCN and Talinum triangulare extracts (group 3);
Vemonia anygdalina cxtacts only (group 4): Talinum tnangulare extracts only (group
5). The control group was trcated with distilled water only (group 6. Body weight,
presence of ocular lesion. and nasal discharge were documented daily. Elevated blood
level of Aspanote Amino Transminase (AST) and Alanine Amino-Transminase (ALT)
were used as indicators for liver damage. Histopathological chasges in the brain. liver,

kidney and splecn were documented. Data were analyzed using descniptive statistics,

Siudent's t-test and ANOVA.

Slimy nosal discharge was found in 20,0% of rats in group | and 9.8% in group 5 oaly.
There were no visihle signs of ocular tesions in all mts. Mcau values for AST were:
29.02£8.8 U/L., 33.0£5.2 U/L, 18.727.6 U/L.. 24,7213.3 U/L. 16.0£7.2 U/lL. and 20.726 )

v
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U/L (p>0.05) for groups 1 1o 6 respectively. Mean values for ALT were; 17.723.5 U/,
18.027.0 U/L. 22.328.6 U/L, 22.3+5.1 U/, 17.324.7 U/L and 21.327.1 UL (p>0.05)
for groups 1 o 6 respectively. Packed cell volume significantly increased in group 4
(45.223.3) as compared with control (37.0£4.4)(p<0.05). Haemoglobin significantly
increased in group 4 (14.0+2.3)when compared with control (12.430.5) (p<0.0S).
Histopathological changes observed with cyanide in group 1 was: multifocal fatty and
portal lymphocytic degeneration of the liver; congestion. necrosis and glomerular cast

o the kidney and splenic lymphoid depletion.

Vernonia omygdalina and Talinum triangulare reduced cyanide loxicily m rats
tmplying that they have some detoxification propenties. Bioassay fractionating of the

vegetables is 1ecomniended (o isolate and identify the molecules responsible for the

actlivities.
Reywords: Cyanide poisoning, Wislar rats, Vernonia amygdalina, Talinum triangulare.

Detoxilication.
Word count: 448

vl
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CHAPTER ONE

INTRODUCTION

1.1 Background of study

Cyanides arc produced by certain bacteria, fungi, and algae and are found in a number
of foods, plants and their products. In plants. cyanides are usually bound to sugar
molccules in the form of cyanogenic glycosides and defend the plant against herbivores
(ATSDR, 2006). Cassava roots (\Munthot escuilenta), an imporiant food grown in
tropical countries, conlain cyanogenic glycosides which are produced by over 1,000
plant species including commonly consumed vegetables (c.g. sorghum, almonds.
cabbage and tumips) (Osuntokun, 1980). Cyanide is present in trace amount in tobacco
as hydrogen cyanide (HCN), also in metal polishes (especially silver polish),
clectroplating  solutions, pyrolysis of wool, metallurgical processes, indusinal

intcrincdiates and the antihypertensive drug. sodium nitcoprussidc (Anon, 2004)

Many cyanide-containing compounds are highly toxic, bui some nre not. Nitriles (which
do no! relcasc cyanide ions) and hexncyanofesrites (fcrrocyanide and feiricyanide,
whese the cyanide is alrendy tightly bound 10 an iron ion) hase low [oxicities, while
mos! other cyanides are deadly poisonous (USEPA, 1984), Prussian blue, with nn
apptoximate foimtula Fey(CN)ys is the biue of blue prints and is administeted orally as
an antidoe 1o poisoning by thallium and 1adioactive caesium-137; the large
fairocyanidc anion is an cffective getter for hcavy monovalent cations. The most
dongerous cyanides are hydrogen cyanide (HCN) nnd salts denved from it, such as
pouassium cyanide (KCN) and sodium cyanide (NaCN), among others. Also some
compounds readily release HCN or the cyanide ion, such as tnmethyilsilyl cyanide

(CH;):SiCN upon contact with water and ¢ yanoaciylales upon pyrolysis (Sharpe, 1976).

Many of the cyenides in soil and water come from industrial processes. The major
sources of cyanides in water are discharges fiom some metsl mintng processes. organic
chemical industries, iron and sicel plnnls or manufacturers, and publicly owned

wastewater tteatment facilities (USEPA, 1985). Other cyanide sources include vehicle
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CHAPTER ONE

INTRODUCTION

1.1 Background of study

Cyanidcs are produced by ccitaio bactcsia. fungi, and nlgac and are found in o number
of [oods, plonts and their products. In plants. cyanides are usually bound to sugar
molecules in the form of cyanogenic glycosides and defend the plant against herbivores
(ATSDR., 2006). Cassava roots (Manihot esculenta), an important food grown in
tropical countries, contain cyanogcnic glycosides which arc produced by over 1,000
plont species including commonly consumed vegetables (c.g. sorghum, almonds.
cabbage and tumips) (Osuntokun, 1980). Cyanide is present in trace amount in tobacco
as hydrogen cyanide (HCN), olso in metal polishes (especially silver polish),
clectroplating solutions, pyrolysis of wool. melallurgicol processes, industiial

tntermediates and the antihypertensive drug. sodium nitroprusside (Anon. 2004)

Many cyanide-containing compounds ae highly toxic, but some are not. Nitriles (which
do not rclease cyanide ions) and hexacyanoleerates (fecrocyanide and femicyanide,
where the cyanide is already tightly bound 1o an iron ion) have low toxicities, while
most other cyanides arc decadly poisonous (USEPA, 1984). Prussian blue, with on
approximate formula Fey(CN)y; is the biue of blue prints and is administered orally as
on antidotc 1o poisoning by thallium ond radioactive caesium-137; the large
ferrocyanidc anion is an effective getter for heavy monovalent cations. The most
doogerous cyanides ate hydrogen cyanide (HCN) and salts derived from it, such as
polassium cyanide (KCN) ond sodium cyanide (NaCN), among others. Also some
compounds readily releasc HCN or the cyanide ion, such as trimethylsilyl cyanide

(Cl1,);SiCN upon contact with water and cyanoaciylates upon pyrolysis (Sharpe, 1976).

Many of the cyanides in soil and wotcr come fiom industiial processes. The major
sources of cynnides in waler are discharges fiom some metal mining proc€sses, organic
chcmical indusiries, iron and stcel plants or tnanufacturers, and publicly owned

wastewater treatment facilities (USEPA, 1985). Other cyanide sources include vebicle
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exhaust, releases from certain chemical industries, buming of mwunicipal wastc, and use
of cyanide-containing pesticides. Much smaller amounis of cyanide may enter water
through storm water runoft whcrc road salts are used 1hat contains cyanide. Cyanide in
tandbills can contaminatc underground water. tlydrogen cyanide, sodium cyanide, and
potassium cyanide are the forms of cyanide most likely to be in the environment as a
result of industrial activities(USEPA, 1985). Hydrogen cyanide is a colorless gas with a
fainy, bitter, almond.like odor. Sodium cyanide and potassium cyanide are both white
solids with a slight. bitter, almond-like odor in damp air (USEPA, 1985). Cyanide salts
and hydrogen cyanide arc used in clectroplating. mctallurgy., organic chcmicals
production, photographic developing, manufacture of plastics, fumigation of ships, and
some mining processes (USEPA. 1985). I1ydrogen cyonide has also beecn used in gas-
chamber exccutions and as a war gas. Chlorination of water conteminsied with cyanide
produces the compound cyanogen chloride. Four incidents of cyanide in soil resulted
from disposal of cyanidc-containing wastes in londlilts and use of cyanide-containing
road salts (USEPA, 1985). Thiocyanatcs are a group of compounds formed from a
combination of sulfur, carbon, and nitrogen. Thiocyanates are found in varous foods
and plants: they arc produced primarily from the reaction of free cyanide with sulfur,
This rcaction occuss in the environment (for example, in industrial waste).The toxicity
of hydrogen cyanide to humans is dependent on the nature of the exposure (ATSDR,
2000).

Thiocyanate is o detoxilicstion product of cyanide, Various synthetic thiocyanates have
been widely used as contact insecticides since the 1930s (USEPA. 1985). Low
molecular wcight homologues, such as methyl, ethyl and isopropyl thiocyanates arc
volatile liquids somctimes ¢mployed as insecticidal fumigants. Long chain derivatives
and ccriain esters and cthers are oily liquids maiketed as dusting powdcrs and keroscne
based sprays (Barr, 1966).

Mcthyl isocyanate is an intermediate in the synthesis of carbamatc pesticides, such as
carbaryl, methomyl and temik. There is o growing market for HCN in the synthesis of
methionine used in animal feed. Ammonium thiocyanate is used as 8 cotion defoliant

and sodium thiocyanatc has been applied as a weed killer {Farmer, 1977).
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Determination of cyanide in the body fluids. such as saliva, urine and blood serum is
insignificant duc 1o instability of cyanide in-vitro (Barr, 1966). and vety low
concentrations cncountered in biological materials. In this casc, dctcrminations of
thiocyanate in serum and urine have been irnplicated. And since the concentration of
thiocyanate in serum is appreciably high when compated to that of cyanide, estimation
of thiocyanate in biological fluids may serve as index of toxicity (Barr, 1960).

The main route of cyanide detoxificatioo is a pathway that utilizes thiosulphatc as a
substrate for the enzyme thiosulphalc: cyanide sulphur tiansferase, beiter known as
rhodancse (Lang, 1933). It is cvident that when relatively large but not acutely toxic
amounts of cyanide are administcred to experimental animals. there is a coresponding

increase in thc conccnlration of thiocyanatc in the tissuc fluids. and in the amount

excreted io the urine (Stoa, 1957). But a high instantancous dose will rapidly lead to

increasc lissuc levels and symptoms of intoxication. whcreas, about 10mg (0.4nmol)

cyanide can tcmporally be ncutralized by a reversibfe reaction with the incthacmoglobin

fruction in the red blood cells (Lundquist es «/.. 1985). It is also reported that by a

reaction with sulfan-suifur originating from dietary sulfur amino acids, the etzyme

converis the majority of a cyanide dose to the less toxic thiocyanate (SCN), which is

excrelcd slowly in the urine (Rosling, 1988). Moreover, the conversion rate of cyanide

to SCN in well nourished adults is about $0-100mg (2 —4nmol) cyanide/24h (Schultz,

1984). and the rate-limiting step s sulfur availability and the safe dose rate of cyanide

intake from dictary sources. It is probable that reduced protein intake and resulting low

sulfur availability may reduce the detoxification rate. Howcver, subjects with very fow

intake of protcin, and hence sullur, are able 1o form at least 0.5 nmol of SCN/24h

(Tylleskar ef ol., 1992).

Since the major pathway for detoxification of cyanide is by its enzymic tnnsulphuratioo

to thiocyanate, which is excreted by the kidncy. And it was reported that climinatidn of

thiocyanate was pmctically wholly renal, and the climination constants were inversely

propottional to the creatinine cleasanccs (Schultz er al., 1979). There ate twe cnzyme

systems responsible for the transulphuration process; thiosulphatc - cymnidc

sulphurtransfecrase (rhodancse) and 13 — mcrcaptopyruvalc cyanide sulphurtronsferase

(Sorbo, 1975). Rhodancse, found in mitochondria, and catalyses the wansfer of a
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sulphane sulphur atorn fiom sulphur donors to sulphur acceptors has becn implicated in
the basic reaction involving detoxification of cyanide by conversion (o thiocyanale
{Lang. 1933). Thc sulphur uansfcrascs cawalyzc the formation; inter conversions and
rcactions of cornpounds containing sulphanc sulphur atoms (Way, 1982). Overall,
sulphanc sulphur is derived from mercaptopyruvate sulphur transferasc, and the vartous
formi of sulphanc sulphur is interconveited by rhodanese. The sulphanc carrier tha
transports (he sufphur formed is plosma albumin; the sulphanc sulphur — albumin
complex then reacts with cyanide. Binding is sufliciently finm and phammacoXinclic
sludies indicatc that the conversion of cyanide lo thiocyanale is predominantly in the
central compartmenl, with a volumc of distribution approximating to that of blood
volume {\Way, 1982). Thus. il is possible thal the plasma albumin sulphane complex is a
primoty cyanide detoxilication bufler in normal metabolism (Way, 1982). Other minor
detoxiftcation pathways for cyanide include: exhalation in breath as HCN and carbon
dioxide from oxidativc inctabolism and eiythrocytes have becn reporied to have high
affinity for cyanide. and there is & rupid uptakc of plasma cyanide by crythrocyies
(Schubiz, 1984). Thesc cfficient detoxification processes prevents  long-tomt
bioaccumulation of cyunidc, Thwus. if aculc exposure is (o a sub tethal dose of cyanide,
this tnoy lead to the developrnent of signs of 1oxicily, but as detoxification procceds,
these signs will amclioralc and disappear, ond cyanide will be cxcreted as thiocyanate

withoul bioaccumulation.

The LCS50 or LDSO (the conceniration or dose that is lcthal 1o 50% of the exposed
population) for gascous hydrogen cyanide is [00-300 pwts per mitlion. Inhalation of
cyanide in this range results in death within 10-60 rainutes, with death coming more
quickly as the concentiation increases. [nhalation of 2,000 parts per million hydiogen
cyanide causes death within one minute (ICMl, 2006). The LDSO for ingestion is S0-
200 nilligrams. or 1-3 milligrams per kilogram of body weight, calculated as hydiogen
cyanide. For contact with unbidided skin, the LDS0 is 100 milligiams (as hydrogen
cyanide) per kilogram of body weight (ICMI, 2006).
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1.2 Ratonalc for the study

Plants containing cyanoglycosidcs arc the main sourcc of cyanide cxposurce for
individuals who arc not occupotionally exposcd to the chemical. Foods containing
cyanogenic glycosides form the staple food in several communitics in Nigeria, thcreby’;
generol population is exposed lo cyanides primarily by ingestion of the staple food
(Osuntokun, 1981). Also o a lesser degree, by inhalation from combustion or pyrolysis
of certain matcrials under oxygen-deficient conditions such plastics, exhaust of intemnal
combustion engines and tobacco smoke (Anon, 2004). Cyanidc is cxtremely toxic and
fast acting poison; howecvcr, it can be dctoxificd 10 a certain extent in human body
(Clack et af.. 1991). Since cassava cun withstand drought, it is sonictimes a nutritionally
strategic famine rescrve crop in oreas of unrcliable rainfall, therefore the need to
identily the nutritional problems associated with cassava dependency and the use of
home grown vegetables in abating this toxicity especially in improperly processed
cassava based foods is important. Vegetable specics sicms are noted for their sich
contents of esscntial iunino acids, vitamins and minetals. Further to their rich content of
the mentioned nutrients, it is establishcd that green vegetable leaves are the cheapest
and most abundant source of protcins because of their ability to synthesize amino ocids
from a wide range of virtually available primary materiols such as walcr, carboo

dioxide, ond atmospheric nitrogen (as in [egumes) (Fasuyi, 2006).

1.3 Objective of the study
‘The objective of this study is o determeine the cflectiveness of Fernonia amygdalina
(Bitter Icaf) and 7alinum triangilare (\Vater teaf) in the deroxification of cyanide using

tats as a model.

1.4 Specific objectives

The specific objectives were to;

i. Reproducc the toxic efleci(s) of cyanide in rats

i, Investigate the cfTicacy of Vernonia amygpdalina (Ewuro) and Talinum triangulure

(Gbure) i n countcracting the toxic effect of cyanide intoxication in the animal modcls.
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1.S Limitation of the study
i. The inability of obtaining the sulphur containing amino acids (methionine ond
cysicin) as standurd references.

1i. The inabilily 10 monitor plasma levels of cyanide in experimental animals.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Description of cyanide

Cyanide is any chemical compound that contains the cyano group (C=N), which
consists of a carbon alom triple-bonded to a aitrogen atom. [norganic cyanides are
generafly salts of the anion CN. Of the many kinds of cyanide compounds, some gre
gascs: others arc solids or liquids. Those 1hat can relcase the cyanide ion CN ™ are highly
toxic. Cyanides comprisc a widc range of compounds of varying degrees of chemical
complexity, all of which contain a CN moicty. to which hunans arc exposed in gas,
liquid, and solid form from a broad range of natural and anthropogenic sources. While
many chemical forms of cyanide are used in industrial application or are present in the
cnvironmenl, the cyanide anion CN is the primary toxic agent, regardless of origin
(WI1O, 2004).

llydrogen cyanide is produced by the coinbustion or pyrolysis of certain materials under i -

oxygen-delicicnl conditions. For ¢xample it can be detected in the exhaust of intermai . gr
combustion cngines and tobacco smoke (Baud ¢t af. 1991), Ceitain plastics, especially E

those derived from acrylonitie, release hydrogen cyanide when heated or bumt (Baud et g
al. 1991). Hydrogen cyanide is a colourless or palc blue liquid or gas with a faint bitter . :
almond-like odour. It is used primarily in the production of subsianccs such as E:
adiponitnile, incthyl methaciylate, chelating agents. cyanuric chloride, methionine and E 1
its hydroxylated analogues, and sodium and potassium cyanide. Hydrogen cyaaide s l-i ‘:

also used as a fumigant in ships, railroad cais, large buildings, grain silos, and flour
mills, as well as in the fumigation of peas and secds in vacuum chambers. Other
cyanides. such as sodium and potassium cyanide, are solid or ctystalline hygroscopic
salts widely used in orc extracting processes for the recovery of gold and silver,
clectroplating, case-hardening of stcel. basc metal flotation, metal degreasing, dyciag,
prining, ond photography (WHQO, 2004). They are also widely used in the synthesis of
organic and inorganic chemicals (c.g., nitriles, carboxylic acids, amides, esters, and

aminces, heavy metal cyanides) and in the production of chclating agents, Fydrogen
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cyanide is formed during the incomplete combustion of nitrogen-containing polymers.

such as cettain plastics, polyutethanes. and wool.

2.2 Sources and uscs of cyanide
2.2.1 Sources and potential exposure
Cyanide enters air, water, and soil from both natural processes and industrial activitics.

Aitbomne cyaaide is generally far below levels thot would cause concem.

Cyanide in air

In air. cyanide is present mainly as gascous hydrogen cyanide. A sinall amount of
cyanide in air is present as fine dust particles (Dinca er al., 1972). This dust eventually
sctiles over land and water.Cyanide is used in a number of industties and is found at
low levels in air ltom car exhaust (Dinca ef ol., 1972).

Rain and snow help remove cyanide particles from air. The half-life (the timec needed
for half of the malcriol to be removed) of hydrogen cyanide in the atmosphere is about
1-3 ycars (Dinca ¢ af., 1972). Most cyanide in surface waler will fonn hydrogen
cyanidc and evaporate. However, the amount of hydrogen cyanide foimed is gencrally
not cnough to be harmiful 10 humans. The cyanide content in unpolluted air avernges
0.160-0.166 ppm (0.180- 0.187 wng/m’). Cyanide levels in smoke fiom U.S.
commercial cigarettes range from 10 to J0O0 p gcigarctte for mainstrcam (inhaled)
smoke, and from 0.006 1o 0.27 pu p/cigaretie for side sircam smoke. Anthropogenic
sources of cyanide released into the environment are diverse. |lumans arc exposed (o
gos, liquid and salid forms of cyanide from a broad range of natural, industial and
anthropogenic sources. Many chemical forms of cyanide are olso used in industrial
opplications or are present in the environment. The cyanide anion CN” is the primarty
toxic repardiess of origin {(WHO, 2004). Sources of cyanide relcases Mrom industnes
include chemical manufocturing and processing plants such as mctallurgical and metal
plating industrics and extraction of gold and silver from low-grade orcs. Other sources
include volatili2ation ftom cyanidc wasics disposed off in landfills and wasic ponds,

emissions from municipal solid waste incincrators. biomass buming and fossil fucls
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cyanide is formed during the incomplete combustion of nitrogen-containing polymers,

such as certain plastics, polyurcthancs. and wool.

2.2 Sources and uses of cyanide
2.2.1 Sources and potential cxposure
Cyanidc cnters air, water, and soil from both natural processes and industrial activities.

Airbome cyanide is gencrally far belosw levels that would cause concem.

Cyanide in air

In air. cyanide is present mainly os gascous hydrogen cyanide. A small amount of
cyanide in air is present as finc dust particles (Dinca et al., 1972). This dust cventually
sctiles over land and water.Cyanide is uscd in a number of industrics and is found al
low levels in nir from car exhaust (Binca ¢t «f., 1972).

Rain and snow help remove cyanide particles from air. The half-life (the time necded
for half of the malerial to be removed) of hydrogen cyanide in the atmosphere is about
1-3 ycars (Dinca ¢r af., 1972). Most cyanide in surface water will fonn hydrogen
cyanide and cvaporate. However, the amount of hydrogen cyanide formed is generally
not cnough 1o be harmful 0 humans. The cyanide content in unpolluted air averages
0.1600.166 ppm (0.180- 0.t87 mg/m’). Cyanide levels in smoke from U.S.
commercial cigarcttes range from 0 to 100 u p/cigarettc for maianstrcam (inhalcd)

smoke, and from 0.006 10 0.27 p pg/cigarettc for side stream smoke. Anthropogenic

sousces of cyanide relcascd into lhe environment are diverse. Hurnans arc exposed (o

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

anthropogenic sources. Many chemical forms of cyanide are also used in indusuial

applications or are prescnt in the cnvironment. The cyanide anion CN is the primary
toxic regordless of oiigin {WHO, 2004). Sources of cyanide relcases from industrics

include chemical manufacturing and processing plants such as metallurgical and mctal

plating industties and cxtraction of gold and silver from low-gradc orcs. Other sousces
include volatilization from cyanide wastes disposcd off in landfills and wasic ponds,

cmissions from municipal solid wasie incincrators, biomass buming and fossil fucls
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combustion including vchicle emissions, furnigation operations and the production of
coke or other coal carbonization procedute (WHO, 2004),

llydrogen cyanide is a product of combustion. including the cxhaust of internal
combustion cngincs, tobacco smoke, and cspecially some plastics deiived from
actylonitrile (because of the latter efYect, house fires can result in poisonings of the
inhabitants.) Potassium ferrocyanide is used to achieve a biue color on cast bronze
sculptures duting the final finishing stage of the sculpture. On its own. it will produce a
very dark shade of blue and is oftcn mixed with other chemicals to achieve the desired
tint and hue. It is applicd using a torch and paint brush whilc wearing the standard
safcty equipment used for any patina application: rubber gloves, safety plasses, and a

respirator. The actual amount of cyanide in the mixtuee varies according 10 the recipes
uscd by cach foundry (ATSDR. 2006).

Cyanide in watcr

Some cyanide in waler will be tansformed into less hannful chemicals by
microorganisms (plants and animals of very small size), or will form a complex with
mctals, such as iron (ATSDR, 2006). . Cyanidc is able to passes thtough soil into
underground water, Less is known about what happens to thiocyanate when it enters the
cavironment, The cyanide content in 99.8% of public water systems using groundwatcr
in the United States between 1993 and 1998 did not exceed the maximum concentration
limit of 0.2 mg/L (ATSDR, 2006).

Cyanidein soll

In soil and water, thiocyanate is changed into other chemical formis by microorganisms
(ATSDR, 2006). Cyanides are fairty mobile in soil. Once in soils, cyanide can be
removed through scveral processes. Somc cyanidc compounds in soil con form
hydrogen cyanide and cvaporate, whcrcas some cyanide compounds will be
wanslormed into other chemical forms by microorganisms in soil. Conscquently,
cyanides usually do not scep into underground water. However, cyanide has becn
detected in undergiound waters of o fcw landfills and industriat wastic disposal sites. At

the high concentrations found in some landfill leachotes (watcr that seeps through
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landfill soil) and in the wastcs stored in sonic disposal sites. cyanide becomes toxic (o
soil microorganisms (WHQ, 2004).

Cyanide in plonts

Cassava accounts for 41.5 per cent of the food consumed in Westem States of Nigeria,
53 per cent in Midwestern and 45 per cent in Enst Central. Cassava supplies the bulk of
thc cncrgy intake in Southem Nigeria as compared to other staples: there are several
cassavan-bascd food preparations for different periods of the day and various occasions
(Osuntokun. 1980). Cassava sccnts initially to have been adopted with coution because
of its toxicity but the various advantages (hat the cassava crop has over the indigenous
yams and other staples enhanced its 1apid adoption. Cassava plant including the slorage
root contains linamanne and taxiphillin respectively, which break down upon disruption
of the plant cells 10 form hydrogen cyanide. Since it con withstond drought, il is
soinclimes a nutritionally strategic famine reserve crop in arcas of unreliable rainfall
(Osuntokun, 1980). Howevcr in very small amounts, cyanide is a necessary requircment
in the human dict as prosthetic group of cyanocobalamine (Vitamin B12) (Osuntokun,
1980). Mecan cyanide conccnirotions have been reporied for some food products: cercal
grains (0.002--0.45 pg/p). soy protein procucts (0.07-0.3 pg/g), canned unpittcd fruits
(04 pg/g). commercial fruit juices (1,900-4,600 pg/L), and U.S. lima beans (100-170
pe/g). There arc no comprchensive dota on the cyanide content of total dict ssmples in
the United States, so it is not possible to estimate the averuge daily intake from foods
(ATSDR, 2006).

Cyanide is extiemely toxic (o humans. Chronic (long-teim) inhalation cxposure of
humans to cyanide results primarily in effects on the ccntial nervous system (CNS)
(ATSDR. 2006). Other cflects in humans include cardiovascular and respirutory
cfTecls, an cnlarged thyroid gland, and irritation to the cyes and skin (ATSDR, 2006).
No data are available on the carcinogenic eftiects of cyanide in humans via inhalation
(ATSDR. 2006). Animal studics have suppesicd thot oral exposurc o cassava (a
cyanide-containing vegetable) inay be associnted with malformations in the fetus and

low foetal body weights (ATSDR. 2006). Cyanide is relcasced into the cnvironment from
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numecrous sources as a result of human activities. Mctal linishing and organic chemical
linishing industries as well as iron and steel prodtuction arc major sources of cyanide
relcases to the aquatic environment.. The general population may also be exposed to
cyanide by inhalation of contaminated air, ingestion of a variely of foods or
contaminatcd dninking water (ATSDR. 1989).

2,2.2 Uscs of cyanide

Mcdical uses

The cyanide compound sodium nitroprusside is occasionally used in cmicrgency medicnl
situations to produce a rapid decrease in blood pressure in humans; it is also used as a
vasodilator in vascular rescarch, During World War 1, a copper cyanide compound was

briefly used by Japanese physicians for the treatment of tuberculosis nnd leprosy (Van
Heijstes al.. 1987)

Fishing

Cyanides are illegally used to capture live fish near coral reefs for the aquarium and
seafood markets. This lishing occurs mainly in the Philippines, Indonesia and the
Caribbean to supply the 2 million marine aquarium owners in the world. [n this method,
adiver uses a large, needle less syringe to squirt a cyanide solution into areas where the
fish are hiding, stunning them so that they can be casily gathered. Many fish caught in
this fashion dic immediately, or in shipping (Bedding e/ al., 1982). Those that susvive (o
find their way into pet stores often die from shock, or from massive digestive damage.
The high concentrations of cyanide on reels on which this has occuried has resulied in
cases of cyanide poisoning among local fishermen and their familics, as well as
irreversible damage 1o the coral reefs themselves and other marine life in the area

(Bedding et at., 1982).

Furnigation
Cyanides arc usced a$ insccticides for the fumigating of ships. In the past cyanidc salts

have and still are in some places being used as rat poison (A TSDR, 1993).
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Execution and Notnble Cyanide Dcaths
Cyanides have been used as poison many times thioughout history. The most infamous
application was the use o f hydrogen cyanide jx:llets by the Nazi regime in Germany for
massmurder insome gas chambers during the Holocaust (Van Heijst e/ af.. 1987).
Cyanides have been used (as in the case of Grigori Rasputin) for attempted murder, and
for judicial cxeculion in some parts of the United States (Van Heijst ¢ al., 1987)
Somc notable persons who commitied suicide by cyanides (cither cyanide salt or
| hydrogen cyanide) arc Eva Braun, Wallace Carothers, Odilo Globocnik, Joseph
Goebbels, 1lcrmann GOring, llcinrich [limmler, Adolf llitler (in combination with a
gunshot), GUnther von Kluge, Envin Romniel, Alan Turing and the Libctation Tigers of
Tamil Eelam. The mass suicide/murdcr of The Pcople's Temple in Jonestown was done

with cyanide poisoning (Van Heijst er af., 1987).

Other uscs

[*otassium fcrmocyanide is used to achicve a blue color on casi bronze sculptures during
the finat finishing stage of the sculpture, On its own, il will produce o very dark shadc
of blue and is oficn mixed with other chemicals (o achicve the desired tint and hue. It is
applied using o torch and paint brush whilc wearing the standard safcly equipment used
for any patina application: rubber gloves, safety glasses, and a respirntor. The actual
anmount of cyanide in the mixture varics according to the recipes used by each foundry
(Baud ¢f al. 1991).Cyanide is also used in jewcllcry-making and certain Kinds of
photography (ATSDR, 1993). Although gencrally thought to be toxic. cyanide and
cyanohydrins have been demonstrated (0 increase germination in various plant species
(ATSDR. 1993).

2.3 Mcchanism of cyanide toxicily

The cyanide anion is an inhibitor of the enzyme cylochrome ¢ oxidase in the fourth
complex of the elcctron transport chain (found in the membrane of the mitochondria of
cukaryotic cclls). It attaches 10 the iron within this protein. The binding of cyanide to

this cytochrome prevents transport of electrons ffom cytochrome c oxidase to oxygen.
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As a result, the cleciron tiansport cliain is disrupted. meaning that the cell can no longer
acrobically producc ATP for cncrgy. Tissues that mainly depend on acrobic icspiration.

such as the central nervous systcm and the heart, arc particularly aflccted (lsom and
\Vay, 1976).

Cyanide causes a decreese in the utilization of oxygen in tissues producing a state of
histotoxic anoxia. Cyanidc can also iahibit scveral other mctallo-cnzymcs containing
copper or molybdcnum c.g. alkalinc phosplatase, carbonic anhydrase. Cyanide causes
an increasc in blood glucose and lactic acid Icvels and a decicase in the ATP/ADP rtio
shilling fiom acrobic to aaaciobic mctabolism (Isom and Way. 1976). Cyanidc activates
glycogenolysis and shunts glucosc 10 the peotosc phosphatc pathway decrcasing the rte
of glycolysis aod inhibiting the tncarboxylic acid cycle (Rosling, 199:). HCN reduces
cncrgy availability in all cells but its eflects is always nost immcedialc on the respirotory
systcm and the hcort. The Icthal dose for an adult. depends on the body weight and
witnitional status and this is somewhere between 30 and 210mg of HCN (Rosling,
1994). If the HCN cxceeds the limit an individual is able to dctoxily or toleratc, death
may occur whilc smaller sub- Icthal amounts of cyanide causc acutc intoxication.
Symploms of aculc cyanidc intoxication include rapid respirtion; drop in blood
pressure, rapid pulsc, dizziness menlal confusion, diarrhca and convulsion (Rosling,
£994). Chronic cllccts of cyanide intoxication. has been linked fo rcgular long- tcrm

consumption in individuals with poor nutiition (Rosling, 1994).

Death duc to cyanide poisoning can occur when the cyanide limit excceds the lirit on
individual is able to dectoxify. The likclihood of cyanide inloxication from consumption
of cassava or bamboo shoots is dcpendent on body weight aod it is possiblc that a child
or person of smallcr body weight would not be ablc to detoxify the cyanide resultant
fiom a mcal of inadequatcly preparcd cassava or bamboo shoots (Rosling, 1994). The
acutc Icthal dose of hydrogen cyanidc for human beings is repoited to be 0.5-3.5 mg/kg
body weight. Approximalcly 50-60 mg of fice cyanidc from cassava and its processed
products constitulcs a lethal dose for an adult man (Tyllcskar ¢t af., 1993). Long-tcrm
consumption of cassava, with chronic uptakc of cyanoglycosides in sub-acutcly toxic

doses may be involved in the pathogencsis of ccrtain conditions including thc
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disturbance of thyroid function (goitre) and ncuropathics. this thyrotoxic eflects of
cyanide depends on its conversion 10 the iodine antagonist thiocyanate (Tylleskar et al.,
1993). lluman cassava cating population showed opthaimological and ncurological
symptoms, which are associated with exposure 1o HCN (Tylleskars et al.. 1993).

Other nutritional and metabolic deficiencies affecting the cyanide dctoxilication
mcchanism include suiphate and zinc deliciencies. Several cpidemiologtcal studies, in
cassava cating population had established an association between cyanide exposure and
spasticparaparesis, omblyobia ataxia or tropical ataxio ncuropoathy (FAN) (ATSDR,

2006), Ncurological disorders and thyroid abnormalitics have been linked with long-

terin consumption of cassava (Baskin ef. af., 1998). Surveys in African communitics

where cassava is a staple crop show a strong corrclation betwecn casspva consuniplion

and endemic goitie and cretinism. Dietary defieiencies, especially low intake of iodinc,

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

in Africa, where the daily diet ts dominated by starchy staplc foods, dictary cyanide

exposurc from cyanogenic glycosides in insufficicntly processed foods conlaining IICN

Slycosides has been implicated as conuibuting factor in growth retardation. [n the

human body, cyanide is dctoxificd mmnly by enzymotic conversion to the much less

toxic thiocyanate {SCN). This detoxilication reyuires sulphur donors that are provided

by sulphur- containing dictary amino acids, cystcine and methionine (Oke. 1980). In

subjects who have an adequate protein component of their diet, excess cysteine and

mcthionine arc not 1equired for protein synthesis and me degraded 10 inorganic sulphate
and excreted (Oke, 1980).

The nutritional interest in some of iliese vegcelable species stems from their rich contents
of essential awnino acids, vilamins and minernls. Fuither o their rich content of the
mentioned nutrients, it is established that green vegetable leaves are the cheapest and
most abundant source of proteins because of their ability to synthesize aimino acids {rom
o wide 1ange of virtually available primaty materials such as water, carbon dioxide. and
atmosphcric nitrogen (as in lecgumes) (Farmer, 1977). Thercfore, some of these
vegctables are the chcapest and most readily available sources of important proteins,

vilamins and essential amino acids.
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Cyanide is an extremely toxic and fast acting poison; however, it can be detoxified to a
cctlain exlent in the human body. In vety small amounts. cyanide is a nccessasy
requirement in the human diet as prosthetic group of cyanocobalamine (Vitamin 312)
(JECFA, 1993). Cassava plant including the storage roots, contain linaunarine and
lotaustralin respectively. which break down upon disruption of plant cells to form
hydrogen cyanide (Dictz ¢f ol., 1994). Diffcrent ncurological syndromes hade been
associalcd with exposure to cyanide. Dielasy cyanide exposure from cassava roots
combined with a low intoke of the sulfur amino acids neccssary for cyanide
dctoxification has been implicoted in the causation of growth rctardation and konzo. an
upper molor neuron diseasc identified in Africa (Rosling, 199.4). The lethal dose of
cyanide for an adult depends on the body weight and nutritional status and this is
somewhere between 30 and 210 mg of HCN. Ifthe HCN exceeds the limitan individual
is able to detoxify or tolerute, death may occur due to cyanide poisoning while smaller

non- falnl amount of cyanide cause acute intoxication (US EPA, 1984).

The amount of cyanide in the blood that is likely lo prove toxic is imprccise and
depends heavily on when the sample is drawn in comparison to the lime of exposure,
the specific cyanide compound or cyonogenie compound involved, the route of
exposuie, treatment provided before sampling (if any), and sample handling betwcen
collection and analysis (Ycaoh and Braitberg, 2004).. [n adults, the blood cyanide level
that isrcgarded as "toxic" is generally considered to be > 1 mg/L (39 umol/L), and the
"fatal” level is generally considered 1o exceed 2.6 10 3 mg/L (100~115 pmol/L) (Yeaoh
and Braitberg, 2003). Inhalation of Fire Smokc approximately one fourth of the 4000
fire and bum-related deaths each yeor in the United States occur in children younger
than 15 years (American Academy of Paediatrics, 2000). In children, as in adults, the
majority of fire-related deaths arc attributed 10 smoke inhalation rather than bums
(American Academy of Paediatrics, 2000). Children were among the smoke-inhalation
futalities in the widely publicized apartment fires in the Paris, France area during 2005
(CNN Intcmational, 2006), In one apartment fire in August 2005, 14 of 17 fatalities
were of children. In a second apartment fire also in August 2005, 4 of the 7 fotalitics

were of children. Children also died in a third apactment fire in September 2003.
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Cyanide is an important contributor to death by smoke inhalation and is present 1t the
blood of fire victims {rcgardicss of age) in most cases (Barillo and Goode, 1994). Ina
mcta-analysis of smokc-inhalation-associated deaths occurring in 7 major firc incidents
from 1971 0 1990, cyanidc was found in the victims' blood in each study in Which it
was mcasured (Alaric, 2002). Carboxyhemoglobin Ievcls corrclated poorly with blood
conccatrations of carbon monoxide. The percentage of fatalities having Icthal blood
. concentrations of cyanide mnged from 33% to 87% in thc mcta-analysis. [n onc fire
scenc, for examplc. toxic blood concentrations ol cyanide were documented in 87% of
victims, although only 72% had a carboxyhcmoglobin Icvel exceeding 30%. a {inding
suggesied by incomplete dala from other secnes as well and suggesting o causc of death
othcr than carbon monoxidc in these victims. Consisicnt with the results of this mcia-
analysis, other studies have found cyanidc in the bload of 62% to 77% of vicims who
dicd (Bnnllo nnd Goode. 1994).

Elcvated blood cyanide conccntintions have been found in children exposed to fire
smoke. In a scminal study o the rolc of cyanide in smokc-inhalation injury and dcath,
30 of the 109 victims of smoke inhalation in scsidential fises in Paris weee younger than
14 ycars (Boud ¢1. al., 1991). Among those 30 childsen, 13 dicd and 17 survived.
Cyanidc was present in both children who suivived (mecan concentration: 27.4 pmol/L)
and thosc who dicd (mcan concentration: 87.0 pmol/L). Blocd carbon monoxide
concentrations were below the lethal level in some children who survived and some who
dicd, a result suggesting, swhen considered in conjunction wath the prescence of cyanide
in their blood that cyanidc poisoning andfor other causcs of hypoxia may have
contributcd 10 their dcath. The gencrul population may he cxposed to cyanide from
ambicnt air, drinking-watcr, and food. Bascd on an atmosphctic hydrogen cyanide
concentration of 190 ng/m? and an average daily inhalation of 20 m? air, the inhalation
cxposurc of thc geneml US non-urban, non-smoking population 1o hydrogen cyanidce is
cstimated 10 be 3.8 pg/day (ATSDR, 1997) whilc based on o daily drinking-water
consumption of 2 litres for an adult, the daily intake of cyanogen chloridc is estimated

to be 0.9-1.6 pg (cquivalent to 0.4-0.7 pg of cyanidc) (ATSDR, 1997) for cyanogen
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chloride concentrutions in waler of 0.45-0.80 pg/litrc (0.19--0.34 pg cyanide/litre).
Among the general population, subgroups with the highest potential for exposuie to
cydnidc include active and passive smokers, individuals involved in large-scalc
processing of foods high in cyanogenic glycosides, individuals consuming foads high in
cyanogenic glycosides, and, to a lesser degrec, fire-relaled smoke inhalation victims.
Cyanide is uscd in a number of industries and is found at low levels in air fiom car
cxhaust. Cyaaide is cxtremely loxic lo humans. Chronic (long-lerm) inhalation
cxposurc of humans 1o cyanide results primatily in cfTects on the central nervous system
(CNS). Other cifects in humans include cardiovascular and respiratory eflccls, an
cnlarged thyroid gland. and irritation to the cycs and skin. No data arc availablc on the
carcinogenic eflects of cyanide in humans via inhalolion. Animal studics have
suggested thal oral exposure 1o cassava (o cyanide-containing vegelable) may be

associated with malformations in the fetus and low' fetal body weights,

2.4 PPropertics of cynnide

2.4.T Physical propcrtics

Cyanide is present in a number of compounds such as hydrogen cyanide, sodium
cyanide, and potassium cyanide. Hydrogen cyanide is a colourless gas or liquid with a
faint, biticr almond odour. The odor threshold for hydrogen cyanidc is 0.58 parts per
million (ppm). The chemical formula for hydrogen cyanide is HCN, and the molecular
weight is 27.03 g/mol. The vapor pressure for hydrogen cyanide is 264.3 mm Hg ot 0
°C, and its log octanol/waler partition coeflicient {log Ko, )15 0.66. Sodium cyanide and
polassium cyanide are both colourless solids that possess the slight odour of bitter

almonds (USEPA, 1997; ATSDR, 2006).

Hydrogen cyanidc is a colourless or pale blue liquid with characleristic odour of bilter
almond (Verschuercn, 1983). it has a molecular weight of 27.03 and a boiling point of
25.6°C (Verschucren, 1983), Tt ismiscible with waterand alcohol and slightly soluble in
ether {Budavari, 1989). Mosl people can smell hydrogen cyanide. Due to an apparent
genelic trait, some individuals cannot detect the odor of HICN (Bokanga er. af., 1994),
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Sodium cyanide and potassium cyanidc are both white powders with a bitter almond-
like odor in damp air, due to the presence of hydrogen cyanide fortned by hydiolysis:
NaCN + H,0 -— HCN + NaOH

- Cyanide is considered, in a broad sense, to be the most polent ligand for many transition
nictals. The very high afTinitics of mctals for cyonide can be atiributed 10 its negative
charge, compactness and ability to cngage in x-bonding. Well known complexes

include:

. the hexacyanides {M(CN).J*" (M = Ti. V. Cr. Mn. Fe, Co), which arc ocishedral
in gecomelry;

e  the 1ctra cyanides, [M(CNL]*™ (M = Ni, Pd, P1), which are square planar in
gecometry,

e  The dicyanides [M (CN)3} (M = Cu, Ag, Au), . which are lincar in gcomelry.

Juc to its high nuclcoplilicity, cyanide is readily introduced into organic molecules by

s

T
—ae

isplacemenl of the corresponding organic halide. Organic cyanides are genernlly called
irilecs. Thus, CH;CN can be methyl cyanide but more commonly is referred to os
cctonilrile. In organic synthesis, cyamde is used as a C-| synthon. l.e,, it can be used lo
engthen a carbon chain by one, whilc retaining the ability to be functionalized.

RX+CN — RCN + X" (Nuclcophilic Substilution) foltowed by:

. RCN+2 H,0 — RCOOH + N1, (Hydrolysis), or

2. RCN + 0.5 LiAlkl; + (second step) 2 H:O — RCHiNH: + 0.5 LiAI(OH), (under

refux in dsy cther, followed by addition of Hz0)

N TR T

An alternative method for introducing cyanide is via the process of hydrocyanation,

whereby hydrogen cyanide ond atkencs combine:
RCH=C}H; + HICN — RCH (CN) CH3

Mclal catalysts are required for such reactions.

2.4.2 Chemiical propertics

Once released in the environmenl, the reaclivity of cyanide provides numerous

pallways for its dcgradation and aticnuation:
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n} Complcxation

Cyanide forms ionic complexes of vaiying stability with many mctals- Most cyanidc

complexes arc much less toxic than cyanide, but weak acid dissociable complexes such

as those of copper and zinc are rclatively unstable and will release cyanide back to the

environment. lron cyanide complexes are of particular importance due to the abundanec
- of iron typicnlly availablc in soils and the extrcme stability of this complex under most

environmental conditions. Howcver, iron cyanides arc subject to photochemical

dccotnposition and will releasc cyanide if exposcd to ultraviolct light.

Mctal cyanide complexes arc also subject to other reactions that reduce cyanide

concentrations in the environmenl. as described below.

b) Precipitation

[ron cyanide complexes form insoluble precipitates with iion, copper. nickel,

manganese, lead, zinc, cadmium, tin and silver. lron cyanide forms precipitales with

iron, copper, magnesium, cadmium and zinc ovcr a pH range of 2-11 (ICM]I, 2006).

c) Adsorption

Cyanide ond cyonidc-mctal complexes are adsorbed on organic and inorganic

constitoents in soil, including oxides of aluminum, iron and manganese, certain lypes of

clays, feldspars and organic carbon. Although the sirength of cyanide retention on

inorganic matcnals is uncleor, cyanide is strongly bound to organic matter (ICMI,

2006).

d) Oxidation

Oxidation of cyaaide to less toxic cyanatc normally requires a sirong oxidizing agent

such as ozone, hydrogen peroxide or hypochlorite. However, adsotption of cyanide on

both organic and inorganic materials in the soil appears to promote its oxidation under

noatural conditions (1ICMI, 2006).

c) Sulbhurution

Cyanide reacts with some sulfur species to form less toxic thiocyanate. Potentiol sul fur

sources include [ree sulfur and sulf:de minerals such as chalcopyrite (CuFeS2),

chalcocitc (Cu2S) and pyrhotite (FeS), as well as their oxidation products, such as

polysulfidcs and thiosullate (ICMI, 2006).

N Volatilization
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At the pll ypical of environmental sysicms, free cyanide will be predominately in the
fonn of hydrogen cyanide, with gaseous hvdrogen cyanide evolving slowly over time.
The amount of cyanide lost through this pathway increcases with decreasing pll
increascd acration of solution aod with increasing temperature. Cyantde is also lost
through volatilization from soil surfaces {IC M, 2006).

®) Biodegrilation

Under aerobic conditions, microbial activity can degrade cyanide to ammonia, which
then oxidizes 1o nitrale. This process has bcen shown cffective with cyanide
concentrations ol up to 200 parts per rnillion. Although biological degmdation also
occurs under anacrobic condilions, cyanide concentrotions greater than 2 pasts per
million are toxic to these microorganisms (ICMI, 2006).

h) Hydrolysis

Hydrogen cyanide can be hydrolyzed 10 foimic acid or ammonium formate. Although
this reaction is nol rapid, it moy be of significance in ground waler where anacrobic
conditions exist {{CMI, 2006)

2,5 Effects of cyanide exposurc on the environminent and hurnun

2.5.1 Effects on the environment

Although cyanide reacts readily in the environmcent and degrades or forms complexes
and solts of varying stabilities. it is loxic 10 many living organisms al very low
conccntrotions {{CM I, 2006),

Alr

Cyanide is found in nmbient oir as hydrogen cyanide and to a smaller cxtent in
particulate matter. The concentration of hydiogen cyanide measured since 1981 in the
northem hemisphere’s non-urban troposphere ranged from 180 to 190 ngfm’ (Ciccrone
and Zcllncr, 1983 Jaramillo ¢ al., 1989). Ambient air monitoring dala for cyanides in
Bulgaria in arcas ncar petrochemical planis showed concentrations ranging from 0.2 to
0.8 ug/m’ (annua) average value) (Kaloyanova ef ai., 1985). Cyanide has been deiected
at levels of 20-46 mg/m’ in the air near large-scale cassava processing facilities in

Nigeria (Okafor and Maduagwu, 2000).
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Waltcer

Cyanides. in form of, hydrogen cyanide, sodium cyanide, potassim cyanide. calcium
cyanide, or copper (1) cyanide, have been detected in surface water samples ot 70 of the
154 hazardous wasle sites where they were studied in the USA: they have also been
detected in groundwatcr samples a1 191 of the 419 waste sites studied and in leachate
- samplcs of 16 of the 52 sites studied (WIIO, 2004). The median concentrations in the
positive samplcs werc 160 pgflitre for groundwater, 70 pg/iter for surfacec water, and
479 pgliter for the leachatces (IazDat. 2003). Dala from the US National Urban Runoff
Progrom in 1982 revealed that 16% of urban runofT samples collected from four cities
across the USA contained cyanides at levels of 2-33 ug/litre (ATSDR, 1997).
According to the US Environmental Protection Agency’s (EPA) STORET databasc, the
mcan cyanide concentration in most surface waters in the USA is less than 3.5 pg/litre
(US EPA, 1993). Data from the late 1970s to carly t980s indicated thot the Icvels are
higher only in limited arcas and may exceed 200 pg/liue (ATSDR, 1997). In 1978, a
US EPA survey of diinking-water supplies showed that about 7% of the supplies hid
cyanide concentrations greater than 10 pg/litre (US EPA. 1993). Cyanogen chloride is
onc of the 18 compounds that occur most frequently (8 of 10 city surveys) in potable
waler within the framework of the US National Organic Reconnaissance Survey
(Bedding ¢ al., 1982). In a survey in 1987 of over 35 dnnking-water supplies, the
quancrly median cyanogen chloride concentrations in drinking water ronged from 0.45
10 0.80 pg/litre (from 0.19 to 0.34 ug cyanide/lise) (Krasner ¢ al., 1989; ATSDR,
1997). More current data regarding the cyanide and cyanogen chloride levels in
drinking water are lacking. Eevels of 1.58-7.89 mg cyanide/litre have been found in
natural water sousces near large-scale cassava processing facilities in Nigeria (Okalor er

al,, 2001).

Soil

Cyanide has been identified in the soil of hazardous waste sites in the USA; the median
conccntrations for the positive sites were 0.8 mg/kg in the subsurface soil (found at 77
sites of the 124 studied) and 0.4 mg/kg in the topsoil (51 positive sites out of 91 sites)

(HazDat, 2003). Cyanide-containing wastes are commonly found in soils at former
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manujaciured gas plant sites in the USA. Most concentrations of cyanide compounds at
the manufactured gas plant sites are below 2000 mg/kg. The most pievalent types of
cyanide compounds are iron<complexed fotms. ¢.g., ferric fecrocyanide (Prussian blue),
tather than the highly toxic free cyanide forms. Iron.complexed cyanides, dominated by
the fcrrocyanide ion, comprise over 97% of total cyanides in cither weathered or

unweathcied soils (Shilrin ¢/ ai., 1996).

Food

Many cdible planis contain cyanogenic glycosides. whose concentmlions can vary
widcly as a result of genclic and environmental lactors, location, season, and soil types
(Crmans ¢f ai.. 1980: JECFA, 1993). Some of the foodstuifs and their cyanide contents
arc shown in Table 1, Cassava tubers vary widely in their cyanogenie glycoside content,
although most variclics contain £5-400 mg cyanide/kg fresh weight. Occasionally
varictics of cassava tubers contain 1300-2000 mg cyanide/kg [resh weight, and cassava
leaves conlain 1000-2000 mg cyanogenic glucosides/kg on a dry matter basis (’admaja,
1995). Fenncntation of cassava pulp for 96 h during gari production reduced the
hydrogen eyanide content by 50%: soaking of sliced cassava for 24 h, 40%; and sun
drying, some 15% (Kendirim ¢t al., 1995). It should be noted that the ranges ol cyanide
concenirations shown in Table | are very broad in several cases (i.c., cereals and their
products, soy protein products, and apncot pits), which may be duc to their difTcrent
sources and differences in analytical procedures; as well, the values may ieflect the
older literature (WHO, 2004).

Aquatic Organisms

Fish and aquatic invertebrates are particularly sensitive to cyanide exposure.
Concentrations of free cyanide in the aquatic environment ranging from 5.0 to 7.2
microgtams per liter treduce swimming perfonnance and inhibit reproduction in many
species of fish. Other adverse eflects include delayed mortality, pathology, and
susceplibility to predation, disrupted respiration, osmorcgulatory disturbances and
altered growth patiems. Concentrotions of 20 to 76 micrograms per liter free cyanide

cause the death of many species. and concentrations in excess of 200 microgiams per
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liter are rapidly toxic to most spccies of fish. Invertcbmies expenence adverse nonlethnl
cffects at 18 10 43 micrograms per liter (ree cyanide. and lethal effects at 30 1o [00
microgiams per liter (although concentrations in the range of 3 to 7 micrograms per liter
caused death in the amphipod (Gainmarus pulex) (ICMi. 2006). Algac and macrophyics
. can tolcratc much higher environmental conccntiations of free cyanide than fish and
invertebrutes, and do not exhibit adverse clVects ot 160 micrograms per liter or more.
- Aquatic plants are unaffected by cyanide at concentrations that are [ethal 10 most
specics of fieshwatcr and marine fish and inventebrates. [lowcvcer, differing scnsitivities
10 cyanidc can result in changes to plant community structure, with cyanide exposurcs
leaving a plant community dominated by less sensitive species (ICMI, 2006).

" The toxicity of cyanide 10 aquatic life is probably caused by hydrogen cyanidc that has
ionized, dissocisted or photo chemically decomposed fiom compounds containing
cyanide. Toxic effects of the cyanide ion itself on aquatic organisms arc not believed to
oe significant, nor arc the effects of photolysis of ferro- and fcrricyanides. [t is therefore
the hydrogen cyanide concentration of water that is of greatest significancc in
dciemiining toxicily to aquatic life rather thany the total cyanide conccntration. The
sensitivily of aquatic organismis lo cyanide is highly species spccific, and is also
oflecied by water pll, temperature and oxygen content, as well as the life stoge and

condition of the organisin.

Birds

Repotted oral Lethal Dose SOunits for birds range fram 0.8 milligrams per kilogiam of
body weight (American racing pigeon) to | 1.1 milligrams per kilograni of body weight
(domestic chickens). Symptioms including panting. eye blinking, salivation and lethargy
appear witliin one-half 1o five minutes after ingestion in more sensitive species, and up
1o ten minutes alter ingestion by more resistant specics. Exposures to high doses
resulted in deep, laboured breathing followed by gasping and shallow intemittent
breathing in al] species. Mortality typically occurred in 15 1o 30 minutes; however birds
that survived for one hour frequently recovered, possibly due 10 the rapid metabolism of

cyanide 10 thiscyanatc and iis subsequent excretion. Sub lethal effects of cyanide
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exposurc 10 birds. such os on increasc in their susceplibility 10 predators, have not been

fully investigated and reported (ICMI, 2006).

Mammals

Cyonide toxicily 10 mammals is rclatively common due to the lorge number of

cyanogenic forage plants such as sorghum, Sudan gasscs, com and cassava
Concentrations of cyanide in these plants are typically highest in the spting duning
blooming. Dry growing conditions cnhance the accumulation of cyanogenic glycosides

in certain planis as well as increosc the use of these plants as forage ([CMI, 2006).

2.5.2 Effccts on human

Natural occurrence

Cyanide occurs natusally as cyanogenic glycosides in at fcast 2600 planis sce (JECFA,
1993). Known cyanogenic glycosides in plants include amygdalin, linamann. dhunin,
pranasin, lotaustrain and axiphyllin, Amygdalin (d-mandelonitile-beta-d-glucoside-6-
beto-d-glucoside) has been found in about 1600 species of plants, including cassova
(tamoca. manioc), sweet potalo, com. cabbage, linseed, millel, and bamboo. in pits of
foor fnuts, such as cherries, peaches, and apricots, and in apple sceds (JECFA, 1993;
Sharraa. 1993; Padmayn, 1995). [t is also present in bitter almonds and American white
lima besas. (Esmnans ef o/, 1972). Among them, cassava (lapiocs, manioc) and sorghum
are staple foods for hundreds of millions of peoplc in many tropical countnies. After
ingestion, limaoann can be hydrolysed by either cassava linamasase or an endogenous
beto-glucrsidase 1o yicld d-glucose (Frakes e al.. 1986)

Hydrogen cysnide i3 ubiquitous in nature, |18 found in the siralosphere and non-whan
voposphere (US EPA, 1993), [t 13 relcased into the atmosphere fiom biomass buaning.
volcanoes, and nalura! biogenic processas from higher plants, bocteria, algac. and fungi
(ATSDR, 1997; Fiksel e ai., 1981; Way, 1982; Cicerone & Zellner, 1983; Li ef al.
2000;), An estimale of the amouns of cyanide released 1o the environument from natural
biogrmic proacsses is not evallable (ATSDR. 1997), In air, cyanide is present as
gascous hydrogen cyanide, with a small emownl present in fine dust particles (WHO,
2004)
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Anthropogenic Sources

{iydiogen cyonide is produced by the combustion or pyrolysis of ccrtnin materials under
oxygen-deficicnt conditions. For example it can be detecied in the exhaust of internal
combustion engines and tobacco smoke. Certain plastics, especially those derived from

ocaylonilrile, release hydrogen cyanide when heated or bumt (ATSDR. 1997),

" Non-point sources of cyanide jeleased o waler can resull from unoff from cyanide-
conlaining anti-coking salts used on roads, migiation from landfills, ond agriculiural and
simospheric fallout and washout (ATSDR, 1997). Point soutces of relcases lo woler
- include discharges from gold mining planis, waslewnlcr treatment works, iron and sleck
production, and organic chemical industiies. Cyanides hove the potential 10 be
'~ trensported over long distances {rom their respective emission sources (WHO, 2004).

The majority of human population is cxposed 1o very low levels of cyanide in the
general environment. There are, however, specific subgroups with higher potential for
cxposure. These include individuals involved in lorge-scale processing of cassava and
those consuming significant quantitics of improperly prepared foods containing
cyanogenic glycosides, such as casseva, apricol pils, and bitter olmonds. Other
subgroups with greatest potential for exposure include those in the vicinily of eccidental
or intended releases from point sources, aclive and passive smokers, and fire-relaled
smoke inhatation victims. Workcrs may be exposed (o cyanides during fumigation
opcralions and the production and use of cyanides in many indusirial processes — for
cxample, electroploting, case-hardening of siecl. and extraction of gold ond silver from
orcs (WHO, 2004). One cigatette without a filter liberates 500-ug hydrogen cyanide,
while [ lter cignrettes liberate only t00 g in mainstreamm smoke. Hydrogen cyanide
concentrations in mainsircam and sidestream smoke mnging from 280 to 550
w8/cigaretie and from 53 1o |11 pg/cigarette, respectively, hove been repornted;
sidesitcam: mainstream ratios of hydrogen cyanide concentrations ranged from 0.06 to

0.50 (ATSDR. 1997).
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Dhugrin (CAS No. 439.208) Linamarin {CAS Na. 554-358)

CH30H CHy0H

H CHj
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H
Amyqdalln (CAS o, 29883.15§) Lotausttalin {CAS No, 334 67 8)
CHy0H CHi0H CK3

Piunasin (CAS No. 99.183) Taxiphyllin (CAS Ho. 214012138)
CHyOH CH,0H
e
I\CH H
| CN
4 H
i O

Figure 2.1: Cyanogenic glycosides in ediblc plants (JECFA, 1993)

The level of hydiogen cyonide found in Canadian cigareite smoke under Inlemotional
Organizotion for Stondardization stondard smoking conditions were as follows:
mainsircam smoke, 32-136 pg/cigarctie; and sidestream smoke, 77-136 pg/cigarcite
(llcalth Canada, 2002). Thc avcroge cte of cmission of hydrogen cyanide by
gutomobile exhaust wes reporied 1o be 7-9 mg/km for cars not cquipped with catalytic

converiers and on Lhe order of 0.6 mgfau for cars with catalytic converters operating
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under oplimum conditions in the mid- 10 late 1970s (ATSDR, 1997). Cyanogcn chloride
is fotmed as a reaction product of organic precussots with hypochlorous acid in the
presence of ammonia and may be formed as a by-product of the chloramination of watcr
(c.g.. via the reaction of humic subsiances with chlorine and chloramine used for water
disinfeclion) (Ohya and Kasino 1987; IPCS, 2000). in the USA, 35% of the surface
* waler plants and 23% of the gioundwater plants using chlomminc as a primary or

secondaty disinfcctant report cyanogen chloride formation (US EPA, 1985).

Tablc 2.1: Cyanide Conccnuiations in Food Products.

.’l‘ypc of product Cyanide cunceniration
(in mg/kg or mg/litcr)

Cecreal grains and thceir products 0.001-0.45

Soy protein products 0.07--0.3

Soybcan hulls 1.24

Apricol pits. wect weight 89-2170

Home-made cheivy juice from pitted [ruits 5.1

llome-madc chenty juice containing 100% crushcd pits 23

Cunncrcial fruit juices

Cherry 4.6
Apricot 2.2
Prune 19

Tropical foodstufls

Cassava (bitter) / dricd root cortex 2360
Cassava (bitier) / lcaves 300
Cassava (bitter) / wholc tubers 380
Cassava (swcct) / lcaves 451
Cassava (sweet) / whole 1ubers 445

Gani flour (Nigeria) 10.6-22.1
Sorghum / wholc immature plant 2400
Bamboo / immature shoot tip 7700
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[-Limn beans f;om_ !;ucno Rico (b_lnck_)

[Limn beans fiom Burtna (swhite)

e —— - — — — S ey —

L.ina beans f-mm Java (colored) 3000

From ATSDR, (1997); Nartcy, (1980); Honig ef at.. (1983); JECFA, (1993).

Hidinan exposure to cyanide by dictary intoke is estimated to be potcntially of major

signilicance for cossova-consuming populations; cassava has been estimated 10 be the

- staple food for 500 million people (WHO, 2004). However, data on the concentrations

of cyanidcs in the total dict are lacking; hence. the daily cyanide intake from food
cannotl be calculated. For human consumption. cassava can be ealen raw', cooked, or
groted and roasted into Mlour and caten as “gan,” which is the common form in Nigeiia
(Kendirim cf ¢f., 1995). In Mozambiquc, il was cstimated that it familics aflected by
the “mantokassa™ discase (spastic paruparesis), the daily intake of cyanogcns was [4-30
mg (as cyanidc) ot the time of a manitakassa cpidemic in 1981 (Ministty of llcalth,
Mozambiquc, 1984). In Nigeria, it was estimated that the intake of hydrogen cyanide in
the tropical ataxia-endemic arcas may be os high as 50 mg/day (Osuntokun, 1981).
Hydrogen cyonide can be produced by hydrolytic reaction catalysed by onc or more
enzymes from the plants containing cyanogenic glycosides. [n kemels, for example, this
reaction is catalyscd by the cnzyme cmulsin (Lasch and EI Showa, 1981) when the
secds are crushed and moistcned. Amygdalin (which is also present in cassova, bitter
olmonds, and pcoch stones) is converted 1o glucose. benzaldchyde, and hydrogen
cyanide (Figuse 2) (1PCS. 1992),

CHOM
/i—{l CH0M
Wt o\

- 2
- CH —i)
. i
2H0 . NOH M " #—0\ H’i \ -
HO L] .J'IIH ,' H—(} — AOH H + H_MN * CHO
' OM OH M — HO H
4 W o [ T

Water +«  amypdalin —P  J0Mcose ¢+ Cyanle + bencaidehyde
Figure 2.2: llydrolysis of amygdalin
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Hydiogen cyanide release can occur dunng miaceration of foods containing cyanide,
which activates intracellular hete-glucosidases. This reaction can also result from
chewing, which causes the enzyme and the cyanogenic glycosidcs stored in different
computments (o combine (Ermans ¢ of., 1980; Nahustedt, 1993). The rcaction occurs
ropidly in an alkaline cnvironment. and the hydrolysis is complcte in 10 min.
Hydrolysis is possible in an acid solution and tokes place slowly. Liberation of
hydrogen cyanide from cyanogcnic glycosides occurs ususlly after ingestion and
]|| hydiolysis by the glycosidases of the intestinal microflora and. to a lesser degree, by’
" glucosidases of the liver and other tissues (Padmaja, 1995). However, hydrolysis may
~ also occur during the preparation of the food, which may account for the short interval
. between ingestion and the appearance of signs of poisoning in some accidents (Lasch
and El Shawa. 1981).
It has also becn sbown in humans thal a substantial part of the ingestcd linamarin is
absorbed aad excreted intacl in the utine (Brimce and Rosling 1993). Its toxic role
temains speculative but one is certain that the cyanide libeiated fiom linamaiin is the
ptimary causc of loxicity in cassavh. When linamarin comes into contact with ils
bydrolytic enzymc. linamacse, the molecule is split into glucose and ils aglycone.
acctone cyanohydiin. The latter can be further degiaded by another enzyme or
sponianeously under alkaline conditions to forin hydrogen eyanide and glucose. Thus if
the 1esidual linamarin and its breakdown products are not removed during food
processing, they may be cctaoned in the foodstufl. It is believed that in humans
linarmann con be broken down by linamarase found tn the bactena that reside in the
nlesunal tack resulting in release of hydrogen cyanidc. Fortunately, humans can
readily neutzalize aboul 10 mg of cyanide by a reversible reacuon with methemoglobin
{raction in the red blood cells (Lundquist es al., 1985). Rhodanese can further convert
majority of the cyanidc (o less toxic thiocyanate, which is then excreted in the urine,

The principal features of the toxicity prolile for cyanide are its high acute toxicity by all
routes of administratjon, with a very sieep and mte-dcpendent dose—¢fYect curve, and
chronic toxicity, probehly mediated through the main mctabolite and detoxification

producl, thiocyanate. The toxic cllects of cyanide ion in humans and animalsi are
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generally similar and are believed to result from inactivation of cytochrome oxidase and
_inhibition of cellular respiration and consequent histotoxic anoxin. The primary targets
of cyanide toxicity in humans and animals arc the cardiovascular, respiratory, and
| central nervous systems. The endocrine sysiem is also a potential target for Jong-term
toxicity, as a function of continued cxposure to thiocyanate, which prevents the uptnke

of iodine in the thyroid and ncts as a goitrogenic agent.

.h In humans, whereas slight cffects occur at exposure levels of 20-40 mg/m’, 50-60
* mg/m’ can be tolerated without immcdiate or late effccts for 20 min to § h, 120-150
' mg/m’ may lead to death afer 0.5-1 h. 150 mg/m’ is likely to be fatal within 30 min.
" 200 mg/m’ is likely fatal aficr 10 min, and 300 mg/m’ is immediatcly fatal. The lowest
. reporied oral Icthal dose for humans is 0.54-mg/kg-body weight, and the avelage
absortbed dosc at the time of death has been cstimated at |.4-mg/kg body weight
(calculated as hydrogen cyanide). Sequclac afler severe acute intoxications may include
nexropsychiatric manifcstations and Parkinson-type discase. Cyanide from tobacco
smoke has been implicated as a contributing factor in tobacco-alcohol amblyopia.

Long-term exposuie to lower concentrations of cyanide in occupational sctlings can
result in a varicty of symptoms related to ccntral nervous system etfects,

Long-term consumption of cassava containing high levels of cyanogenic glycosides has

becn associated with tropical ataxic neusopathy, spastic parapaiesis, and, in asreas with

low todine intake, development of hypothyroidism. goitre, and cretinism ( WHO. 2004).

Whtle exposure to cyanidc has been crudely estimated to be 15-50 mg/day in cndemic

areas in some such cascs, owing to the limitations of daln on exposure and potcniiat
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impact of confounders such as malnutrition, low protein content of the diet. vilamin
dcficiencies, and iodine status, the available data do not provide meaningful information
on dose-response for cynnidc (WHO, 2004). Data on end-poinis other than acute
toxicity are somewtwt limited, This is attributable in large pait to dilliculties in
conducling. for example, invesugations of repeatcd-dose or chronic toxicity due to the
high acute toxicity of the compound. Cyonides are weakly imitating to the skin and eye;
data on sewsitizing propertics or carcinogenicity of hydrogen cyanidc or its alkali saks
have not been identified. Although somewhat limited, the weight of evidencc of
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“available dota indicates that cyanide is not genotoxic and that it induces devclopmental
'cIch(s only at doses or concentrations that arc overtly toxic o the mothers (WHO,
2004). Available data in human populations are consideted inadequatc as o basis for

characicrization of dose-response for chronic ingestion of cyanide.

in a 13-weck repeated-dose toxicity study in which cyanide was adminstered in

drinking-water. there were no clinical signs associated with ceniral nervous system
cffects or histopathological effects in the brain or thyroid of rals or mice exposed (o0
doscs up to 12.5 mg and 26 mg cyanide/kg body’ weight per day. respectivcly. At 12.5
mg cyanide/kg body weight per day, thete were slight changes in the reprotiuctive tract
* in male rats, which, although they appercnily would not aflect feetility in tats, are
I' possibly significant to humans. The no.observed-adversecllcct level (NOAEL) for

these eflccts was 4.5-mg/kg body weight per day (WHO, 2004). The examination of
" neuroloxieity in this study was limited lo clinical observaltion and optical microseopy in

aulopsy. The few available studies specifically intended 1o investigate neurotoxicity,

while reponing adverse effeets at exposurc {evels of 1.2 mg cyanide/kg body weight per

day in rals and 048 mg cyanide/kg body weight per day in goats. sufler from f ;
weaknesses that preclude (beir guantitative assessment (WHO, 2004).
In relation to characletization of concentration-response for repeatcd-dose loxicity for L

inhalation (relevant principally 1o the occupational cnvironment). in thuce separale
studies in rats, there were no adverse sysiemic eflects in rats exposcd 10 acetone
cy anohydnn, which is rapidly hydrolysed 1o hydrogen cyanide at physiological pH. at
coocentrations up to 21| mgfm3 {coresponding 10 a concentration of 67 mg hydrogen
cyaniddm’) (WHO, 2004). The steepness of the dosc—eflect curve is illustraled by the
observation of 30% monalily among rais cxposcd pan of the day 10 225 mg acelone
cyaoobydsin/m’ {71 mg hydrogen cyanide/m’). Adverse effects of exposure 1o the low
concenlrations of cyanide that arc gencrully present in the general environment (<1
ug/m" in ambient air, <10 pg/litre in woicr) arc ualikely. Acute cyanide intoxications
may anse from ealing opricot kemels, chokechcmes and other stonc fruit kemmels with
bigl concentrations of cyanogenic glycosides. Inadequnicly preparcd cassavm, when
constituling the major part of the diet, may be hazardous (WHO, 2004).
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2.6 Mectabolism and kinttics of cyanide in humans and cxperimental models

2.6.1 Absorption

tlydrogen cyanide and other cyanide salts, 1s readily' absorbed following inlalation,
oial. and dermal exposure. Following cxposurc lo cyanide in thc atmosphere, toxic
amounts of cyanide arc absorbed with great rapidity through the bronchial mucosa and
alveoli (ATSDR, 1997). lfumans retained 58% of the hydrogen cyanide in the lungs
after inhaling the gas through normat breathing (ATSDR, 1997; |.andahl and |lemnann,
1950). Alkali metal cyanides arc ropidly absorbed from the gasicointestinal tract. The
presence of food in the gut, the pll of the gut, and the lipid solubility of the cyanide

. compound sffect absotption. Gasirointestinal absorption of inorganic cyanide salls is

. slower thon pulmonary absorption, and the onsel of symptoms is delayed and the

sevenity of symptoms diminished compaied withinhalation (W}10, 2004). When simple
cyanide salts such as potassium and sodium cyanide are ingesied. free cyanide ion can
rapidly bind hydrogen ion (o form hydrogen cyanide in the highiy acidic medium of the
stomach. Essentially all cyanide ingested as cyanide salts will form hydrogen cyanide
and will be quickly absorbed. However, aftcr oral intake, only patt of the dose reaches
the blood due 10 first-pass metabolism by the liver (ECETOC., 2004). Cyanides arc well
absorbed via the gastrointestinal tract or skin and ropidly absorbed via the respiratory
tract Once absorbed. cyanide is mpidly and ubiquitously' distribuied throughout the
body, although the highest levels are typically found in the liver, lungs, blood. and
brain. There is no accumulation of cyanide in the blood or tissues following chronic or
repeated exposurc.

Liguid cyanide compounds are easily nbsorbed through intact skin upon direct contact
due 10 their lipid solubility and tapid cpidermal penetration, Skin absorption of vapours
of hydrogen cyanide is also possible when the air concentralions are high (WI10, 2003).
The amount and rale of absotption of cyanides from aqueous solutions or aimospheric
hydrogen cyanide depend upon the presence of moisiure in the skin, conceniration and
plt of the solution, Lhe surfoce area of conlact, ond the durotion of contact (Dugard.
[987). /n vitro studies with human skin have shown that penctration of sodium cyanide

in agucous solution through skin dccreases with increasing pll (increasing dissocietion),
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2.6 Mctabollsm and Kinclics of cyanide in humans and ¢aperimental models

2.6.1 Absorption

llydrogen cyonide and other cyanide salts, is 1eadily absorbed following inhalation,
oral, and dermal exposure. Following exposure to cyanidc in the atmosphere. toxic
amounts of cyanide are absorbed with great rapidity through the bronchial mucosa and
alveoli (ATSDR. 1997). Humans rctained 58% of the hydrogen cyanide in the lungs
r, oficr inhaling the gas through normal breathing (AT'SDR. 1997; Landahl and Hersmann,
TI 1950). Alkali metal cyanides are rapidly absorbed ftom the gastrointestinal tract. The
© piesence of food in the gut, the pH of the gut, and the lipid solubility of the cyanide
" compound alYect absorption. Gastrointestinal absorption of inorganic cyanide salts is
~ slower than pulmonary absorption, and the ons¢et of symptoms is delayed and the
severity of symptoms diminished compared with inhalation (WHO, 2004). When simple
cyanide salts such as polassium and sodium cyanide asc ingested, free cyanide ion can
rapidly biad hydrogen ion to form hydrogen cyanidc in the highly acidic medium of the
stomach. Essentially all cyanide ingesied as cyanide salts will fomm hydrogen cyanide
and will be quickly absorbed. Howcever, alicr oral intakc, only pan of the dose reaches
the blood due to lirst-pass mctabolism by the liver (ECETOC. 2004). Cyanides arc well
absorbed via the gastrointcstinal tract or skin and rapidly absorbed via the respimatory
tract. Once absorbed, cyanidc is mapidly and ubiquitously distributed throughout the
body. altbough the highest levels are typically found in the liver, lungs, blood. and
brain. There 15 no accumulation of cyanide in the blood or tissues following chronic or
repeated exposure,

Liquid cyanide compounds are casily absorbed through intact skin upon direct contact
due (0 their lipid solubility and rapid cpideimnal pencuralion. Skin absorption of vapours
of hydrogen cyanide is also possible when the air concenuations are high (WHO, 2004),
The amount and retc of absorption of cyanides from aqueous solutions or atmospheric
hydrogen cyanide depend upon the presence of moistare in the skin, concentration and
pl of the solution, the surface arca of contact, and the duration of contact {Dugand,
1987), /n vitro studies with human skin have shown that penctration of sodium ¢yzaide

in aqueous solution thiough skin decreases with increasing pll (increasing dissociation).
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ic/lecing the more rapid absoiplion of the un-dissociated hydrogen cyanide: The
penncability constant measured for the cyanide ion in aqucous solution was 3.5 x 10™

cm/h, and that calculaicd for hydrogen cyanide was | x 10~ cnvh (Dugard, 1987).

- 2.6.2 Distribution

T —
— e —
-

Hydrogen cyonide has a pK. of 9.22; thus, at physiological pH (about pH 7.4),
hydrocyanic acid is distributed in the body as hydrogen cyanide and is not present as the
frec cyanide ion. Hence. the fonn of cyanide to which exposure occurs, the salt or the
free acid. does not influcnce distribution, metabolism. or cxcretion from the body
(ECETOC, 2004). Inhaled or percutancously absorbed hydrogen cyanide passes
immedialely into thc systemic circulation. The distribution of cyanide to the various
tissues is 1apid and foirly uniform. Someswhat higher levels arc generally found in the
liver, lungs. blood, and brain. The tissuc levels of hydrogen cyanidc were 0.75, 0.42,
041, 0.33, and 0.32-mg/100 g of tissuc in lung, hean, blood. kidncy, and brain,
respeciacely, in a man who died following inhalation exposure to hydiogen cyanide gas
(Gettler and Baine, 1938; ATSDR, 1997: Ballantyne, 198); ECETOC, 2004). In

conliast, high propoitions of ingested sodium and potassium cyanide will pass through

the liver and arc dctoxificd by the tirst-pass eflect. The major portion of cyanide in

blood is sequesticred in the ciyrhrocyles, and a relatively small proportion is transported

via the plasma to target organs. Cyanide is concenlraled in red blood cells at a red blood

cell to plasma ratio of 199:1; lacls in plasma reflect Wissuc levels better than levels in

whole blood or crythrocytes. Small but significant levels of cyanide are found in pormal

blood plasma (<140 pg/litic) and other tissucs (<0.5 mg cyanide/kg) of humans without

known occupations| cyanide exposure (Feldsicin and Kicndshoj, 1954). These levels are

related mostly to exposure to cyanogenic food, vitamin By, and tobacco smoke. A

detoiled suncy of normal plasma cyanide levcls in 10 cases showed @ maximum level

of 106 pg/litre, with a mean of 48 pug/litre (Fcldstein and Klendshoj, 1954), Aficr

cessabion of exposure. plasma cyanidc levcls tend to retum o nonnal within 4-8 h

(Feldstein and Klendshoj, 1954; Anscll and Lewns, 1970)
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reflecting the more rapid absorplion of the un-dissociated hydrogen cyanide, fhe
peameability constant measuied for the cyanide ion in aqucous solution was 3.5 x 10~

cm'h, and that calculated for hydrogen cyanide was 1 x 107! em/h (Dugard. 1987).

2.6.2 Distribution
| Hydrogen eyanide has a pK. of 9.22; thus, at physiological pli (about pH 7.4),
hydrocyanic acid is distribuicd in the body as hydrogen cyanide and is not present as the

{ree cyanide 1on. Hence. the form of cyanide to which exposure occurs, the salt or the

I frec acid. docs not influence disteibution. metabolism. or excrction from the body
(ECETOC, 2004). Inhaled or pecrcutancously absotbed hydrogen cyanide passcs

" immcdiatcly into the systemic circulation. The distribution of cyanidc to the various
tssucs ts rapid and fairly uniform, Somcwhat higher levels are gencrally found in the
liver, lungs. blood. and brain, The lissue levels of hydrogen cysnidc were 0.75, 0.42,
0.41, 0.33, and 0.32-mg/100 g of tissue in lung, heart, blood. kidney. and brain,
respeclively. in a man who died following inhalation cxposuse to hydrogen cyanide gas
(Gentler and Bainc. 1938; ATSDR. 1997: Ballantyne, 1983; ECETOC, 2004). In
cootrast. high pioportions of ingested sodium and powassium cyanide will pass through
the liver and arc dctoxified by the {irstpass cfleci. The major portion of cyanidc in
blood 1s sequestcred in the ciythrocytes, and a relatively small proportion is transporied
via the plasma to tasgct organs. Cyanide is concentrated in red blood cells at a ccd blood
cell 10 plasma rauo of 199:1; levels in plasma rcllect tissue levels betier than levels in
whole blood or erythrocytes. Small but significant lcvels of cyanide are found in normal
blood plasma (<140 pg/liire) and other tissues (<0.5 mg cyanide/kg) of humans without
known occupational cyanide cxposure (Fcldstcin and Klendshoj, 1954). These levels are
related moslly (o exposure to cyanogenic food, vitamin B);. and lobacco smoke. A
detatled survey of normal plasma cyanide Icvcls in |0 eases showed 8 maximum level
of 106 ug/litre, with o mean of 48 ngflitre (Feldstein and Klcndshoj, 1954), After

cessalion of exposurc, plasma cyanide lcvels tend to retum 10 normal within -8 h

(Feldstein and Klcndshoj, 1954; Anscll and |.cwis, 1970)
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" In rats doscd by gavage. highest concentrations of cyanide svere found in the liver,
| followed by the lungs and blood (Yamamoto, 1990). After inhalation cxposurc, the
highest concentrations of cyanide in rats were found in the fungs, followed by the blood
and liver. There is a cumulative cflcct of cxposure (0 thiocyanatc (from the brcakdown
of cyanogenie glycosides in food plants), resulting in thyroid toxicity, including goiter
and crctioism (Nahrstedt, 1993). A numbcr of illustrative levels of cyanide in organs
and blood afler oia! intake in humans (Ansell and Lewis, 1970: ATSDR. 1997) and

* rabbits (Ballantyne. 1983) have been repoited. For a given exposure routc, whole blood

and scrum cyanide levels are quite similar for diflcrent species (Ballantyne. 1983).

2.6.3 Metabolism and Excrction
Although cyanide can interact with subsiances such as methaemoglobin in the

bloodssam, the majonity of cyanide metabolism occurs within the tissues. Cyanide is
mectabolized in mammalian systems by one major route and several minor routes. The
major route of metabolism for hydrogen cyanide and cysnides i's detoxification in the
liver by the mitochondrial enzyme rhodanese, which catalyses the transfer of the sulfane
sulfur of thiosulfate to (he cyanide ion to form thiocyanate (Figute 3) (Williams, 1959;
Ansell and Lewis, 1970). This routc detoxifies about 80%a of cyanide. The rate-limiling
sicp is the amount of thiosulfaic. While rhodanese is present in the mitochondria of all
tissues, the species and tissue distributions of rhodanese arc highly variable. In general,
the highest concentrations of rhodanese ore found in the liver, kidney, brain, and
muscle, but the supply of thiosulloic is limited (Aminlan er al,, 1994). Rhodanese is
present in raf nasal mucosal tissues, pasticularly in the olfactory region, at & 7-fold
higher concenwration {on a per milligram of mitochondnal protein basis) than in the
liver (ATSDR, 1997). Dogs have n lower overall activity of rhodanese than monkeys,

rats, and rabbits (ATSDR, 1997)
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In rats dosed by gavagc, highest concentrations of cyanide were found in the liver,
foliowed by the lungs and blood (Yamwnoto. 1990). After inhalation exposure, the
highest concentrations of cyanide in rats were found in the lungs, followcd by the blood
and liver. There is a cumulative effect of exposure 1o thiocyanate (from the breakdown
of cyanogcnic glycosidcs in food plants), resulting in thyroid toxicity, including goiter
and cretinism (Nahrstedt, 1993). A number of illustrative levels of cyanide in organs
ond blood aftcr oral intake in humans (Anscll and Lcwis, 1970; ATSDR, 1997) and
rabbils (Ballantyne, 1983) have been reported. For o given exposure route, whole bloed

and serum cyanide levels are quite similar for diffcrent species (Ballantync, 1983).

- 2.6.3 Mclabolism and Excrelion

Although cyanide can intcract with substances such as mcthacmoglobin in the
bloodstseam, the majority of cyanide metabolism occurs within the tissucs. Cyanide is
mctabolized in mammalian systems by one major route and several minor roules. The
major soute of metabolism (or hydrogen cyanide and cyanides is dctoxification in the
liver by the mitochondrial cnzyme rhodanese, which catalyses the transfcr of the sulfanc
sulfur of thiosul(ate to the cyanide ion o form thiocyanate (Figure 3) (Williams, 1959
Ansell and Lewis, 1970). This route dcloxifics about 80% o cyanide. The 1ate-limiting
step is the amount of thiosulfate. Whilc rhodanese is piesent in the mitochondria of all
tissues, the species and lissue disinbutions of thodancsc are highly variable. In gencral,
the highest concentrutions of rhodancse are found in the liver, kidney., brain. and
muscle, but the supply of thiosulfatc is limited (Aminlari e¢ al., 1994). Rhodancse is
present in 1at nassl mucosal tissues, particularly in the olfactory rcgion, at a 7.fold
higher concentration (on a per milligram of milochondrial protein basis) tan in the
liver (ATSDR. 1997). Doys hove a lower ovcrall activity of thodanese than monkeys,

rals, aid rabbits (ATSDR. 1997)
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A number of other sulfus transferases can nlso metabolize cyanide, and albumin, which
camies elcmental sulfur in the body in the sulfanc form. can assist in the catalysis of
cysnide 10 thiocysnate as well (Sylvester ¢f af., 1983; Wcsilcy ef af., 1983). Cyanide
and thiocyanate can also he melabolized by several minor routes. including the
combinatton of cyanide with hydroxycobalamin (vitamin Bi28) o yield cyanocobalamio
(vitomin B,3) (Boxer and Rickards. 1952) and the non-enzymatic combination of
cyanide with cystinc, forming 2-iminothiazolinc-4-carboxylic acid, which appears lo be
excretcd without furthcr change.

In studies with rats orally administered potassium cyanide and maintained for up to 4
wceks on either a balanced diet or a diet lacking the sulfur amino acids L-cystine and L-
mcthionine, a strongly positive linear relationship was found bctwcen blood cyanide
and plasma cy anate (OCIN") concentration (Tor-Agbidye ¢f al.. 1999). It was suggested
tha: in Afixca. whete there are protein-delicient populations sshosc levels of sulfur-
conlaining omino acids are low, cyanide (from prolonged use of cassava) maoy
conceivably be converted to cyanate, which is known lo couse ncurodcgcacrteve
discase in humans ard animals.

While absorbed cyanide is principally excreted as thiocyanate in the unne, traces of fiee
hydrogen cyanide may also be excrcled unchanged in the lungs, saliva, sweal. or urine
(Hartung. 1982), as carbon dioxide in expired air, or as deta-thiocyanoalanine in saliva
and sweal (Friedberg and Schwartzkopfl, 1969: Haiung. 1982; JECFA. 1993).
Thiocyanate was found in the urine of non-exposed people at average concentralions of
2.16-mg/litre urine for non-smokets and 3.2-mg/litre urine for smokers (Chandsa ¢t al.,
1980). Urinary cxcretion of thiocyanate was monitored in 8 man afler ingestion of about
3-5 g poassium cyanide (15-25 mg cyanide/kg body weight) (Liebowit2 and Schwastz,
1948, ATSDR, 1997). The resulis indicated that the patient excreted 237 mg of
thiocyanale over 8 72-h period. This quanuity was substantially more than the normal
average amouni o fthiocyanate in urine, which varies from 0.85 to 14 mg/24 h (ATSDR.
1997).

The limittng factor m cyanide inctabolism i1s the low concentration of the sulfur-
containing substrates in the body — pimanly thiosulfate, but also cystine snd cysteine.

The rate of spontancous detoxilication of cyantde in humans is about | pg/kg body
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veight per minute (Schultz and Roth, 1982). which is considerably slower than in small
odents (Schubert and Brill, 1968) or dogs (Lawrencc, 1947).

2.7 Potential health effects in humans

2.7.1 Effects el short-lerm (Acule) exposure

Inhalation:

Potassium cyanidc is a solid, which docs not fonm @ vapour al room lemperalure.

* However, inhalation to potassium cyanide can occur following cxposure to the dust and

to mists or vapours [rom hcaled or misted solutions. In general, dusts or mists can be
vety itritating to the nose and throat. More importantly, polassium cyanide releases
hydrogen cysnide when combined with water or acid. llydiogen cyonide is an
extremely toxic gas, which causes death at very low concentrations, It is a mpidly
absorbed and fast-acting poison. which poses a very serious inhalation hazard. The
adour threshold of hydrogen cyanide is veiy low (0.6-4.5 ppm). but it does not provide
o relinble waming of exposure. Some people (up to 20% of the population} ase unable to
smcll cyanide. even at highly toxic concentrations {ATSDR, 1997). The carly symploms
of cyanide poisoning may include anxiety and excilement, weakness, headachc, nausea,
vomiting, metallic taste. chest tightness, facial flushing, drowsiness, dizziness, irvitation
of the cyes, nose and throot, rapid breathing, o risc in blood pressute and a decreasc in
pulse. Laboured breathing, falling blood pressure, tapid, wedk imegular heartbeat,
voconsciousness. and convulsions [ollow these symptoms. In severe cases,
cardiovascular collopse, shock, and fluid accumulation in the lungs (pulmonary edema)
&re followed by death. With massive doses, many of the signs and symploms may not

be seen, and there is a rapid onsel of poisoning with convulsions, collapse and death

(Ballantync, 1974).

A chajacteristic sign of cyanide poisoning is the bnight red colour of blood, which may
resull in red skin colour (Gossclin e/ af., 1984), There are many repoits of cyvanide
poisoning from accidental, suicidal and homicidal €xposure o HCN or us salis (most

commonly pofassium or sodium cyanide). The mojority of people who survive shon-
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|
tenn cyanide poisoning do not hove long.lasting effects. iiowever, depending on the

dcgree of exposurc, there may be enduring effects from fow oxygen. including impaired

mcmoty and mathematical abilities, personality chonges, and altercd control and

I* coordination of movement (i{all and Rumack. 1986).
Skin Contact:

" Potassium cyanide is vcry toxic il absorbed through the skin. Skin contact with
powssium cyanide solutions can causc symptoms similar 10 those described under
"Inhalation” above. Potassiutn cyanide solutions nrc cxpected to be cotrosive. based on
pH. Corrosive materials can cause severe skin bumns witi blistering. pennanent scarring
and. in scvere cases, death. No conclusions can be drowan from a case repon that
describes an elcctroplater and mctal worker who developed a unique ncuro- behaviousal
disorder, diagnosed as an acute psychosis, following a significant shon-tcrm exposure
to cyanide. {He was splashed in the face by an unspecified cyanide compound.) This
person also had signilicant long-tcrm exposure to several metals, organic solvents and

electroplating chemicals (Kales cz. ai.. 1997).

Eye Contact:

Potassium cyanide is vety toxic il absorbed through the eye. Eye contact can couse

symptoms as described undcr "Inhaolation™ above. Potassium cyanide solutions arc
expected to be corrosive, bascd on pll. Cotrosive matcrials can cause very severc cye

iffitation and, in some cases, pcrmanent damage to vision, including blindness.

Ingcstion:

Potassium cyanide is vety toxic il ingested. It is ropidly absotbed through the digestive
act resulting in symptoms as described under "inhalation® above. Immcdiately
following ingestion, a bitter, acrid, buming tasie may be noted. followed by constriction
of numbness in the tvoat. There is ropid ventilahon and shonness of breath. the
stomach Jining is irritaled and nausca and vomiting may occur. Then unconsciousness,
convulsions, muscular contraction of the jaw, rapid and iegular pulse, gasping,
panalysis and deoth may occur (Basu, 1983). In humans, the average lethal dose of
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hydrogen cyanidc is cstimatcd to be 60.90 mg (Gosselin er. «l., 1984). A few cases of
Parkinsonism (@ syndroine characlerized by decreased mobility, muscular rigidity. and
tremor) have been reported in survivors of acute eyanide poisoning. All case reporis
involved non occupational exposure 10 high oral doses (where specificd) (Gosselin e,
al.. 1984). Ingestion is not a typical roule for occupationat exposure. I the hydrogen
cyanide cxceeds the limit on individusl is able to dcloxify/tolcratc. death may occur due
to cyamde poisoning. The acule oral Icthal dose of hydrogen cyanide for human beings
is reported 10 be 0.5-3.5 mg/kg bodywecight. Approximately 50-60 mg of firce cyanide
fiom cassava and its processed products conslitutes a lethal dose for an adult man. Data
an the oral lethat dose of cyanide for man in four cases of suicide, calculated from the
amount of hydrogen cyanidc absorbed in the body at the time of death, and from the
amount of hydrogen cyanide found in the digestive tract, diftered considerably and
corresponded 1o doses of 0.58-22 mp/kg body weight (\WHO. 2004).

Although acutc cassava poisoning somctimes lcading to the death of whole lamilies has
been occasionally reported afler the consumplion of inadequaicly processed cassava
(Osuniokun, 1981; ClifY and Countinlio. 1993).
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Figure 2.4: Cyanide toxicity pathways
Baskin er. af. 1998

Cyanide con affect many functions in the body, including the vascular, visual,
pulmonary, central nervous, canliac. autonomic, cndocrine, and metabolic systems. The

loxico-dynamic eflects can vy depending on the dose, joule and speed of
administration, chemical form of the cyanidc, and other factors including the gender,
sge, weight, stiess level, and gencral physical condition of the recipient (Baskin et ai.

1998). Proceceding clockwise from the top of the diagram: Vascular effects for cyanide
can include an initiol tansient increuse, followed by a decrease. in cardiac output.
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lood pressure falls as the cardiac inotropic cffect decrcases and as vasodilation occurs.
Visual eftects can include a decrease in the capacity to focus, with late-onsct mydriasis
scondary 1o hypoxia. Onc of the first pulmonaiy cffects from cyanide is a respiritory
gasp, which is caused by stimulation of chemoreccptor bodies ncar the aortic
bifurcation. Ilypcrventilation follows this response. Over time (the response is dosc-
" dependent, but seconds to miinuics), the frequency and depth of breathing diminish.
F Central ncrvous system cffects initially manifest as decreased awareness and increased

. release of enkephalins followed by loss of consciousness and convulsions (Baskin ¢r.

al.. 1998). Cardiac cftects afler cyanide exposure ase an increase in heart rate. then 3

decrease; both are accompanied by arrhythmias and negative inotropy. Cyanide

produces a number of autonomic nervous system cftects, based on the route and dose of

the agent. Cyanide can also produce multiple cndocrine effects including cpinephrine

and bistaminc rclcase, and metabolic actions that decrcase encrgy production by the

inhibition of the use of cytochrome oxidase.

PCr: phosphocreatine

ATP: adenosinc trrphosphate

C.0.: cardiac output

2.7.2 Eftccts of long-term (Chronic) cxposure

Seveial human population studies have cvalusted the potential health effects of long-
levm cyanide exposure. In gencral, these studies are limited by factors such as the smail
number of cmployees evalunted and the possibility of concuirent exposure to other
potentially haymful chemicals (particularly in the clectroplating industsy). in addition,
fcw studics repoit reliable measurements of cyanide cxposures and even when aisborne
concenlrations are scported, exposure may also have occurred by skin absoiption.
Despite these limitations, the available evidence suggests that long-term occupational
cyanide exposure may be 8ssociaicd with harmful eftects in the thyroid gland and the
nervous system. Long-lerm exposure to cyanide also occuss from smoking, ¢ating foods

conlaining cyanogenic glycosides, and infection with cyanide-producing bacicna

(Wilson, 1987).
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Blood pressure lalls as the candiac inotropic cffect decreases and as vasodilation occurs.

Visual cllects can include a decrease in the capacity to focus, with laic-onset mydriasis

secondaty lo hypoxia. One of the first pulmonary cffects from cyonide is a respiratoty

gasp. which is caused by stimulation of chemoreceplor bodies near thc aortic

bifurcation. Hyperventilation follows this response. Qver lime (the response is dose-

dcpendent. but scconds lo minutcs), the frequency and depth of breathing diminish-
Centra} nervous system cflects initially manifest as decseascd awareness and increased

release of cnkcephalins followed by loss of consciousness and convulsions (Baskin ¢,

al.. 1998). Cardiac cflects alter cyanide exposure are an inciease in heart jate, then a
decrease; both are accompanied by arrthythmias and negative inotropy. Cyanide
produces a number o f autonomic nervous system cflects, based on the route and dose of
the agent. Cyanide can also produce multiple endoctine effeets including cpinephrine
and histamine telease. and metabolic actions that decrease energy production by the
inhibition of the use of ¢ytochtome oxidase.

PCr: phosphocreatine

ATP: adcnosinc triphosphate

C.0.: cardiac oulput
2.7.2 Effects of long-term (Chronic) cxposure

Seveial human population studies have cvuluated the potential health effects of long-
tetm cyanide exposure. In gencral, these studies arc limited by factors such as the small
number of employees cvoluated and the possibility of concurrent exposure 1o other
polenually hannful chemicals (particulasly in the clectroplating industry). In addition.
few studies repart ieliable measurements of cyanidc exposures and even when nirbonie
eoncentrations are reporied, exposure may also have occumred by skin absotption
Despile these limitatjons, the availablc cvidence suggests that long-lerm occupational
cyanide exposure mmay be associated with harmful effects in the thyroid gland and the
ncrvous system. Long-lesm exposure lo cyanide also occurs [rom smoking, cating foods

eontaining cyanogenic glycosides, and infeclion with cyamdc-producing bacteria

(Wilson, 1987).
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Nenous System:

Limited information suggests that long-tenn exposure 10 cyanides may be associated
with harmful eflects on the nervous system. Sonic of the symptoms obsceved drc non-
specilic (¢.B. hcadachces) and coutd be associated with many causcs. Neverthcless. there
does scem to be an assaciation between some nervous system symptoms and cyanide
exposure. Thirty-six male. non-smoking employces were exposed for 5-15 years 104.2-
12.4 ppm cyanidc [tom clectroplating baths containing sodium and copper cyanide.
~ Nervous systein Symploms Were, in order of fiequency, headache. weakness, changes in
wste ond smell, visual difEcultics, and nervous insiability. Two employccs experienced
psychotic cpisodes, which they recovered from within 36-48 hours following removal
from the arca of cxposure (EI Ghawubi er. af.. 1975). Fifty-six malc employccs were
exposcd 10 hydrogen cyanide (concentrations nol reported) whilc cngaged in case
hardcning and clectroplating for 2-20 ycars. A signilicant increase in impairment of
memory. visunl ability, visual [caming end psychomotor ability was observed in
exposed employccs. compared to 34 matched controls, Headaches were more requently

icported in exposed workers (Kumar cf. al., 1991).

Thinty-six employees were cxposed 0 hydrogen and sodium cyanidc in a silver-
reclaiming factory by inhalation (15 ppm, 24-hour average concentiation), skin contact
and possibly oral exposure. An employce died of acute cyanide poisoning and the plant
was closed for 7 months befoie the study was catied out. An overall exposure index
was calculated based on job catcgory, frequency of handling cyanide and ingesting food
or drink in the production arcas. Ncrvous systcm symptoms. which had a signilicant
positive correlation with exposure, were numbncss or tingling (paresthesia) of the
extremitics, easy fatiguc and a symptom complcx including headache, dizziness, and
fainting (Blanc et al., 1985). Neuropathics in people living in tropical areas wath a dict
high in cassava, 3 root nch in ¢y anogenic glycosides, have previously been attributed to
cyonide.( ATSDR. 1997) However, this dict is also high in scopoletin, a coumann
compound, which is believed to be respousible for somc of the ncurotoxic cifecys

(Obidoa and Obasi, 1991).
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Lungs/Respiratory Systein:

Two limited studies suggest that long-term cyanide exposure may be associatcd With
labored breathing. An increased incidence of effort-induced, labourcci breathing was
observed in 36 male, non.smoking employecs exposed for 5-15 years to 4.2-12.4 ppm
cyanide from electroplating baths containing sodium and copper cyanide (El Ghawabi
et al., 1975). An association between laboured breathing and cyanide exposure Was 081s0
obscrved in 36 employees exposed (0 hydrogen and sodium cyanide in a silver-
teclaiming faciory, by inhalotion (15 ppm. 24-hour average concentration), skin contact
and possibly oral exposure. An employee lwd died of acute cyanide poisoning and the
plant was closed for 7 months before the study was caried oul. An overall exposure
index was calculated based on job colegory, frequency of handling cyanide ond

ingesting food or drink in the production areas (Blanc ¢/ of., 1985).

Skin:

An association between development of a skin rash and cyanide exposure was also
obcerved in 36 employees exposed lo hydrogen and sodium cyanide in a silver-
reclaiming factory, by inhalation (15 ppm, 24-hour average concentration), skin contacl
and possibly oral exposure. An employee had died of acute cyanide poisoning and the
plaot was closed for 7 months before the study was caizied out (Blanc ¢t al.. 1985).

Digestive System:
An pcreased incidence of nausca and/or vomiting was reporied in two studies that
evdluated employees with long-tetm exposure 1o cyanide con¢entiations up to 15 ppm

(with possble concuirent ingestion and skin contact) (El Ghawabi et al-. 1975).

Eyes/Vislon:

Eye initation was reported in 3 limited studies involving electioplating workers.
Exposures, when spectlied, ranged (rom 4.2-15 ppm cyanide (Kumar et al, 1991).
However, it 1s not possible o drmw any specifie conclusions about the eyc initation
potential of long-tenn cyanide exposure, because electroplating workers are exposed 10
many chemicals (hat are imigting to  the eyes (AISDR, 1997).
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Degeneration of the optic nerve and part of the retina (the macula) is found in people
living in tropica) arcas with a diet high in cassava, a root tich in cyanogenic glycosides
(Wilson, 1987). [n some cases, these cilccts have been atuributed 1o cyanide exposure
(ATSDR, 1997). However. this dict is also high in scopolelin, a coumarin compound,
which is believed to be responsible for some of these eftects (Obidoa and Obast. 199t .)

Blood/Blood Forming System:

There is very limited information that long-term exposure 1o cyanide is associated with
hanmful eflects on the blood. Blood chemistry changes (increased wbite blood cells and
red blood cell sedimentation rate, and decreased hemoglobin level) was observed in 34
employces exposed to unspecilicd concentmiions of hydrogen cyanide, wbilc cngaged
in case hardening and clectioplating for 2-20 years (Kumar ef al., 1991) Swiistical
analysis of the results was not conducted. Blood chemisuy changes (increased
hemoglobin and Jymphocyte counts and red blood cell damage) were observed in 36
tale, non-smoking employees exposed for 5-15 years to 4.2-12.4 ppm cyanide during
electioplating operations (El Ghawabi ¢t al.. 1975). However, exposure 1o copper, an
agent koown to have toxic effects on blood also oecurred. Changes in whitc blood cell
enzyme activity were noted in 43 employces cxposed lo an average concentration of
0.23 ppm hydiogen cyanide for 0.25-16 years (average 5.4 years) dwing metal coating
opxrations (Dincacet al.. 1972).

Endocrine System:

Evidence from human and animal studics indicates that long-tesm exposure to ¢yanide
can iesult in impaired thyroid function and cnlorgement of the thytoid (goiter).
Thiocyanate, the main metabolite of cyanide, is believed to cause these effects by
inhibiting the uptake of iodine by the thyroid (Bancfjce et al, 1997)
Findings consistent with impaired thyroid function were observed in 35 Inale
employees, all non-smokers, who were exposed to cyomude salts for ot cast § years,
While working with an clectroplaling process. Cyanide concentrations weie not reported
(Bancrjee et af., 1997). Mild to moderate thyroid enlargement was observed wn 20036
make clectplatmg workers, who weve exposed 1o 4.2-12.4 ppm cyanide for 5-15 ycars
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Afcasurement of radioactivc iodinc upiake showed a signilicantly higher iodine uptake
in the exposed workcrs than for the control group (El Gliawabi et «f., 1975). The health
of 36 cmployecs cxposed 1o hydrogen and sodium cyonide in a silver.recloiming factory
was assesscd. Inhalation (15 ppm, 24-hour average concentration). skin contact and
possibly oral exposurc had occurved. An employee died of acute cyanide poisoning and
i the plant was closcd for 7 months before the study was cainicg out. An overall exposure
" index was calculated bosed on job category. fiequency of handling cyanide and
ingesting food or drink in the pioduction areas. In tests done 7-30 months after the last

- exposure, the thyroid-stimulating hontnone was sigoificantly higher in high exposuie
index employees, compared b the mean laboratoty conttol value. [lowevcer, thyroxine
jevels were normal and no 1hyroid enlargement was found (Blanc ef al.. 1985). Limited
animal information suggests that long-tcrm exposure to cyanide compounds may haim

the thyroid gland.

Carcinogcnicity:

There s no human or animal information available. The Intemational Agency for
Rexcacch on Concer ([ARC) has not evaluated the carcinogenicity of this chemical. The
American Confercnce of Governmenial Industrial Hygicnists (ACGIH) has not assigned
a carcinogenicity designation to this chemical. The US National Toxicology Program

(NTP) has not listed this chemicol in its rcport on carcinogens.

Teratogenicity and Embryotoxicity:

There is no human information availabic, The limited animal information available

Suggests thal potassium cyanide is not a developmental toxin-

Reproductive Toxlcity:
There is no human infortnation available. tn an animal study. changes suggestive of

reproductive cffects were observed in fis and mice. However. ferulity was not

cvaluated.
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Mulagenicity:
There is no human information available. The available evidence docs not indicate that

polassium cyantde is mutagenic. Two 1ests using live mice were negative. Both POsitive

and pegative results bave been obtained in shor-term tests using mawnalian cells and
hactcria.

Toxicologically Syncrgistic Materials:

Co-exposure to hydrogen cyanide and 5% carbon dioxide (not Icthal by itsclf) resulted
in an inciease in the Icthality of hydrogen cyanide (ATSDR. 1997). Oral prec-Ueatment
of puinca pigs with ascorbate cnhanced the toxic effects of oral administration of
potassium cyanide. It was suggested that the ascorbaic intcrfcred with the reaction lo
deoxify cyanide (Basu, 1983).

Potential for Accumulation:

Cyanide docs not accumulatc. The most impottant roulc for dctoxification is by o
mitochondrial ecnzyme. rhodancsc. which adds sulfur to the cyanide ion to form
thiocyanate. Thiocynnalc is less toxic. and is cxcreted in the urine (Basu. 1983).This
cnzyme is widely distributed in the tissucs, but has its greatest activity in the liver. The
body has a largc capacity to detoxify cyanide but the rcaction is dependent on an
adequate supply of sulfur (Gossclin e of., 1984). The maximum dctoxilication rate for
humans is 0.6.0.9 micrograms/kg body weight/minutc, which is considerably lower
than for lab rodents or dogs. Mosl absorbed cyanide is cxcreted in the usine as
thiocyanate, but small amounts arc climinated in cxhaled air and unne as hydrogen
cyanide, carbon dioxide and other mectabolic pioducts. The average half time for
excretion of thiocyanate has been reported 10 be 2.7 days in hcalthy volunicers
(Gosselin er al., 1984).

2.7.3 Long-term studies and cyanide discases
Konzo

‘Konzo' 1s a local Zaiiean tegm for o disease firsy descnbed in 1938 in the Democratic

Republic of Congo (formally Zaire), bul has niso been observed 1n Mozanbique,
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Tonzania, Central African Republic and Cameroon (Minisyy of Health, MozambiQue.
1984; Lantrum er al, 1988; Howlett e/ ai., 1990; Tylleskar et al., 1992), Konzo 1s an
upper motor neuron discase charactcrised by imreversible but non-progressive symmetric
spastic paraparesis that hos an abrupt onset. 1t mostly affects childrien and women of
childbeating agc- Scevere cases have a spaslic toc.scissor gait or patients wiil not be able
| 1o waik at all, and the arms and speech may also be affected. A long-term follow-up of
konzo paticnts showed that lhe ncurological signs in konzo paticnts remaiocd constant:
however, functional improvement may occur (CHIY ¢ of. 1997). ligh urinary
thiocyanatc conccotrations and presence of ankic clonus are also observed. In all reporis
of epidemics. konzo has been associated with high and sustained cyonogens intake al
sub-lethal concentrations (rom cassava or cassava flour in combination with a low

intake of sulphur amino actds.

Trapical alaxic ncuropathy (TAN)

TAN is uscd 10 describe scveral neurological syndromes astributed 10 1oxico-nutritional
causcs. The syndromes groupcd as TAN can differ widely in clinical presentation,
natutal history and responsc to trcatment. TAN has occurred mainly in Aftica,
ponicularly Nigeria. The main clinical fcatures of some of the syndromes hove
included: sore tongue, angular stomoalilis, skin desquamations. opticat atroplhy. neuro-
scnsory deafness and scnsory gait ataxia (Oluwete ¢f al, 2000). The cause is altributed
10 dictary cyanide exposurc from thc chronic monotonous consumption of foods
Processed from cassava. The onset of TAN is usunlly slow over months or years and the
mean oge of people atTecied by TAN is gieoter than 40 ycars. TAN alfects males and

females in all age groups cqually.

Goitre and cretinism
Studies in African countries such as Zairc have established that goitre and crelinism

due 1o lodine deficiency can be considcrmbly oggiovated by a continuous dietary

cyanide exposure from insufficiently processed casssva. This effect is caused by

thiocyanate, which is similor in size fo the jodinc molecule and interfeics with uptake of

iodine into the thysoid gland. High thiocyanate levels. which can occur ofter exposuce to
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cyanide {tom cassava. can only affect the gland when the iodine intake is bclow
100microgroms/day, which is regarded minimal for nonnal function, Populations with
very low iodinc and high thiocyanate level from consumption of cassava, show severe

endemic goitre, but thisdecrease with iodine supplementation (Rosling, 1988).

2.8 Kinclics of cynnide, health cffects, treatment of peisoning and antidoles in

human
2.8.1 Kinctics of cyanide and health cffects

Cyanide is produced in the human body and exhaled in extremely loww concentrations
with cach breath. 11 is acutely toxic 1o humans. Liquid or gascous Hydrogen cyanide and
alkah salts of cyanide can cnter the body through inhalation, ingestion or absorption
through the cyces aod skin. The rate of skin absorption is enhanced when the skin is cut,
abraided or moist; inhaled salts of cyanide arc readily dissolved and absorbed upon
conlact wilh moist mucous membruncs. The dosc-<ffect curve of the acute cflects in
humans is stcep. Whercas slight cflects occur at exposure (0 hydrogen cyantde Ievels of
20-40 mg/m’, 50-G0 mg/m’ can be tolerated without immediate or late eflects for 20
min 10 | h, 120-150 mg/m’ is dangerous to life and may lcad 1o death afier 0.5-1 h. 150
mg/m® is likely to be Falal within 30 min, 200 mg/m? is likely to be fatal aftes 10 min,
and 300 mg/m’ is imniediately fatal. 1t should be cmphasized that this represents crude

average cxposure cstimates, based on various studics (DECOS, 2002).

The cffects of acute cyanide exposurc are dominated by central nervous system and
Cardiovascular disturbances (ATSDR. 1993). Typical signs of acute cyanide poisoning
include tachypnoca, headache, and vertigo. lack of motor coordination, weak pulse,
Cardiac arrhythmias, vomiling, stupor, convulsions, and coma (Way, 1982; Ballantyne,
1983). pathological findings may include trachcal congestion with hacmogrhage,
ccicbial and pulmonaty ocdema, gastric crostons, and petechiac of the brain meminges
&nd pericardium (Way, 1982). Sequclac of severe acute cyanide exposure may also
include Parkinson-like syndiomes and cardiovascular signs of delayed posl-hypoxic

myocardial Icsions, as well as neuropsychiatric manifestations similar (o those seen with

48

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



post-hypoxic post-carbon monoxide encephalopathy (ATSDR. 1993). Dermal
absoiption of hydrogen cyanide is much slower than pulmonaty absotption, and the
amount and speed of absorption through human skin are dependent on the amount of
skin moisture and duration of skin contact. The toxicity of hydtogen cyanide to humans
is dependent on the nature of the exposure. Due to the variability of dose-tesponse
cfTects between individuals, the toxicity of a subslance is typically expressed as the
concentration or dose that is lethal to 50% of the exposed population (LC50 or LD50).
The LCS0 for gascous hydrogen cyanide is 100-300 pants per million. Inhalation of
cyanide in this range results in death within 10-60 minutes. with dcath coming more
quickly as the conccntration increases. Inhalation of 2000 part per million hydrogen
cyanide causes death within one minute. The LD50 for ingestion is 50-200 milligrams
or §-3 milligitams per kilogram of body weight, calculated as hydrogen cyanide. For
contact with unabradcd skin, the LD30 is 100 milligrams (as hydrogen cyanide) per
Kilogram of body wcight. An average LD value for dermal exposure of 100 mg/kg
body weigiit was estimated for humans (ATSDR. 1993). Although the time, dose and
manner of exposure may dilfer, the biochemicsl action of the cyanide is the same upon
entering the body. Once in the blood stream, ¢yanide forms a stable complex with a
fotm of cytochroine C oxidase, an enzyme that protnotes the transfer of electrons in the
mitochondiia of cells during the synthesis of ATP. Without proper cytochrome oxidase
function. cclls cannot utilize Ihe oxygen present in the blcod strcam, resulting in
cytotoxic hypoxia or cellular asphyxiation. The lack of available oxygen causes a shift
from aerobic to anacrobic mectabolism, leading to the accumulation of lactate in the
blood. The combined effect of the hypoxia and lactate acidosis is depressed in the
central nervous systcni that can rcsult in respiratory arrest and death. At higher lethal
concentrations, cyanide-poisoning also affects olher organs and system in the body

including the heart.

Initial symptoms of cyanide poisoning can o<cur fiom cxposure 1o 20 10 40 ppm of

gascous hydrogen cyanide and may include headache. drowsiness, vertigo, weak and
rapid pulse, decp and rapid breathing, nausea and vomiting Convulsing, dilated pupils,

clunmy skin, o weaker and more t9pid pulse and slower, shallower breathing can
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d.

follow these symptoms (E1 Ghawabi ¢1 al., 1975). Finally, the heartbeal becomes slow
and imegular, body temperaure falls, the lips, face and extremities take on a bluc
colour, the individual falls into a coma and death occurs (Hartung, 1982: USEPA,
1985). Thiese sympioms can occur from sub lcthal exposure 1o cyanide, bui will
diminish as the body detoxifics the poison and excreles it primanly as thiocyanate and 2

amino thiazolinc 4 carboxilic acid with other minor metabolites (ATSDR, 1989).

2.8.2 Treatment of poisoning and antidetes

Cyanide produces a rapid onset of toxicity, which must have vigorous and immediaic
tieatment to prevent the 1oxic syndrome. To obesin beiter proteciion, a series of newer
antidotes cither alone or in adjunction with the conventional treatmcnts have been
examined (\Vay, 1982; Isom and Borowitz, 1995). A wide vasicty of compounds have
been used as cyanide antidotes and they have been classilied into four inajor groups
based on their mechanism of action: Scavengers, Detoxification, Physiological and

Biochcmical (Isom and Borowitz, 1995).

Scavengers
These are compounds that inaclivatc cyanide by binding it or by forming

mcthacmoglobin. which in tum scquesters cyanide.

Mcthemoglobin formers:

The basic aim of rapid detoxification of cyanide is prevention or reversal of inhibition
of cytochrome oxidase by cyanide. This is usually accomplished by providing a large
pool of feitic iron in the formi of mclhcmoglobin 1o complex cyanide, Cyanide
preferentially competes witli the Fe+++ of mcthemoglobin as compared 10 that of
cytochrome oxidase, and cventually binds with the fonncr to form cyanmethemoglobin
(Jandorf and Bodansky |946). Thercby, the activity of inhibited cytochrome oxidase is

restored. The varioys mcthemoglobin formiers employed as cyanide antidotes include:
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(i) Amyl nitrite:

Inhalation of amyl nitritc as a lirst aid measure to cyanide poisoning is known for moany
years (Van Heijst ¢7 af., 1987). However, the efficacy of amy! nitritc as mcthemoglobin
inducer remained disputed on account of its inability 1o generote mcthemoglobin gicater
than 6%. while about 15% is required 10 challcnge onc LDS0 dose of cyanide (Van
Heijst et al.. 1987). Now 1the protective cffiect of amyl nitrite is attributed to its
vasodilatory clfcct that can reveise the early cyonide induced vasoconsiriction.
Arlificial ventilation with amyl nitritc broken into ambu bags has been reported as a life
saving thcropy in cyanide poisoned dogs, prior lo induction of significant level of

mcthcmoglobincmia (Vick and Froelich. 1985).

{ii) Sodium nitrite:

Sodium nitrite (SN) is the most prevaient drug of choice for cyanide poisoning (Chen
and Rose, 1952). Whca given inttavenously (i.v.) it takes about 12 min to gencrate
approximatcly 40% of mcthecmoglobin {Van Hcijst ¢ at., 1987). Inspilc of this dclay in
inducing a signilicant level of mcthemoglobinemia, a reasonable protection ofiered by
SN can be ascribed to its vasodilatory property (Van llcijst ct al., 1987). A scrious
drawback with SN is that (intra venous) i.v administration may be accompanicd by
serious cardiovascular cmbasvassment, padiculorly in children, for whom an adjusted
dose is rccommended (Berlin, 1977). Since SN induced mcthemoglobincmio impairs
oxygen transpont, it cannot be recotnmended for fire victims where in most instastces
HCN exposuie is accompanicd by carbon monoxide poisoning (Health Canada, 2002).
Since carbon monoxide also impairs oxygen caitying capacity of blood, administrption
of SN waould further aggravate the hypoxic condition. SN is also not advised for
individuals with glucosc. 6-phosplute dchydrogenase (GGPD) deficient red cells

becauseof possibility of'serious haemolylic rcactions (Van llcijst e al.. 1987).

(iii) J - Dinicthylaminophcnol:
The relatively slow rate of mcthemoglobin foimation by SN prompied the development

of mpid methemoglobin formers like aminophcnols. 4-ditncthylaminopheng | (DMAP)

18 the treatment of choice for cyanide poisoning in Germany: A dose of 3-25 mg/kg. i
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of DMAP wus reported 10 produce mcthemogtobin tevel of 30% within 10 min nnd 15%
methcmoglobincmia was altaincd within onc minute without any immediate clfeet on
cardiovascular system (Kiese and Munch, 1950). However. there are difficicnces in
individual susceptibility to DMAP. wbich may result in an undcsitable level of
methemoglobinemia cven after normel therapeutic doses (Van Heijst ¢ af.. 1987).
Innamuscular injection of DMAP results in local abscess and fever, Its clinical
application remains limited on account of its other toxicological implications like
ncphrotoxicity (Wcger. 1983). Co-administration of a reduced dosc of rcapid
mecthcmoglobin inducer like DMAP and a slow inducer like SN were also found to be
an cffective pre-ircatment against acute cyanide poisoning. This regimen by vittue of a
piotracted optimat levet ol methemoglobinemia provided sustained prophylaxis in mis
(Bhattacharya er al.. 1991).

(iv) Other methemogtobin formers:

Hydroxylaminc (I1A) was yect another rapid methemoglobin inducer that was cndowed
with an anticonvulsive property (Wood and Pccsker, 1975). [n vicw of cyanide induced
convulsions and the toxicity of DMALD, the cfficacy of [{A co administration with SN
was also cxamincd in rals (Bhottacharya et of.. 1991). Although, this regimen
minimised the c¢yanidc induced convulsions. it was less effeclive as compaied to
SN+DMAP trcatment. [n addition to prophylaxis, co administration of SN and DMAP
or HA werc also elfcctive thempcultically (Bhattacharya. 1995). but their exirapolation
0 humans warranted caution in view of the persisient toxicity of these regimens
(Bhattacharys and Sugendran, 1992) The cardiovascular implications and poor
pharmacokinctics of SN led 1o ¢valuntion of yet another group of mcthacmoglobin
formess viz. aminophcnones and derivatives p-ominopropioplicnonc (PAPP), p -
aminooctanoylphcnone (PAOP), p -nitrosopropiophcnonc (PNPP) and p -hydroxy
aminopropiophcnone (PHAPP)]. Out of all these agents PAPI” was the most cffective as
prophylaxis (Marrs and Bright, 1986). Another altcmative trcatment of cYanide
Poisoning, involving stroma free methemoglobin solution (SFFMS) was proposcd by Ten
Cyck er al., (1985). Intravenous administration of this sojution did not impair the

oXygen carrying capacity of blood as caused by nlost other nicthemoglobin fopmers and
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dirccily sequestered cyanidc to protect 8 4 X LD90 dose of sodium cyanide in rals.

Efficacy and safcty o [ this antidote rcmains (o be deteemined in larger animals,

b. Cobualt containing conipoundls:
Cobalt ion which fors a stable metal complex with cyanide is an ¢fTcctive therapeutic
agent against cyanide poisoning (Linnell. 1987). Various cobalt containing compounds

known lo antagonise cyanidc poisoning include:

(i) Dicobalt edetate (Kelocy:nor):

This agent (300 mg of dicobalt edetate in glucose solution; i.v.) is the current treaiment
of choice in France and United Kingdom. Serious side effects like vomiting. urticaria,
anaphylactoid shock, hypotension and ventricular arrhythmias have been reported in

patients receiving Kelocyanor (Van Heijst eral., 1987),

(i) Hydroxocobalnmin (Vitain B 12a):

This agent is perhaps the most promising cyanide antidote used in human loxicology
(Van Heijst ¢r al., 1987). With the exchange of hydroxyl group of hydroxocobalamin
for cyanide, non-loxic cyanocobalamin (Vitamin B12) is formed. l1owever, use of this
antidote remaincd limited on account of the large dosc required o challenge cyanide
poisoning. An injcclable solution of hydroxocobalmnin (5 g in walter) is now available
in France and Germany. In IFrance a 4g hydroxocobalamin solution in 80 ml of sodium
thiosulphate (STS) bhas also bcen developed. A recorded side effect of

hydroxocobalamin includes anaphylactoid rcactions and acne.

(1ii) @ther cobnlt compounds:
Cobaltous chloride, cobaltous acclatc, cobalt histidine and sodium coball nitrite are also

reported (0 anlagonisc cyanide poisoning. However, none of them has been used

clinically (Linnell, 1987).
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c. Cvanohydrin formers;

Cyanide is @ nuclcophile known 10 react with varjous carbonyl moicties like kctoncs
and aldchydes to yield cyanohydnn derivatives (Way, 1982). Sodium pyruvate was
reported to eflectively challenge aeutc cyanide poisoning in mice (Schulz. 1984).
Another ketocarboxylie acid like ketoglutaric acid (KG) is currently being pursued
widely as a cyanide antidotc (Dulancy er al.. 1991). Proteetive effect of KG was also
obscrved against cyanide induced convulsions in mice {Yamamot0, 1990). KG either
alone or in combination with SN and/or STS attcnuated toxicity in mice exposed (o
cyanide through diffetent routes (Bhattachatyn os. al.. 1991) Prophylactic or therapcutic
ability of KG was also shown to be augmented by oxygen (Dclhumeau ¢f al., 1994).
Cyanide induced histotoxic hypoxia was reversed by KG which was found to be more
effective than cobalt cdetate and sodium pyruvaic (Dclhumcau ¢ ai., 1994). Although.
clinical trials of this agent as cyanide antidote has not yct been conducted in humans,
bascd on the promising results in cxperimcntal animals. it is presently envisaged as a
potcatial antidote for cyanide poisoning. It is considercd sale as oral form of KG is sold
as an over-the counter uutritional supplement (Klaire [.aboratorics, San Marcos, CA)
(Dulaney ¢/ af.. 1991).

Detoxificalion

Under this group those agents are listed which enzymatically detoxify cyanide by
converting it to a rclatively non-texic product which is 1eadily eliminated from the
body. The reaction can be catalyzed by augmenting the levels of the enzyme
endogenously or by supplcmenting the enzyme exogenously or, by providing more
substrate 1o the enzyme, which in this case ate sulfur donors. The najor mechanism of
removing cyanide fiom the body is its enzymalic conversion by the mitochondnal

enzyme Rhodanesc (thiosulphate-cyaaide sulphur tmnsfemse, (EC 28.1.1) 10

thiocyanate. Transulfuration of cyanide is also facilitated by fi-mcrcaptopyruvale-

cyanide sulphur transferasc (EC 2.8.1.2) (Ballantyne, 1974). The enzymatic conyversion

of cyanide 10 thiocyanoie fequices a soulce of sulfanc
) whichis usually olTered by thiosulfates or other

sulphur (8 divalent ijonised

sulphur bound to another sulphur atom

biological compounds containing sulfane sulphur, like polythionates. thiosulfonates.
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persulfides clc. It is presumed that the sulfane sulphur binds first to the serum albumin
1o yicld sulfanc sulfur albumin complex which eventually reacts with cyamde to forin
thiocyanate (Westley ef af., 1983). Exogenously administered thiosulfote usually in the
form of STS would supplement this reaction 1opidly. STS alone administered i.v. may
be sufficicnt in moderale cascs of cyanide poisoning while severe cases of poisoning
may nccessitate co-administration of other antidoles, preferably SN (Van 1icijst ez al.,
1987). STS is contra-indicated in paticnts with renal insuflicicncy as the thiocyanale
formcd may causc loxicity (Van Heijst er al.. 1987). Endogenous augmentation of
Rhodanesc has not been worked ous extensively bul exogenous supplementation has
becn teported 10 accelerate the transulfuration of cyanide to thiocyanate (Bhant and
Linncll, 1987). Howevcr. stability and scnsitivity of the cnzyme 1emains (o be

addressecd.

P’hysiological

Oxygen appcars lo be a physiological anlagonist. Oxygen alone at hyperbatic pressurce
has slight protective cftect in cyanide poisoning but it dramatically potcntiates the
proteclive clTicacy of SN and/ or STS (Way er ai.. 1984). This protective mechanism is
not yet clear because inhibition of cylochiome oxidase by cyanide does not deplete the
availability of oxygen; only cellulnr utilisation of oxygen is impaired (Baskin ct. af.,
1992). It is presumed that intrucellular oxygen tension may be high enough 1o cause non
cazymatic oxidation ol reduced cylochrome or oxygen may displace cyunide from
cytochtome oxidasc by mass action (Klassen, (990). During transulfuration theee is
accumulation of sulphite (SO3-2) which inhibits the progress of the reaction. It is
pProposed that oxygen accclcrates the oxidation of sulphite, thereby enhancing cyanide

dctoxification (Litovitz, 1987).

Biochemical
The compounds classificd as biochemical ontidotes have largely unexplained

mechanism of action and are also regarded ds non-specific antidotes. These compounds

are usually not very effective per s€ but as adjuncts significantly augment the cfficacy

of conventional antidotes, A few chemicals belonging to this class of antidoles are:
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(i) Chlorpromazine:

The potent vasodilatory action of nitrites prompted the examination o [ vasogenic drugs
as cyanide antagonist. Chloipromazine a neuroleplic phenothiazine, was found to
significantly potentinte the eflicacy of SN and STS combination in cyanide toxicity
(Way et. al.. 1984). Subsequently, the antidotal activily of chlorproinazine was related
to 115 ability 10 sustain cellular calcium homeoslasis and maintenance of membranc

inegrity by preventing peroxidation of membranc lipids (Maduh er. of.. 1988),

(ii) Other agenis:

Other a -adrenergic blocking agents like phenoxybenzamine and various autonomic
drugs, vasodilators such as papavcrinc, organic nitrates and anti-histaminic compounds
have shown some antidolal cflicacy in cyanide poisoning. Cyanide induces respiratory
cessation medialed through inhibitory action of released endorphin. Therefore, stcreo-
specific opiate antagonist (-) naloxone hydrochloride was found to protect against
cyanide induced Icthality in mice (Leung er. al., 1986). Role of neuronal calcium in
cyanide induced neurotoxicity and beneficial cffects of chlorpromazine and calcivm
channel blocker (diltiazem) are also well documented (Johnson et. al., 1986). The recent
thnust to develop mechanistic based antidotes against cyanide poisoning has identificd
some new classes of lcad compounds like calcium antagonists, non-hypnolic
bacbiturates, anticonvulsants, adrenergic blockers blockers. antipsycbotics, nitric oxide
generators, other ncuroprotective drugs, antioxidants. plasma expandess, glycolytic
substralcs, carbony! compounds ctc.

Many of these drugs havc not been used clinically in humans but their results in
expcrimenital animals or in vilro arc quite cncowraging. Other commonly recommendcd
antidotes are *solution A and B’ (n solution of fcrrous sulfate in aqueous citric acid and
8queous sodium carbonate) and omyl nitrite. Britsin’s Health and Safety Executives

(11SE) has recommended against the use of solutions A and B because of their Jimyed
shelf life. potential to cause iron poisoning ond limitcd applicabilily (cffective only in

cascs of cyanide ingestion, wheress, the main modes of poisoning arc inhalation and

skin contact) (ATSDR, 2006).
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2.8.3 Globat attitiude and the popular trcatments

A retrospective cxaninition of various cyanide antidotes reveals (hat there is no
unanimvity of opinion regarding the eflicacy of a paticular ueatment regimen, This is
mainly due to difTerent experimental conditions. test protocols ond species of animals
emploved in evaluating various antidotes. Adoption of a pasticular frcotment in a
country is dictated by various factors including the regulatory bodies and lhe
jegislations. There is no global unanimity on this issue. like SN and STS combination is
the drug of choice for cyanide poisoning in U.S.A. ond many other countries, France
and U.K. have adopted kelocyanor while Germany is still continuing with DMAP and
S1S combination. However, SN (10 ml of 3% solution) and STS (50 ml 25% solution)
combination is still the most prevalent ircatment in cyanide poisoning (Van Heijst f al,,
1987). Artificial ventilation with 100% oxygen via Ambu bag contatning the contents of
two ampoules ol amyl nitnite (0.6 inl) is usually practiced as the first aid therapy. The
use of antidote should be restricted to patients in deep coma with respiratory
insufliciency. Supportive therapy of diazepam i.v. (3 x (0 mg) and 4.2% sodium
bicarbonate solution 10 cotrect the convulsions and metabolic acidosis respectively have
also been used in human poisoning. To revert excessive methacmoglobinacmio i.v.

. administration of 30 ml of [% methylenc bluc solution is also recommended (Van

Heijst ¢t al.. 1987)

2.8.4 Rolc of sulphur-containiag amino acids in cyanide detoxification

Dictaty cyanide exposurc {rom cyanogcnic glycosides in insufficiently processed
cassava has been implicated as o contributing factor in growth retardation. The major
defence of the Jiuman body 1o counter the 1oxic eflects ol eyanide is ils conversion (o

thiosulfate mediated by the enzyme thodancse (discovered by Lang, 1933). The enzyme

The enzyme is localizad in the mitochondria in dillerent tissues and is relatively

abundant. but in sites, which are not readily accessible 10 thiosulphote the jimiting

facior for the convession of cyanide is th
uf-containing diclasy amino acids. cysicine and

iosulphate. This dctoxification requires sulphur
donors, which ase provided from sulph
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| methionine (Bradbury and Holloway, 1988; Rosling. 1994). In subjects who have an
adequatc Protein componcnt of their dicl, exccss cysteine and methionine are not
required for protcin synthesis and are degraded (o inorganic sulphate and cxcreted.
Where dictary intake of prolcin is inadequate. the preferential use of metabolicatly
avatlable sulphur-containing amino acids for cyanide detoxification is also belicved (o
nemper protein synthesis and hence contribute to growih relardation in children cxposcd
todictary cyanide from cassava. A deficit in height-for-age index, othenvisc refcrred to
as ‘stunting’ was associated with children who consumed inadcquatcly processed
cassava, however, weight-for-height and weight-for-age indices were not significantly
different from children wbo consumed cassava which was adcquatcly processed
(Banca-Mayambu ¢ al., 2000). This indicales that because of the preferential use of
sulphur amino acids for cyanide dctoxilication in the human body, dictary cyanide

cxposurc may be a factor aggsavating growth rctardation.

Somc cassuva products arc eaten with soup that contains three main groups of food
items. First, there are various secds and nuts that are vsually pround up and used to
thicken the soup, cither by them or in a mixture of some starchy stapics or okia. These
are high in protcin, fats, and other nutricnts. Sccond, there are Icaly and (ruit vegelables
such as African spinach. ugwu and ok:a that are sources of mincrals, vitamins, and
fiber. The kind of animal product uscd in the soup also usually depends on social status
or income, and the occasion for which the meal is prepared. Since the soup is tich in
sulfur amino acids, the toxicity of any cyanide in the cassava product caten may be
minimized by the detoxifying cflects of the sulfur amino acids in the animal products,
Free cyanide must be scquestercd and metabolized to avoid inhibition of cytochrome ¢
oXidase, blockage of mitochondrial clectron treasport and conscquent energy failure,
Following an gcute exposuie, cyanidc is reportedly first trtapped by mcmcmoglobin in
the formn o f cyano. methemoglobin (Schultz, 1984), Cyanide is converted to thiocyanue
(SCN.), 8 rcaction that requites sulfanc sulphur as a rate- limiting cofactor for the

ehzyme phodancsc (Lundquist, 1992). The concentration of sulfane sulphur is dependent

on the availability of sulphur amino acids (SAA) from dictary protein (Chitf er. al,

1985), Even in protein malnutrition, available sulphur is prefentially utilized for cyanide
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dctoxication (Swennc et al.. £996).Cyanidc may also be sequestered by albumin and
metabolized (0 2- aminothiazolinc-4-casboxylic acid (ATC) or to cyanatc (OCN-) which
(Swenne ef. al., 1996), in tumm. is converted by the cystcine containing enzyme cyanase

(E.C. 3.5.5.3) amtmonio and bicarbonale.

2.8.5 Cyanogcnic glycosides

Cyanogcnic glycosides are phytotoxins. which occur in at least 2000 plant species, of
which a number of species are used as food in some areas of the world. Cassava and
sorghum ore especially important staple foods containing cyanogenic glycosides (Conn.
1979; Nartey. 1980: Okc, 1980).

There arc approximalcly 25 cyonogenic glycosides known. The potcntial toxicity of a
cyanogcenic plant depends primarily on:

(i) If the plant is consumed raw, or insullicicntly processed, HCN may be released in
the body until the low pH of the stomach deactivates  glucosidase enzyme.

(i) The plant may not be sufticiently detoxif.cd during processing or preparation and

therefore, ITCN may remain in the food.

Several factors are important in this toxicity. The first aspect is the processing of plant
products conla:ining cyanogcnic glycosides. When the edible parts of the plants are
maccruted, the catabolic intraccllulor cnzyme B-glucosidasc can be relcased, coming
into contact with the glycosides. This enzyme hydrolyzes the cyanogenic glycosides 1o
producc hydrogen cyanide.and glucose and ketones or benzaldehydc.

The hydiogen cyanide is the major toxic compound causing the toxic effecls. Plant
products (notably cassava), if not adcqualcly detoxified during the processing or
prePlation of the food, are toxic because of the relcasc of this preformed hydrogen
cyanide.

The second aspect is the disect consumption of the cYanogenic plant. Maceration of

edible ports of the plants as they are eatencen rclcase B-glucosidasc. The B.glucosidase

I'sthen active until the low pld in the stomach dcactivates the enzymc. Additionally, it is

possible thot part of the cnzyme fiaction con become reoctivaied in the alkoline

environment of the gut. Al least pant of the potential hydrogen cyanidc is relecased, and
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may be responsible for all or part of 1he toxic effiect of cyanogenie glycosides in the
cases of somc foods. In humans, cyanide is detoxified by the cnzyme rhodanese Which
can further convert majority of the cyanide 10 a less toxic thiocyanate which is excreled

tn unne.

2.9 Lealy vcgcinbles

Several vegclable species abound in Nigeria and most West African countries where
they arc used partly as condimicnis or spices in human diets or as supplementary fceds
to livestock such as rabbits. poultty and swine (Aletor and Adcogun. 1995) Leafy
vegelables arc imporiant items of diet in many Nigerian homes, These vegetables are
harvesicd at all stages of growth and fed either as processed, scmi-processed or ftesh to
man whilc they arc usually offered fresh 10 livestock. The nuttitional interest in some of
these vegetable species stems from their tich contents of essential amino acids, vitamins
and minecals. Further to their rich content of the mentioned nutrients, it is established
thal green vegetable leaves arc the cheapest and most abundant source of proteins
becouse of their ability to synthesize amino acids fiom a wide range of virtually
available primary maicrials such as water. carbon dioxide and atmospheric nitrogen (as
tn legumes) (Fasuyi and Alctor, 2005)

Apait from the variely which they add to the menu. they are avatlable sources of
nutrients especially in rural arcas where they contribute substantially 10 protein. fiber
and other nuirients which are usually in short supply in daily diets (Fasuyi and Aletor,
2005). They add Navor, variety, lasie, color and aesthetic appeal to what will otherwise
be a monotonous diet. They are in abundance shortly afier the riainy seasons but become
scarce during which cultivated types are used. Leafy vegetablesarcamong the easiest to
obtain aad grow in the tropics. They are good sources of dielary fiber, ptotein, vitamins
A. C, and B.complcx. minerals, espccially calcium, iron, magnesium, and phosphotus,
and arc low in carbohydrotes and fals. Dark green leaves are usunlly more nutritious

than Jighter or yellowish lcaves, Many lcafy vegclables are perennials and yield usefiy!

food with 3 minimum amount of labour.
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2.9.1 Vernonia amygdalina
Botanic descrption

Vemonia amygdalina is a bushy shrub or well.formed trce up to 7 m in height. Bark

light grey or browns ruther rough and longitudinally flaking; branches brittle, Leaves

lanccolate to oblong; up 10 28 x 10 cm. but wsually about 10.15 x 4.5 cm, Leathery,

medium to dark green. with o without spaisc hairs above, with line, sofl, pale hairs

below and conspicuois net-veining; apex and base lapering, base always almost

symmictric, margin entire or very fincly 10othed: petiole usually very short but may be
1-2 cm long. Flower heads thistlc-like, small, creamy-white, somctimes slightly touched
with mauve, about 10 mm long, grouped in dense heads, axillary and terminal, forming
largc (lat clusters about 15 cm in diameser but aot conspicuous: sweelly scented,
especially in the evening. Fruit n small nutlet. with minue glands and bristly hairs on
the body and a long tul\ of bristly hairs at the top, The genus was named in honour of an
English botanist, Williamm Vernon, traveller and plant collector in Notth America in the
17th century (USDA, 2010)

Vemonia amygdalina (bitter Icaf) is a thick shrub often found in savanna and forest
margins, widely distributcd throughout the tropical Afiica. It is ofien plnnted and is
frequently itcms of morket-merchandize, for its moany uses such as quinine substitutes
for (ever, laxatives. cxpectorant, stomachic and pastrointestinal troubles,

The lcaves arc bitter. Billemess can be abated by boiling or in the young leaves by
seaking in several changes of water. They arc held to be anti-scorbutic and are added 10
soups or ealen as spinach (Singha, 1965). The plant is cultivated for its leaves which
can be made into sauce and eaten wilth cooked tapioca (fufu) (Deighton, 1957). The
leaves are taken in Nigenia as an appelizer, digestive tonic and widcly used for fevers
and are known as quinine substitute (Deighton, 1957).

The leaves, although rather bitter to taste, mie ealen ns raw vegetables. *Chewsticks’
from the roots and wigs nse rcgarded & an appelizer (Katende ¢t @/.1995). An infusion
[rom the roots is given to children suffering from infection by a trematodc (Enterobius
vermicularis), A cold infusion of the root bark, together with other plants, is given in
daily doses 10 trcat bilharzia. The bark and root are taken as a tonic by people suffering

[rom fovers; |caves arc also pounded, the juice extracicd and diunk for fever. The |caves
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are pounded and mixed with wany water for bathing to neat Spots on the skin and
nausea (Kokwaro, 1976)

Ecolagy uad geographic distribution

Vernonia amygdalina is found in Afro-montanc rainforest, undifferentiated afro-
montanc {orest (broadlcaved forest, mixed Podocarpus forest) and dry singlc-dominant
afie-montane forest (Juniperus and Juniperus-Olea); also in secondary monlanc
cevergreen bushland and sometimes forming clumps in upland wooded grassland.
Elscwhere also in lowland humid rangeland, savannah and riverine Iringes, oflen

associated with termite mounds (USDA .gov, 2010).

Native : Angola, Benin, Burkina Faso, Burundi, Cameroon, Central African Republic,
Chad, Congo. Cotc d'Ivoire, Democtatic Republic of Congo, Eritrea, Ethiopia, Gainbia,
Ghasa. Guinca, Kenya, Liberia, Malawi, Mali, Mauritania, Niger, Nigeria, Rwanda, Sao
Tome ct Principe, Senegal, Sieira Leone, Sudan, Tanzania, Togo, Uganda, Ycnicn,

Republic of, Zambia, Zimbabwec (USDA.gov, 2010).

Scientific Classification of Vernonia amygdalinag
Kingdom: Plantac
Phylum: Spermatophyta
Class: Dicotyledones Genus: Astcraccae
Order: Asternles Genus: Vernonia amygdalina

Source: (USDA.gov) (Plant idenuficr, 2010)
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Table 2.2: Proximate. phytochemical and mineial compositions of aqueous eXiracts of
V. omygdalina Icaves

Moisture | Dry Crude Fai (%a) | Crude Ash (%) | Casbohydratc
Content Mauer Protcin Fibre (%) (%)
(%) (Vo) (%)

[8.82 91.18 21.70 2.74 10.96 9.88 54.72

Alkaloids | Saponin | Flavonoids | Anthocyanic | HCN Sterols | Tannin

(%) (%) (%) (%) (me/kg) | (%) (%)

11.52 020 | 0.04 0.02 6.22 0.04 0.28
Ce Mg K Na p Fe n Pb Cu Cd Cr
mg/l00g | mg/t00g | mg/100g | mg/t00p | mg/100E | mgkg | mwhe | mgkg | make | makg | mafks)
10.80 40.50 375 30 410 14 $20 |082 1246 |005 |0.0l

Sourcc: Dike (2010)

Amino Acid Urefile of Vernonin amygdalina.
Analysis of the amino Acid conients of Vernonia amygdoling

Types of amino acids analysis (ing/100 g)

Thiamine 170.00

Pyrdoxine 2.06

Ascorbic acid 20.49

Glycinc 4.6

Cysteine 1.84

lydiolysate Casein  96.99

Nicolinamide 1 65 Source: (Alot e ul. 2005)
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2.9.2 Taluuun triangulure

Botanic description

Talinum Iriangularc (water Icaf) is an erect fleshy-leafed herb of open ground and in
forest clearings. 1t is very casily propagated by cuttings and by sced. The plant is
purple-flowercd, 8 white flowered mutant gives pink-flowered f1 offspring which on
selfing show a simple 1-2-1 Mendelian ratio in the £2 generation. suitable, because of
the quick growing shom life-cycle, for demonstrating simple genetics (Okigbo, 1967). It
1S uscd to soothe inflammations, as a diuretic anti-emetic application and remedy for
stomach troubles (Bouquet, 1969).The plant is sold in markets and enten cooked as a
potherb and in soups or raw in salad, as condiments in sauces (Ainsle, 1937). I is rich

in minerwl salts and amino acids and has anti-scorbutic propertics (Busson, 1965). A

sludy of Nigerian matcerials has shown it to be rich in protein and to have a high ash-

conicnt, but, however, witli an oxalatc-content high cnough to be possibly Iethal (Irvine,

1956).

Ecology and geographic distribution

Flie plant of Talinum triungufare is an exotic inroduced [rom tropical America and the
Caribbean, and now occurring in all parts of the Wcst-Alrica region from Scnegal 10
southem Nigeria but not in the diier northem states. The plant is o common weed of
rice-lickd in old Bendel stste of Nigeria. It is frequently cultivated along the \Vest

African coast and cven far (nland (Okigbo, 1967).
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Scientific Classification of Talinum triangulare

Kingdom Plantae - Plans
Subkingdom Tracheobionta ~ Vascular plants
Supcrdivision Spermatophyta - Sced plants

Division Magnoliophyta - Flowering planis

Class Magnoliopsida — Dicotyledons

Subclass Caryophytlidae

Owder Canyophyliales

Family Porivlacaceae - Purslane family

Genus Talinum Adans. — fameflower

Species Talinum triangulare (Joeq,) Willd. — Ceylon spinach

Source: (USDA.gov) (Plant identificr, 2010)
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Table 2.3: Proximde. phylochemical and mincral composiions of Aquecous extroct of
T. triungularc leaves

[Moisture | Dy [Crude  [Fat (%) [Crude | Ash (%) | Carbohydrale |
Conlent Matter Poten Fibre (%) (%)
(%) (%) (%)
9.24 90.76 2.4 0.40 1.00 2.00 94.20

II
Alkaldds | Saponin | [lavonoids | Anthocyanic | HCN Stcrols | Tannin
(%) (%) (%) (%) (mg/kg) | (%) (%)
10.96 0.10 0.02 0.04 0.00 0.00 0.08
Ca Mg K Na p Fe Zn Pb Cu Cd
mg/100g | mg/100g | mg/100g | mg/100g | mg/100g | mpkg | mpkg |mgkg |[mphg | mpkg | mg/kg
24 12.2 610 10 340 4.10 10 0.18 4.10 0.0l :
Source: Dike (2010)

Amino Acid Profilc of Talinsu triang nlare.
Analysis of the amino Acid contents of Talimum triangulare

Types ol armino acids analysis (g/16g N) of leaf mcals.

Alanine -6.12 Cystinc -1.30
Aspantic acid - 701 Mcth.£Cys, - 3.40
Arginine - 596 Leucine - 9.02
Glycine - 5.6 Serine . 4.02
Glutarnic adid - 9.38 Threonine - 4.10
Histidine - 2.0] Phenyalerince - 621
Isolcucine - 5.62 Valine - 6.10
Lysine < 2.68 Tyrosine - 4.7
Mcthionine - 2.10 Tvypophan - 1.82
Fasuyi (2006)
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2.9.3 Principle of kyophylization

Frccze drying has been used in a number of applications for many ycars, most
comnionly in the food and pharmaccutical industries. There are however many other
uses for the process including the stabilization of living materials such as microbial
cultures, prescrvation of whole animal specimens for museum display, restoration of
books and other items damaged by waler and the concentration and 1ecovery of reaction
products. Freeze drying involves the removal of water and other solvents from a frozen
product by a process called sublimation. Sublimation occurs where a frozen liquid goes
dircctly 10 the goscous statc withoutl passing through thc liquid phasc. In contrast,
drying at ambicnt temperatures from the liquid phasc usually results in chonges in the
product and may be suitable only for some metcrials. 1lowcever, in [reeze drying. the
matend] does not go through the liquid phasc and it allows the preparation of a stable
product that is easy to usc and gesthctic in appcasance, The frecze drying process

consist of theee stages i.c. pre freczing, primary deying and sccondary diying (Nircesha
etal., 2013)

Prc frcezing

Since freczing is a change in state from the gaseous or liquid phase to the solid phasc,
maicrials 10 be frceze dried must first be adequately pre [tozen, The mcthod of pre
ficczing and the linal temperature of the frozen product can aftect the ability to
successfully frecze diry the material. Rapid cooling results in small ice crystals, uscful in
preseIving structures to be examined microscopically, but resulting in a product that is
mote difficult to freeze diy. Slower cooling results in lorger ice crystals and less
testiictive channels in the matrix during the diying process. Producls frecze in two ways
depending on the makeup of the product. The majority of the product that is subjccted
10 frecze drying consists primarily of water. Most samples that are to be frecze died are
cutectics which arc o mixtuse of substanccs that freezc al Jonwer icmPeratures than the

surrounding water. When the aqueous suspension is cooled. changes occur in the solute

concenirations of the product matrix. As cooling procceds, the water is sepasdted from

the solutes as it changes (o ices crealing mose concentroted areas of solute. This pocket

I s dlcralsehave B lower freezing tempemiture than the water. Althougha
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prodtucﬁl may appear to be frozen becausc of all the ice present. in actuality, it is not
completely ftozen until all of the solutc in the suspension is frozen. The mixture of
various concentrations of solutcs, with the solvent constitutes the cutectics of the
suspension. Only when all the eutectic mixture is lrozen is the suspension proPerly
frozen. This is called the eutectic temperature. [t is very imporant in [reeze drying (o
pre frceze the product to below the eutectic temperaturc before beginning the frecze
drying process. Small pocket of unfrozen matcrial remaining in the product expand and

comprise the structural stability of the frceze dried product ((Nircesha ef af.. 2013).

Primary Deying

After pre freczing the product. conditions must be established in which ice can be
iecmoved from the [rozen product via sublimation, resulting in a dry, structurally intact
product. This requires very careful control of the two parameters tcmpcrature and
pressure, involved in the frecze drying system. The rate of sublimation of ice from a
frozen product depends on the diffcrence in vapor pressure of the product compared 10
the vapor pressure of the ice collector. Moleeules migrate from the higher pressure to a
lower pressure. Since vapor pressure is relates) to temperature, it is necessary thast the
product temperature is warmmer than the cold trap (ice collector) temperature. It is
extremely imporiant that the tempersture at which a product is fiecze dried is balanced
between the tcmperature that maintains the frozen integrity of the product and the

tempcrature that maximizcs the vapour pressure of the product (Nireesha ¢r al, 2013).

Sccandary Drying

Afer primary freeze drying is complcte and all ice has sublimed, bound moisture is sill
present in the product, The product appears dry but the residual moisture content may
be as high as 7-8 %, Continued diying is nccessary 8t the warmer temperatuce 1o (educe
the ressdual moisture conten! '© Optimum values. This process is called Isothennal
Desorption as the bound water ‘1s desorbed, from the product. Secondary drying is

nonnally continued at a praduct [empemiure higher than ambient but compatible with

the sensitivity of the product. All other conditions such as pressure and collector
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femperature remain the snnie. Becausc the process is desotpiive, the vacuwn should be
as losw as possible (no elevated pressure) and the collector temperature as cold as can be
attained. Sccondary drying is usually carried out for approximately /3 to % the time

required for primaty diying (Nircesha er al., 2013)
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CUAPTER THREE
METHODOLOGY

This was an cxperimental study and this chapter focuses on the methods used in
collcction and extraction of plants (vernonia amygdalina und tatinum triangulare) used,
preparation of stock and working concentration of KCN and the plants extmcts,

gdministration of KCN and vegetable extracts, collection of blood and lissues somples
and also the data management.

3.1 Aquecous extraction of Vernonia ansygdaling and Talinmn triangulare

Fresh plants (Vernenio aniygdaling and Talinum triangulare) werc purchased from a
vegetable furm (Ajala Farm) in lyana-Church Road, lbadan Oyo State Nigeiia.
Identification and authentication of the plant was donc at the University of Ibadan
Herbatium. The Jecaves of both vegetables were picked scparately and washed
thoroughly with distilled water to remove dirt and comaminants, wet weight of tkg each
was takcn aftcr which 200 mt of distilled water added to blend into paste. The paste was
poured into the cloth mesh and squeezed thoroughly to remove the extract. The volume
of the extract was taken using a measuring cylinder. The extincls were stored and
shipped a1 35°F — 46°F (+2°C - +8°C) tcmperature condition to the Intemational
Institute of Tropical Agticulture (1iTA) for freeze diying.

3.1.1 Aqucous extraction of *ewuro’ vernonia amygdalina

Wel Weight of *Ewuro® leaves = 1kg

Volume of distilled water used = 200 ml

Volume after aqucous extraction = 485 ml

Weight of lyophitizing iy =222.00 ¢ .

Dry weight of *Ewure' cxtract =(Total weight of tray and extract weight of ray) g
(229.255-222.00) g

=7225¢

s

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

e ey B e



3.1.2 Aqueous extraction of ‘gburc’ talinwm triangulure

Wet Weight of *Gburc' leaves = Tkg
Volume of distilled water used = 200 ml
Volume after aqueous extraclion = 650 ml
Weight of lyophilizing tray =222.00 g

Dry weight of *Gbure™ extract = (Total wcight of wray and extract — weight of trays) 8
=(238.627 -222.00) g
= 16.627g

3.2 Experimental animals

Thirly 7 weeks old Wistar rats were randomly assigned into Five (5) experimental
groups and One (1) control group.

The animals were purchased from the animal house of Lthe Posi-graduate Institute for
Medical Rescarch and Training, Biode Building. Universily College Hospitat to
acclimatisc for four wecks. They were obtained at 3 weeks old and were fed for four
weeks on commercial rut peliets and water ad- libitum. They were kept in polyethylene
cages whose dimensions arc 30 cm by 15 cm by 25cm at room lemperature. All the

procedures were performed between 09:30 and 11:30 a.m.

3.3 Lyophilization (frecze diying)
300 ml of each vegetable exiract was dispensed inlto the lyophilizer trays and was frozen
for 5 hours. ‘The frozen extract was then placcd in the batch lyophilizerand freeze dried

for 2 days. Powdery forms of the vegelable extracts were obtained ot the end of the

procedure.

(&)
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3.4 Preparation of the stock und working concenfration
Stock:

3mg of KCN was dissolved in 100 mi of distilled water 1o producc a concentration of 30

mg/L. OR 30 mg/kg, and keptina refrigerator,

3 mg of cach vegetable extract was also dissolved in 100mls of distilled water 1o

produce a concentration of 30 mg/L. or 30 mg/kg, and kept in 1 refiigerator.

Working concentration:

I ml of the KCN stock was dispensed in 9 nil of distilled water, shaken and covered
with a foil paper and kept in the refiigerator. Thisis a1 in 10 dilution (1:10) 10 produce
a working concentrotion of 3 mg/L or 3 mg/kg.

1 ml cach of the vegetable exiract was dispensed in9 ml of distilled waterina 1 in 10

difution, shaken and covered with a foil paper before it was kept in a refrigerator.

3.5 Procedurc for sidministering KCN and the vegetable extricts

The aoimals were treated with the cyanide and or vegelable using ao adjustable
micropipetic with plastic tips and a canular .The canular were labelled to prevent cross
contamination. The weight of the rats was taken along with other physical observations
before the KCN and the vegetable extracts were administered daify. Quantity of the
KCN and the extracts administered were bascd on the weaght of the aus. The ratio of
the KCN 10 cither the extract or distilled water was 1:1. The adjustable micropipetie
was used to pick the extrocts, KCN and disulled water and dispensed into smal! bottles
:\-hcrc it wos mixed thoroughly before feeding it 1o rats. The small battles. canular and

tips were labelled as follows:

Croupl (n=5): Fed with equal volume of cyanide and distilled water based on the
weight of animals (Cyanide only).

Group 2 (n=5): Fed with equal volume of cyanidc 3nd Vemonis amygdalina extract

based on the weight of animals (Cyanide + VA)
Greup 3 (n=5): Fed with equal volume of cyanide and Talinunt triangulare exiract

based on the weight of animals (Cyanide + TA)
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Group 4 (n=5): Fed With equa! volume of Vemonia extract and distilled water based on
the Weight of animals (VA only)

Group 5 (n=5): Fed with equal volume of Talinum triongulore cxlzact and distilled
waler based ontheweight of animals (TA only)

Group 6 (a=5) : Fed with distilled wotcr only

Assuming the weight of a rat in Group 2 i.c. (the CN+VA group) was 1aken as 190g, the
micro pipelic Will be adjusted to 190uL and will be uscd to pick the cyanide ond the
extract into the small bottle, mixed together and moke up to 1000uL. before the canulor
was uscd to pick the mixture.

The animals were picked from the toil and the neck was gripped with 1he left hand and
tumed upwards with its limbs hanging up and the tail weked betwecen the hollow of the
tcl hond. then a clear passage to the throat was sought before the mixture was
administcred. Beforc feeding. physical paramctcers i.c. agilily. eyc and (ur colour, nose
discharge and ocular ond nasal lesion wete obscnved and recorded for 2 wecks.

Thioughout the period of the study. a doily recotd of bady weight. food and dainking

waler consumplion was rceorded

3.6 Collcction of samplcs

3.6.1 Collcction of blood samples

On day 14 from the first day of exposure, the tals werc fasied for 24 hours before the
lesmination of the treatments. On day 15. capilly tubes were used to collect blood
samplcs (rom the rats whilc they were still alive using the oculoar puncture method. The
blood samples were placed inside Lithium heparinised botiles and were centrifuged ot
1000 sevolution/ minutes. aficr which the plasma collected by decanting into universal
boltles before they were taken t0 Chemical Pathology where they were analysed for
liver function ecnzymes (LFE), Alkaline Phosphalasc (ALP). Aspanate
Aminoliansfcrases (AST), and Alanine Aminotransferases (ALT). Using eapillary
lbes, the Pocked Cell Volume (PCV). llacmoglobin (1B), Red Blood Cell (RBC).

Whitc Blood Cell (WBC). and Platelet Countof cach rat wos also cslimated.
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Group 4 (0=5): Fed With equal volume of Vemonia extract and distilled water based on
the weight of animals (VA only)

Group S (n=3): Fed wilh equal volume of Talinun: triongulare cxtract and distilled
water based on the weight of animals (TA only)

Group 6 (n=5) : Fed with distilled water only

Assuming the weight of a rot in Gioup 2 i.c. (the CN+VA group) was taken as 190g, the
micio pipciic Will be adjusted 1o 190uL and will be used (o pick the cyanide and the
cxteact into the small bottle. mixed together and make up to 1000pL before the canulor
was uscd o pick the mixture,

The animals were picked from the toil and the neck was gripped with the left haad and
jumcd upwards with its limbs hanging up and the tail tucked between the hollow of the
Icft hand, then o clear passage to the twroat wes sought before the mixture was
administered. Before feeding, physicat pasamcters i.e. agility, cye and fur colour, nose
discharge and ocular and nasal lcsion were observed and recorded for 2 wecks.

Throughout the period of the study, a daily record of body weight. food and dnnking

waler consumplion was recorded

3.6 Collcction of samplcs

3.6.1 Collection of blood samples

On day 14 from the first day of exposure, the rats were fasted for 24 hours before the
te1mination of the trestntents. On doy 15, capillary tubes were used to collect blood
samples from the rats while they were still alive using the ocular puncture method. The
blood samples were placed inside Lithium heparinised botlles und were centrifuged st
1000 revolution/ minutes, aficr which the plosma collected by decanting into universal
bottles before they weie taken to Chemical Pathology where they were analysed for
fiver [function cnzymes (LFL); Alkaline Phosphatasc  (ALP),  Aspanate
Aminotmansferoses (AST), and Aleninc Aminotransfernses (ALT). Using copillasy
tubes, the Packed Cell Volume (PCV), Hacmoglobin (11B), Red Blood Cell (RBC),

Whitc Blood Cell (WBC), and Platclet Count of cach 1at was also cstimated.

n
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-3.6.2 Collection of tissucs

Afier the collection of blood samples, the animals were sacrificed. This was carfied oul
by cervical dislocation method. The rals were held at the neck and tail and stretched
until the spinc dislocated from the neck. The carcass was cut open linea alba and the

kidney, liver, brain, spleen and testes tissucs weye removed and placed in a sample
batllc containing 10% Formalin for histopathological analysis,

3.7 Data management and statistical analysis

The daily recotd of body weight, food and water intake, hacmatological. biochemical
and histological data were analyzed using descriptive statistics and results were
expressed as mean and slandard crror of mean. 1n comparing the results of the groups,

ANOVA and Student’t-test were used and the diffcrence was taken to be signilicant
when - value is <0.05.

18
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CHAPTER FOUR

RESULTS

All experimental animals used survived to the end of the 14 days study. The resulls
froin the physical observations (body weight, ocular lesion and nasal discharge),
haematology. biochemical analysis involving detecting levels of Alanine Amino
Transferases (ALT) and Aspartate tansaminase (AST) in serum and histopathology of

sections ol the brain, liver, kidney and the spleen are presented below.

4.1 Body weight

As shown in Table 4.1, the body weiglt change of animalsin CN only, CN.+VA, and
CN+TA (434 £2.9, 214 £ 4.1 and 30.6 £ 5.3 g respectively) were compasable and not
significantly ( p>0.05) difterent from control (32.0 £ 7.5 g). VA only and TA only (3.8
2 290nd 74 2 4.2 g respectively) produced a significant (p<0.05) reduction in body

weights of animals when compared with control (32.01 7.5 g).

4.2 Food and watcr intake

4.2.1 Food intake

In respect of the food intake (Tabie 4. 1), there was e significant {(p<0.0S) inceease in
CN only (87.4 £ 6.4 g) treatment group compared with control (70.4 £ 5.2 g). llowever,
CN+VA, CN+TA, VA only and TA only (7i.74 6.2, 71.7 £ 6.2, 79.0 + 6.5 and 62.7+
3.7 respectively) weee compaable and not significantly (p>0.05) differemt from eontrol
(704 £5.2 g).

4.2.2 Watcr intake
Considering the water intake 0 shown in Table 4.1. the valuc obtained for CN+VA

(214.7 £ 31.2 g) produced a sigaiftcait (n<0.05) inciease in fccding compaled with conlrol

{122.6 1 24.2 g) Volues obtaincd with the CN anly, CN+TA VE only and TA only (167.8 £

238 1922 + 24,5, 1819 £ 27.8 ond 1002 % 220 grﬁpcdivcly) werc comparable and not
significant]y (p>0.05) different from control ((127.6+ 24.2 g}
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Table 4.1: Effects of treatments on body weight. food and water intake.

TREATMENTS  BODY WEIGHT CHANGE {2) FOOD INTAKE (o)

WATER INTAKE(2)
CN Only, d34£29 87.4 % 6.4° 167.8 +23.8
CN + VA Hlm +4.] N72462 214.7+£34.27
CN+TA 30.6%5.3 71.7+ 6.2 1922+ 245
VE Only 3.842.9° 79016.5 18194278
| TA Only 144 4.2° | 62.9+5.7 100.2 + 22. |
| Control 132075 70.4 £ 5.2 127.6+ 24.2

values nre mean £ SEM (n=S5). “p<0.05 vs. control (One-way ANOVA followed by

Tukey's multiple comparison tests),

Values are mean £ SEM (n=14), ”p <0.05 vs. contral (One-way ANOVA fotlowed by

Tukey's multiple comparison tests).

Values are mean £ SEM (n=14), 'p<0.05 vs. controt (Onc-way ANOV A followed by

Tukey's multiple comparison tests).
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Tahle 3-2: Effecisof treatments on organs (Organs/body weight ratio)

i* TREATMENTS | liver wt (mg) kidney wt (mg) spleccn wi(mg) | brain wt (m8)
CN Only 354+ 1.1 8.0+ 0.9 29+ 04 24.6 £ 6.1 |
TN+ VA 30.5£9.0 79+£04 29+0.3 8.7+0.9
|CN+TA 32509 7.620.1 23403 76 £ 1.7
VE Only 41.5+32 88+04 = [27+05 — 10.9  0.6°
TA Only 319 }.1 89+ 0.6 23+0.2 113+ 03" Ll
Control 33945 7608 5405 09.2£0.4 !

Vajues are mean + SEM (n=5). *p<0.05 vs. Control (Onec-way ANOVA [ollowed by

Tukey's multiple comparison (est).

- — ey —

e ]
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fablc 4.3: Effects of treatments on hematology parameless

IAEMATOLOGY

;ROUPS PCV % HBmg/dl. |[KBCmm® | WDBC X 10° mm® | PLATELET X 10°mm*
354206 | 11.ix02 [60+06 |[7700% 1218 111000 2 1617 5

| 38416 (12,1205 [62206 |8690% 1200 95800 % 3747

35609 [108 £02 |[6.1+07 | 100002 1450 83800 13890
452+33" [ 140+23° [74%09" |[10890% 1716 125000 = 14930
35810 [11.0£03 (59206 |9920%1598 | 130200414530

Eomro! ‘ 370244 | 124205 | 68200 |8500%1197 85800+ 14770

Values arc mean £ SEM (n=5). “p<0.05 vs. conlrol. (One-way ANOVA followed by

Tukey"s multiple comparison test).

Values arc mean £ SEM (n=5). ®p<0.05 vs. control. (One-way ANOV A folloswed by

Tukey's multiple comparison test).

Values arc mean + SEM (n=5). "p<0.05 vs. control. (Onc-way ANOVA followed by

Tukey's multiple compasison test),

82

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Table 4.4: EfYects of treatments on hematology parameters

l%‘uiups LYM % NEU % MON % £OS %
CN Only 632+118 342+ 017 | 08405 18%05

TCN+ VA 744 % 14.0 27079 |08+08 611
CN+TA 63.6+8.5 J 3126487 12+08 26422
VA Only 71279 264+79 14209 Ti0+0.7
TA Only 68 + 4.8 306+35 |08408  |08£08 |
Conlrol 708+ 2.5 264 £ 1.7 14£09 1411

Valucs atc mean £ SEM (n=5), “p<0.05 vs. control. (Onc-way ANOVA followed by

Tukey's muitiple comparison test).
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Table .4: Effects of treatments on hematology parameters

' _bmups

LYM % NEU % MON % EOS %
{CN Oniy 632+ 158 142x11.7 (0805 1.8+0.5
TN+ VA 744 £14.0 27.0+£7.9 0808 1.6+ 1.
CN+1A 63.6+ 8.5 326+ 87 12£0.8 [26+22
VA Only 712+ 79 264%179 14£09 1.02 0.7
TA Only (6848 30.6+35" [08+08 0.8+0.8
Contro! 70.8+ 2.5 264+ 1.7 14£09 1A% (.4

Values arc mecan £ SEM (n=3). "p<0.0$ vs, control. (Onc-way ANOVA followed by

Tukey's multiple comparison test).
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43 @rgans - body weight ratie

o Table +.2. there was gencrally no significant diffierence ( p>0.05) in the values
obtzincd in the eXperimental groups (CN only, CN+VA, CN+TA, VA only, and TA
only) on liver, kidne¥ and the spleen when compared with control. tlowever, VA only

and TA only (10.9 2 0.6 antd 11.3 + 0.3 g respeciively produced a significam (p<0.05)
weight increase in brain compared with control (9.2 £ 0.4 g).

4.4 linematological anzlyxis

Table 4.3 shoswing the mean values and the siandard crvor of the means for packed cell

volume (PCV), haemoglobin count (tIb), red blood cell count (Rbe), white blood cell
count (\Vbe) and plaiclets (P1).

4.4.1 Packed ccll voluinc

In Table 4.3, packed cell volume (PCV) showed a siginificant (p<0.0S) increase in the
mean values of VA only (45.2 £ 3.3 ) when compared with control (37.0 £ 4.4).
However, a non-significant(p>0.05) but comparable values in CN only, CN+VA,
CN+TA and TA only (354 £ 06, 384 £ 1.6, 35.6 £ 0.9 and 35.8 = 1.0 respectively)

were observed when coinpared with control (37.0 £ 4.4),

4.4.2 Haemoplohin

As shown in Table 4.3, in respect of tIb. a siginificant (p<0.0S) increase In the mean
values of VA only (14.0 + 2.3) when compored with control (124 2 0.5), Howener, a
non-signifieant (p>0.05) but compaiable values in CN only, CN+VA, EN+TA and TA
only (1.1 £0.2, 12.1 £0.5. 10.8 £0.2 and 11.0 £ 0.3 respectively) were observed when
compared wvitli control (37.0 £ 4.4).

143 Red Blood Cell l e
; ' -alue
In Table 4.3, considesing Rbc, a siginificant (p<0.05) incicase in the mean values o

) n-
only (74 + 09) when comparcd With control (6.8 £ 0.0). However, a no

' j A and TA onl
significani(p>0.05) but comparable valucs in CN only, CN+VA, CN+TA 2 y
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610 £ 06, 62 £ 0.6, 6.1 = 0.7 and 5.9 £ 06 respectively) were observed when
compared with control (6.8 = 0.6).

4.4.4 Whitc blood cell count

1n Toble 4.3, the mean values of while blood cell count showed no significant diffcrence
(p>005) when animals in treatment groups (CN only, CN+VA, CN+TA. VA only ond
TA only (7700 + 1218, 8690 £ 1202, 10000 * 1450, and 10890 £ 1716 respectively)
werc comparcd with control (8500  1197), Moreover, there was no significant (p>0.05)
difference in the white blood cell differcntials (lymphocyies, neutrophils, monocytes and
eosinophils) with (reatnients; CN only, CN+VA. CN+TA, VA only respectively.
However a significant (p<0.05) incrcase wos produced when mean values of TA only

(9920 + 1598) compared with control (8500 % 1197) in neuwtrophils as shown in Table
44,

1.5 Platelets count

There was genernlly no significant (p>0.05) difference in the mean values for platelcts

count obtained from animals treated with CNonly, CN+VE, CN+TA, VA only and TA
oaly respectively (111000 + 1617, 95800 + 3747, 83800 = 13890, 125000 + 14930 and

130200 £ 14530 respcctively) when companed with control (85800 £ 1:4770) as shown
in Table 4.3 ,
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Table 4.5: Effectsol treatinents on biochemical parameters

TOlnI' Albumin | Globulin | AST ALT Bilirvbin | Creatinine
protein mg/dl. | mg/dL mg/dL mg/dL mg/dL mg/dL
mo/dL
44209 119402 125+0.8 [200+89 | 180235 1002 70 (05201
5.1£0.2 (23403 (28£04 [33.0+52 |[180270 167%1.5" [1.0%03
45+£03° (28201 |[1.7+04° | 19076 22086 [90+£26 09x03
5.7+ 0.6 29406 | 20+0.1 12502130 [19.0+£21 [97+1.5 0.7+ 0.3
159+£04" |274£06 [2.1404 160+ 7.2 17.0+4.7 100£2.1 1] 0.62£0.5
TS.Z:OJ 2.3£05 12904 |21.026.1 21.0x 7.1 1.0 1.0 10.8%£0.)

Values are mean # SEM (n=5). 'p>0.05 vs contro! {One-way ANOVA (ollowed by

Tukey's multiple comparison test),

Values are mean £ SEM (n=5). *p>0.05 vs control (One-way ANOVA f{ollowed by

Tukey's multiple comparison test).

Values are mean £ SEM (n=5), %p>0.05 vs control (One-way ANOVA followed by

Tukey's multiple comparison test).
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4.5 Biochcmical analysis

4.5.1 Total protcin (TH)

In Table 4.5, there was a significant (P<0.03) ditference in 1the mean values of total

protcin When (reatment groups; CN+TA and TA only (4.5 £ 0.3 and 59 2 04)

comparcd With (5.2 £ 0.2). However, a non sigrificant (p>0.05) biological diffcrence in
the mcan valucs total tolal protcin with treatments; CN only, CN+VA, VA only (4.4
09,51+0.2,,5.7 4+ 0.4 rcspectively) comparcd with control (5.2 + 0.2).

4.5.2 Albumin

As shown in Table 4.5, mcan \alucs for albumin in treaiment groups; CN only,

CN4+VA.CN+1A. VA only and TA only (19£02,23403.2840.1,29+06and2 7+

06 respectively) arc comparable but not significanly(p>0.05) difTcrent from contiol (2.3
+ 0.5)

4.53 Glohulin

SITYLIBRA

T

In Table 4.5, a significant (p<0.05) dccrease in the mean value of globulin was
produced with treatment CN+TA (1.7 £ 0.4) when compared with control (2.9 + 0.4).
Morcover, a non significant ( p>0.05) diflicrence was observed with mean values of
globulin in Uic experimenial groups; CN only. CN+VA, VA only and TA only (2.5 +
08.28+ 04,2.9+0.1 and 3.t = 0.4 respectively) when compared with control (2.9 = 0.4).

ATt etk

BADANLWVER

4.5.4 Aspartate transuminase {AST) and Alzninc amino transaminasc (ALT)

As shown in Tablc 4.5. mean values for AST in all cxpenmental gioups; CN only,
CN+VA, CN+TA, VA only and TA only (290 89,336 52 190+ 7.6. 250+ 13.0
and 16,0 + 7.2 respectively) arc compatable and not significantly (p>0.05) dilterent from
control (21,0 + 6.1). Howeycr, there wis no significant diflictence (p>0.05) in mcan
values of ALT when the experimental groups CN only, CN+VA, CN+TA. VA only
and TA only (18.0 % 3.5,18.0¢ 70,220 486, 190 2.1 and 17.0 4.7 respeciinely) were
compared 1o control (21.0 £ 7.1).
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4.5.5 Bilirubin and Creatinine

[o Table 4.5, a significant (p<0.05) decrcase was produced in the mean values for
pilitubin (6.7 + 1.5) compared wilh control (11.0 + 1.0) when animals in group 2 were
yeated With CN+VA. Mean values for creatinine were not significantly (p>0.05)

diflerent when the experimental groups compared with control.

4.6 Histopathological analysis
A random sclection of three animals (rats) from each cxperimental group for
histopathological analysis wds camcd oul. The results of the analysis of the liver,

Kidncy, splecn and the btain are prescnted in Table 4.6 and Plates 4.1 to 4.14

4.7 Ocular lcsion and easal dlscharge
There were no visible sign of ocular lesion in animals of group onc to six. No nasal
discharge was obscrved in animals of group two. threc, and four but slimy nasal

discharge was found in 20 per cent of tats in gtoup one and L0 per cent of rals in group

five only as shown in Figure 4.1
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Tsble 4.6: Histopathological analysis of the otgans
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GROUP LIVER KIDNEY | SPLEEN ___BRA.Iltl .
T Multifocal fatty | Mild congestion | No visible lesion | No visible lesion
] degencration
Ie Fatry Nild necrosis Ly mphoid Muhifocal aseo
deceneration depletion sponglosis __
1d Poral Glomcrular cast | No visible lesion | No visible lesion
lymphocytie
degencralion
% Slight fatty | No visible lesion | No visible lesion | No visible lesion
degeneration I =3 .
2% No visible lesion | No visible lesion | Lymphosd No visiblc lesion
i depletion — :
2¢ No visible Icsion | No visible lesion | No visible lesion No visible lesion
No visible Iesion | No visible lesion | No visible lesion | No visible lesion
3 T T3 ™"
. - | AId i No visible lesion | No visible lesion
i Hcpa.uf: Reciohs = LN No visibic lesion | No visible lesion
3d No visible lesion | No visible lesion
o visible lesion | Novisible lesion | No visible lesion | No visible lesion
> : <ibic Tesion | No visible lesi
: . . No visible lesion O VvisiDIc lesion
| lepatic necrosis | Mild congestion . : - .
:t:l | No[?itsiblc lesion | No visible lesion | No visible lesion | No visible lesion
No visible tesion | No visible lesion No visible lesion | No visible Jesion
Sa _— : ‘sible lesion | No visiblc lesion
— N No visible leston _N_ﬂ!_sw_s_i____ L :
;b ;l.o VISI.?I'C' jesion _TJ%\;:;{)W No visible lesion 1 No visible lesion
e inusoida
= dilalation =
No visible lesion | No visible lesion | No visible lesion | Mo visible lesion
6b e = —1No visible lesion | No visible lesion
— == . No visible lesion | NO . - = -
II: :o :l.:::_!lz:_::_:g% th visible lesion | No visible lesion No visible Icsion
o AR e —




20

18
16

10

percenntage

= — = —_—

CN Only
(14)

CN+VE[0) C +TA(0) VEONIy(0] TA Only {7}

Teeaument groups (count}

Figure 4.1: Pereentage count of nass! discharge (n=70)

)

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

Contro}{0)



N300

\100
Plate 4.1: Photomicrography of liver scclion for group ) {CN anly)

Showing mild congested vessle with mallifocal falty degencrotion (black arrow), the
sinusoids arc infiltrated hy snffammntory cells (slcnderamow), the lymphocytes and
polymerphamuclear cclls. The portal tract (whilc arrow) appear mildly inliltrated. The

hepatocytes arc nonnal (bluc arrow)
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X100
Plate 4.2: Photomicrogiaphy of ki

X400

dncy sectoin for group L(CN only)

Showing poor archulecture. the ¢lomeruli appear normal (whitc amow), the renal

whules shows mild tubular necrosis
fukl thas appcar cosinophilic (black arc

{slendcr anow).

(bluc arrow), There is focal arca o!'ucc.:umul.atc ‘
ow), the interstitial spacc shows mild infilication
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\N100
Phute 4.3: Pholoinicrography of splecn section forconlrof T (CN only)

Showing 1ymphoid dcpletion. neceosis of the white pulp (while arrow) characierized by
apoplosis of lymphocytes
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X100 x400
Plate 4.-4: Photomicrography of biain scclion for conlral 1 (CN only)

Showing abnonnal cercbellar cortex with maklerale necrosis (while arrow) within the
sroma and sevcral obscrvable necrotized neuronal cells soen (slender arrow)
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X100 X400

IMlate 4.5: Photemicrography of liver section for group 2 (CN+VE)
Showing mildty congesled vessle (black asrow). Lhe sinusoids are modcrately ditataicd
(slender ammow ). The portal wact (while nrrow) appear milddy nlilirated and the

bepatocytes appcar normal
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X100

Plate 4.6: Mholomicrography of spleen section for group 2 (CN + VE)

Showing slight lyniphoid depiction of the white pulp (whilc arrow).
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X100 X400

Matc 4.7: Pholomicromaphy of liver section for group 3 (CN+ TA)

Showing mild congested portal veip (biack amow), the centml vessles are not congesied

{whitc omow), 1he sinusoids appear normal and the hepatocytes appear nosmat (bluc ‘|
2Pow)

|
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X400

X100
Platc 4.8: Photomicrography of kidney section for group 3 (CN+TA)

Showing poor architecture, the glomeruti appesr nomnal (white arrow), Ihe renal
tubules shows moderate tubular nccrosss (blue ammow). There is moderate vascular

congestion secn (black arvow), the inteestitial space shows no infilirttion (blue arow),
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X400

Plate 4.9: Phiotomsicrography of liver section for group 4 (VE only)
Shawing mild congested vessle (black amow) with e postal tract (wlsic arrow) also
Ppcr mildly infiltroled. The hepatocytes appear nonnal
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A00 X400

Plate4.18: Photomicrography of kidncy scction for group 4 (VE only)
Showing poor architecture. the glomeruli appcar normai (white arrow?), the renal
lubules shows mild tubular necrosis (blue arrow). There s vasular congestion (black

arrow).and the interstitiol space shows mild infiltralion.
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X400

Plate 4.11: Photomicrograpby of liver scction for group S (TA only)
the central vessie (Blue amow) is nol congested. no

Showing nomtal architecture,
¢ midly nlilrated (white arrow). No

vascular (black) congestion. the sinusoids appca

pathological lesion scen
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X100 X400

Plate 4.12: Photomicecography of liver scclien for group 6 (control)

Showing nannal architecture, the centsal vessic is nol congesled (white armw), no
vascular congestion, the sinusoids nc normmal without inliltration {slender arrow). The
moiphology of the heratocytes appcac normal (bluc arrow). No pathologicel lesion

XAl

102

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



X100 X400

Malc 4.13: Photomicrogmply ol kidncy section for conliol group

Showing normal archilecture, the plomeruli (wiiile arrow) 1s normal, thie renal tubulcs
containing distal convolulet btles (red amow) and proximal convoluled 1ubules (bluc

arrow) appcar normal, the intersutiad space appeir normal (slemsler amow). No

pathological Ieison scen.
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X100 X400

Plote 4.14: Pliotomicrograpliy of brasn scclion for control group

Showing nommal ccrcbellum, the conex (black amow) sppear nonnal, the hypoccllular
and geanuiar layer (bluc arrow) appear nomal, the purkinjc cclls (whitc aow) and
other neuronal cclis (slender armow) appear normal, No necrosis
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CHAPTER FIVE
DISCUSSION

This chapter discusses the results obtained from the body weight changes, organs-body
weight index in animals of various cxperimental groups and the controf. Furthcemore,

tesults MMom the hacmatological, biochemical and histopathological indices were afso

discussed.

5.1 Body wcight change of the trecatment groups

Weight loss or gain largely depend on the nutritional status of the animals throughout
the period of study which may result from decrease or inctease in appelite for food and
water. In this study, no significant body weight change was obscrved in animals fed
with sub-acute dosc of cyamde only, cyanide with Vernonta amygdalina and cyanide
with Tatinum triangnlare. Moreover, a significant increase in food and walcer
consumption wete observed in animals of group one and two respectively. According to
(Howard and Hanzal, 1955), in a 2-year fecd study in which rats were administered feed
containing hydrogen cyunide at concenttations up to 300ppm, there were no decreasces
in body weight gain. Also, administiation of potassium cyanide at concentrations of up
ta 300ppm orally to rats and micc for 6 wecks icsulted in no significant adverse clTccts

on body wecight in a study conducted by Philbrick et «f., (1979). This study is in

agreement with findings of these previous studies cited.

5.2 Orpgan-body wcight indcy of the treatnient groups
The organs wcight ratio in all treatments when liver, kidney, spleen and the brain were

considered in this cxperiment showed no significant dillerence when compared 10
conlol group. Although, Vernouia amygdalina cxtroct only and Talinum triangulare
extract only produced signilicant changes in organ-body weight index of the brain.

Peevious studies have shown that sub-acute exposure of potassiun cyanide in male rats

following oral administration of 7.0 mgfkg for 21 days did not produce any significant

change in body weight and organ-bady index of the animals according to Tulsawani ef

10§

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



al.. 2005. Also. there weee no clfect on the liver weight occurred when potassium

cyanide was adminisicred in the diet at dose of 200mgkg diet (Palmer and Oslon,

1979)

5.3 Ocular lesion and nasal discharge of the treatment groups

jn cyanide treatcd animals. ocular lesion and blindness result from persistent anoxia in
the brain. Visual and other neurological disturbances attributed to cyoanide genctally
occur When €xposcd to relatively high levels of cyanide or cyanogenic compounds.

jn s, however, the corpus callosum appears to be mote sensitive than the optic nerves,
whereas in humans, optic nerve damage is frequently the only central nervous sysiem
lesion {\Way. 1982). Numerous studics have implicaled cyanidc as the etiologic agent in
human ncuropathics. including Nigerian nutiitional ncuropathy, tobacco amblyopia, and
Leber’s optical ntrophy (Towill ed.al., 1978).

There were no visible signs of ocular lesion in all experimental animals treated during
this study: thesc findings could be as a result of short term cxposure of the animals to
sub-acute concentrations of cyanide. No nasal discharge was observed in animals of
group two, three, and four but slithy nasal discharge was found in 20 per cent of rals in

group one and 10 per cent of rats in group five only.

5.4 liacmatology analysis of the treatment groups

In this study, sub.acule cxposure of rats to cyanide did not produce any significant
hsematological changes but an increase in packed cell volume, hacmoylobin counts and
red blood cells were obscrved with the plant exuacts of Vernonia amygdalina only.
while extracts of Talinum triangulare only also caused an increase in neutrophils
parameters. In a study by Tulsawani ef. al., 2005, sub.acute toxicity of potassium
cyanide (KCN) in malc tats following oral administration of 7.0 mg/kg (0.5 LD50) for
21 days, varjous hacmatologica) and biochemical indices were determincd of er 7 doys

-acutc cxposure of KCN did nor produce any significant change in
crcatinine, aspdrtate aminotransierase,

of treatment. Sub
hacmatology and (he levels of blood urea.

|'ii°d°|hyroninc (T3) and letiviodothyronine (T4).
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‘ 5.5 Biochcmical analysis of the ircatment groups
Liver function cnZymcs; aspaflate Laasaminasc (AST), olnnine amino tmnaminasc
(ALT) and alkalinc phosphalase (ALP) arc useful biomarkers in the plasma. AST is
present in high concentrations in cclls of cardiac and skelctal muscle, liver, kidney and
erythrocytes. Damage to any ol thesc tissues may increase plasma AST level to about

70x 2 (Anonymous. 1976).
In this study, adult Wistar rats sub-acutely exposed (o cyanide, cyanide with vegetable

extiacts of Vernonia anygdalina and Talinum triangulare showed a compasable but not
significant changes in liver function cnzymes; aspartatc transaminasc (AST), alaninc
amino transamioasc (ALT). A significant reduction and increase in total protcin
respectively were observed in this study when animals were sub-acutely cxposed lo
cyanide with Talinum trianguwlare and Talinum triangulare only. Also, a marked
reduction in bilirubin level was observed when groop 2 animals were sub-acutcly

exposed 10 cyonide and Vernonia amygdalina at equivalent dosc of 30 mg CN' /kg/day

for 2 weceks.

5.6 Histopathological analysis of the trcatment groups

In 1ats dosed by gavage, highest concentrations of cyanide were found in the liver,
followed by the lungs and blood (Yamamoto ¢t al., 1982). The distribution ofcynnidc to
the various (issucs is ropid nod fairly uniform, however, higher Jevels arc gencrally
fonod in liver Jungs. blood. kidncy and broin (ATSDR. 1997; Ballantyne, 1983:
ECETOC, 2004; Getder nnd Bainc, 1938).

Histopathological conditions associatcd with sub-acute exposure of KCN can result
from diminished activities of cytochromc c oxidase in the brain aod rhodancse in the
liver (Tulsawani ¢f. af., 2005). Additionally, he also reported that KCN psoduced

various histological changesin thc brain, heary, liver and Kidney.

In (his study, a random selection of three animals (rats) ftom cach cxperimental gioup

for histopathological onalysis was carried out. The 1esults of the analysis of the liver.

kldncy, spleen and the brin revealed that, in group onc (Cyanide only). there were

visible Jesions; multifoca and lymphocytic degencmtion of the liver, congestion of

blood yessels, necrosis of tubular epithclial cclls and glomesulor cast in the kidney.
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while in the brain. a multifocal ar¢a spongiosis was presented, thereby indicating organs
damage was evident with ¢cyanide.

The 1ats in group two (CN + VA) after histopatological analysis had: slight fatty
degencration of the liver in a rat with no visible Icsion of the kidney in al the rats and
lymphoid deplction of the spleen in one of the rats sclected. The toxic effects of cyanide
poisoning are thought to result primaiily from inhibilion of tissue cytochrome oXidase
acliviry, with resulting histotoxic anoxia. In group three (CN + TA), focal centriolobular
hepatic necrosis and congestion of blood vessels of the kidney was observed in a 13t, in
experiments with rats (Ibtahim ez ai.. 1963; Lesscll. 1971; Lessell and Kuwabara, 1974,
Philbrick ¢f al.. 1979). cats, and monkeys, sclcctive destiuction of whilc maner in the
biain was a striking and consistent fcaturc of poisoning from prolonged exposure 10
cyanide.

h is also evident in this experiment that there were no visible lesions in the hver.
kidney, splecn and the brain when histopathological analysis was carried out on gioup
four (VA only). five (TA only) and group six (control) animals suggesting that both

vegetables have organs protective properties.
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CIIAPTER SIN
CONCLUSION AND RECOMMENDATION

6.1 Conclusion

yegetables play an impoitant role in human dietl they are important source of both
digestible and indigestible carbohydrales. They are also impoitant sources of” mincrals
and certain vitamins especially vitainin A and C, they are responsible for daily wcll-
being and protection (rom long term depencrative diseases (Achinewhu ef al., 1998).
The results obtained in this study suppest that both vepctables (Vernonia amygdalina
and Talimom trianguiare) cxtracts possess detoxification propertics. Both vegetables
have ameclioraling and prolective cflects on organs assessed in this study. Chronic
exposure 0 low levels of cyanide is suspected 10 be responsibie for various ncuropathic
and Lhyrotoxic conditions in humans, Data in the literature indicnlc that long and short -
term cxposure 1o near- lcthal concentrations of cyanide may produce lesions in rodents
similar to thosc linked 10 chronic cyanide exposure in humans. [orlicr studies which are
similar to this study showed higher production of hydrogen sulphide (rom eysteine than
from iso- quastilics of methionine or inorganic sulphale required cyanide detoxification
(Bird, 1972). The cpidemiologic evidence (or thysotoxic and ncuro- toxic cliccts of
cyanide aficr prolonged cxposure in humans suggests that a difference in species
%nsitivily to such efTects may exist between humans and rodents, and (urther rescarch
in this arca is warranted (Bird. 1972)..

Further research work is required 1o carry oul bieactivity guidet fructionation of the
Plants with a view to isolate, identify and characterize the molecule(s) responsible for

the observed biological activilies and dctcrmine the precise mechanism of actions

involved,

6.2 Recommendiition

The availability of these vegclables |
n capublec of pfoviding sullfanc- sulphur present  the

ternomia amygdatina and Talinum trigngitare

conlgining dictary prolci
Oppojtunitics of their values in the possible prevntion of condiuons associated with
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