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ABSTRACT

The poesible role of carcinogenic nitrosarmines in the
aetiology of human cancer has been disouseed by oxperts
(0. Baseir, Pera. Comm,; Eisenbrend et al, {9693; LiJjinaky
and Epstein, 4970).

A8 a reault of this apprehension sn aseeesment of the
level of contamination of Nigeria's loczl alcoholic beverasges
¥ith nitrosamines was oarried out. Uzing thin-layer
chromatographio and colorimetric techniques dimethyl-
nitroeamine and diethylnitroeanine were found to dbe present
in Pala Wine, Buruxutu, Pito, Oti Agbagba and Ogogoro in
amounta ranging from 20 ~ 900 ug/litre,

Although these smounts are amsll, histopathologioal
evidence ia preeented to show that the two nitrosaminee
found in the alcoholic beverages are potent liver sarcinogena
oexhibiting a clear - dose reeponase relationship.

Evidence ie also presented to show that aome of the
early bioohemicel chengee induced by dimathylnltroeamine
in the courea of liver damage include an impairasnt of the
bile pigment metaboliam, inhibition of protein ayntheais,
elevation of blood eughr and inoreased activity of Alkxaline
Phoephatags and aerva glutasio oxmlaocetats transaminase in
the bloo4.

The toxicity of dimsthylnitroeamine ia shown to de

repressed by dieta severely deficient in protein,
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1
CHAPTER ONE
INTRODUCTION

1. Chemietry of the Nitrosamines.

The autopey report of cirrhosis of the 1iver fn three

men working in a lsrge industrial underteling has drought
into 1ight a nsw group of chesioal carolinogens under the

II group neme of nitrosaminee (Magee and Barnes, 1956). Maay

workers now accept nitrosemines as onc of the most formidadble
and vereatile groups of carcinogens yet dieoovered (Druckrey
et al, 1965; Mages end Barnes, 4970), for they heve proved
effective in all animal specice in which teeta have bean
reported.

Ni troaaminee can be represented by thes general formula

Rl

nn
-k

They bhave in oommon the nitroeo group and an alkyl
group.

R!' = gy (CH, )n; (n = 0-4).

R* can be an slky]l,

Sy (CBy)n; (n =0 - 4)

c/,oczﬂ5; conm2; or oertain othor groups.
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The Hitrana-imen qre usually jreparoed from the rospeative
alkylacing oempounde by the aotion of nitrous aoid {Jutton amd
Keath, 1956; Heath and Mattooks, 1961; Ireussmann, 1962),
althuch other mathede can de uned, (Valierelol. 1972).

Rzm ” ‘mz RQR—B—-O ¥ nao'

quite reoently it has been ghewn that undor a well defined
p oendition mitrite and ceocondary amines ir plants oould reaot
te form the cerreeponding nitrosanine (upleise, 1969). 1Alee
beoterin have doem shown te nitresate céoondary anines, oven
under oonditions that would net percit a apontansous reaotien
bYotween the twe cempounds, te forn nitrosasinee (Sandar, 1968).

The aitrossnines are repreccnted by 00lid and yellev oily
gadetanos which wvery in their solubility. Cexe are mixihle with
wvater in all rreportiens, whils cthers are only slightly eelutle
fa—vater. The mitreeo group ip loet under aoid conditiomns with
rovesrsion te the ssooadary anino and this group almo confere the
aebaxtoteristio psennitivity to 1icht of these ocompounde,

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



R! Rf-\\
\ N-N=0 A41l. Aoig) B -2, + RO,
R"/ R"/

/

Rn Rll

Nitroeemines cen be roughly divided into two groupa,
one exemplified by N - methyl - N - nitrosourethane, which
ie unatable to alkell and which interacte at neutral pH
with sulphydryl groupe (Echoental, 1961) and the other
exemplified by dimethyinitroeamine and its homologues, which
ars otable to alxall and 4o not react with aulphydryl groups.

The anelysee of nitroeaminee have been achieved via
polorographio (Heath, 1962; Lyndereen and Fagy, 1967).
iodometrio (Gal at al. 1968) colorimotrio (Orieee, 1879;
Daiber and Preueemarm, 1964. Mohler and Nayrhofer 1968),
infrared (Mchler and Mayrhofer 4968), fluoresoent (Kohler

and Mayrhofer, 1969), epeotroecopio aa well ae aoid-baee

and decompoeition methoda, (Aeworth, 196L4).
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Hovever moet of these aethods omnnot be applied for trace
analyeis of nitroseaine in cooplex mixtures, e,g. food or
plant extraots (Preusesmann et al. 1967

Olean~up mothoda have therefore been developed very
recently by Eieenbrand et 8). (1969, 1$70s; 1970b). Ae
8 riret atep liquid-liquid dietridbution of nitrosamines wae
inveatignted to remove mainly lipid ocomponente 0f 8 mixture.
Theoir sxperiment chowed that the aystem sostonitrile/n-hsptene
is fevourable for thie purpose. In their second experiment
Bieenbrend 9% al. (1970a) inveetigated the reoovery of
nitroessminees by steam dietillation at neutral, slkaline and
acid pH under reduced pressura and atmoapherio preassure.
Bince many foodeturfs of snimal or plant origin oontein
nitrite or nitrate ss vell ae amino coampounds they suggeated
dietillation from en alkalins medium first to evoid the faraa-
tion of N-nitroeusine ertifeote et low pH. In the lset part
of their experiment thin-lasyer chromatogrephy of nitroeamines
was investigaied sa part of s olean-up step before

quantiteative estimation uaing sppropriate colorimetrio

procoedure.
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5
11. patrossmines in Man's Environment.

Despite their being well eetadblished oaroinogens
very little information i8 yet availadle on the oogurrenoe
of nitrosaminae in the environment. The gqusation whether
any human oeancer oen be attributed to their preeence in
the environzent either naturally or ea & reeult of unsuepeoted
chemioal reaotion has prompted the jqucet for them in aoma
food 1iteme.

A moet remarkable example of unsuepsoted formation of
nitrosaninee in the environasnt, in this way wae firet
indicated in Norwey. During the ysare 1961 and 1962 there
were in Norway outbreaks of toxio hepatoeie in ruminanta.
Kopang gt nl. (1964) indioated & oconnexion between the
diseaee and the feeding of a meal mmde from herring preeerved
with nitrite. Thie oconnexion wae oonfirmed by Bakehang et s].
(1965) who detectsd dimethylnitroeamine in the herring meal
eamplee Xmown te he toxio.

The high inoidenoce of oseopdageal oanocer in Bantu psople
in looalieed ereaa of the Tranexei, ainos 1940, haa dbeen
related toc eigna of molybdenum defioienoy in the leaves of
their plants which reault in aooumulation of nitrate in these
plantse. Theee and seoondary aminea present in them might
reaot to fora nitroeaminee (Druokrey et al. 1962).
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The firat positive result of ths adove hypetheiis has

been obtained with the deteotics of dimethylnitross-dme in the
fruit of eeslsnacecus bush {Jelarmm incenum) ky Dupleise (1966).

The queation ef tho ocourrsnoe of nitresumines in tedacoe

asd tebncoo exake has hoen reoceiving liorescirg attémtion
primrily dus to tho sscuned existemce ef a caisal relatianship
betweoan oignrette smoking and lung canoer, ircidenca, Althsugh
Heurath gt o). (1965) olaimed that nitmgaminss in tebacoe

gmoke are fermed in o tine depemSeont ea chamicol re«otica
socurriag in the vapeur phase asd after the oombusticm sone,
Druckrey (1964) assarted that the pessibility camnet be emtirely
elizinated that nitrosezminee in tobacoe mmoks eriginate at least
ia part frem the the matorial of the todacco plant,

Serfemtein mnd Hurter, {i966), describPed evidemoe far

the prefeace of nitreerzines iz tedbacoe mmeke oendenasate and
deteoted three nitrosamises in the cemdensate,

fertontein and Jmit, (1967), further deeorided evidence
for the ococurroace of "-nitrosamines in tobacoe and oonfirmpd
the existenoca of F-ritrveopiperidine.

The presence of nitreseminea in tedacoe smeks has alse

beem more reocently studied by Johnsen af al. (1968), : amd
Rhedeos and Derald {1972).
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Exazimition of noutral sneke oendemnates utilirirg a

highly selective gas chromtegrephic system revealad =2
deteotiable nitresamine peaks,

Recent etudies have shewam that hize-aule 'al=vi gin
centains nitrommaines (laglashan p$ gl. 1968) and
the pressnce of trace amcunte of nitrossmine in white fleur
has deen 0laimod, (Farquadt, 1965); confirmed (Kreller, 1967)
and deanied (Zhewlts, 1967).

Belene Herrmnn (1961) isclatsd and damtified 4-cetdyl-
aitrosarinebensaldeliyde sse a metabelic roduct fru= & culture ef

Gilitogzhs guiveeleng whioh im an ejible =mushrvam.

The diabeteiionio antidbiotic, etreptasvoin, iselated frem

Jdirooteuvoeg Arohromosyngs, haz bem: showa to be a
nitresamide ospadle ef induoing lindnsy twrour in meta (Avieom

and Pendale, 1967).

|'
:'l,' Analyeis ef voriocus food items, chesce, ceat, fish amd
bacon for aitresa:ine using o0lean up metiicda and mass s)eotrun
hive also boan very rooontly ourriod by Croalky et al. 09721

- e |
I
1

{a) [Jature o€ tho bielowloplly notiwe Intopsedista.
. lleveral verkers have shown that nitrenamines thangelwvwes
ure not texic tut that the notive rrinoipnle is a oetabdbolite.

Diavealkines have been miggeated to suit the theery of
carainofenedis bty alkylation (}izxmhi, 1961} ¥'ngee and
Soheental, 1954).
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The oytotoxic action of biologioal alkylating egente
particulearly the bdbifunctional compounde, is well known
(Lawley end Brookee, 196%5), and it seeme poesidls thet the
acute ocell-damaging action of the nitroso ooxrounde @ay bde
attributed to slkylstion. 2Thie esuggeation sa it relates
to the acute hepatotoxio sotion of tha nitroeemine has
received ooneideradle eupport from the work of Heath (1962).
Alkylation may aleso explain the mutiagenio axnd teratogenio
actions of the nitroso coapounda, sinoe aeveral diologiocal
alkylating agents are potent in both these aotione
(Loveleas, 1966; Fave, A. 1964). The position with regard
to mutagenesia, hovever, is fer from dbeing olear, end
eome evidenoe hes besn interpreted me indicating that the
nitroeaminea are mutagsnic by meoheniems other then alkylation,

A ressonable obJjeciion to alkyletion as the neoceeeary
and suffioient mechanism of ceroinogenesis by the nitroeo
compounds ie that meny of the well known biological
elxylating agents cannot be regarded ae powerful ocaroinogens
(Brookee and lawley, 1964).

From the fore-going discussion it is apparent that
alkylation 18 fsr from being established &s the oritiocal

intracellular reaction responeidble for the biological

ectivitwy of the nitroeo ocompounds,
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Feverthalens, Lare ccens sufriolent evidense froa &
wariety of eoerwes o Juatify the retention of ai*~latien
oF & vorting hypothenis %o explain the aetv(y 5f these
‘coapvends.

(%) masabolie Pevieays of FKiloessalhss
M ginitrosanine {s rapidly netabaelissd in

rats but selaboliss is festler 1o the socuse (Magee and
Sohoental, 1965). The compound {s uwitiforaly dlstribated
iz the bSoly socm after injeciion and setadelisa appeare

%o sormr satnly in the liver (Magne, 19%6). Rxperisents
with (YM2) e1me 1y 1aisrotanine sdoved 8 lares frestion of
e Soae of redtmotivity ls 01piced sa "‘mj turing the
firet Seenty-four hours after injectien (Dutton and Newth,
1956). 1 sntmals given ('O ) dimethyinitrossmtne (Heath
and Duttem, 1958), edosllular fracticns of liver, llver
grotein, mecleis satds and 1ipids, and acid-saluble
frestioms wore evenly and Lightly ladellsd. In the urine,
free Base wd “ro) mitrogem vere Boavily ladelled, Tesss
& wrins o it sweldbles fresticas of liver fwr Nydrestiae,
Wptrenide, “eViyisaine, sitrite, hyirenilasine, Wydrcaaads
88148, Ras) vere Begtive sEsept fur Wwses of setiylesise
§5 Jiver, met sere 1a wrise, seme of Wilek was darived fres
Claethy ad wreesnd
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The metaboliam of digethylnitrossmine was etudied

by Mageo and Vanderkar, (19%9) uaing tissue elicees and
homogenateo. Preparationa from liver deatroyocd dimethyl-
nitroesainse in the presence of oxygen dut the other tissuees
teated were insotive with the exoeption of kidney elices;
theae showed barejy deteotable aotivity. The ability to
deatroy dimathylnitrosaaine was found in the miorosomal

plue oell-sap fraotion and there was a requirement for
phosphopyridins nuoleotide. The me taboliea of dimethyl-
nitroessnine and diethylni trosaxins wam studied in grsater
detail by Zxmslot anA hie oolleuguee, (1960). Nioromomal
proeparation of ret liver produocsd formaldehyde when inoudbated
with dimethylnitroeamine (Rrouwers and Bmmelot, 1960), and

e siailar encyme oatalyaing the oxidetive F-dealkylation of
dimethylnitroeasine, with the formation of aocetaldehyde, waes
reported by Nierahi and Pamelot, (1962). Pre-treatment

with oyateine had e proteotive sotion ageinet 4imethylnitrose-
Rins dut not egeinet diethylnitrosamine {Emaelot and X¥ixrehi,
1961). Heath, {1962) studied the metadbolien in female rates

of dimethyl, diethyl, n-butyl-methyl and tert-butylmethylnitro-
eemine, vaing (1u0) - labelled snd unladelled oompounds.

yroa obgervations on the ratee of expiration of ladelled co2

and on ths mutual inhibition of oxidetion by diffarent

oompounda, he oconoluded that the nitroseminss ure not
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SOME POSTULATED METABOLIC PATHWAYS OF OIME —

THYLNITROS AMINE
CHa_ o |
{Hy C )y N - NO+ [0] - /H NO
; CHy
*
METHYLATING AGENT 4 . CHO
| POSSIBDLY DIATOMETHA Mg I
|‘ "-.‘

ACYE c, ‘pooL’

PROTN () — CO D '“*x
(b)) = C oy ' ,

e :
) ’ N\ sRINE LPtD
i | »
'.' (4 ]
\
RNA
\
\ — | —
% ADENINE AND
"\ GUANINE OF RMA
\ — P |
oM

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



13

themselvee toxio but that the toxio agents muet be prouduote

of oxidation.

iv. Caroinogenesie by KNitroeaminge

Fitrosaninee have been shown to be really "pre-oaroinogens’

that are metabolished into the ultimate oaroinogenio forme
whioh are eleotrophilio reactants (Price snd oo-workere, 1969).
£vidence for this oonversion to alkylating agente hns bdeen
discussed by Preuesmann, (1969), Druokrey, (1969) and Magee,

(1970).
The moat oritical oellular nuvoleopiflio targets of

oaroinogenic ni troesemines appesr to be the bases of nuoclei
acids and certain amino aoids. The resultant altered
DRA and RRA, and rroteine would thue initiate the oaroinogenio

prooees (Druokrey, 1969). The subeequent events that would

lead to the oharaoterietio neoplastio state remain eesentially
unoharaoterised. t present the four generel meohanieze, two
direot end two indireot listed in figure 4, appear to be the
prinoipal hypothenies that are under eXperimental tests.

Any of these nmeohanism or combinations thereor may acocount

for the way in whioh a ocaroinogenio agent operetee (Miller end

Miller, 1969).
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A_UNIFYING CONCEPT OF CHEMICA CARCINOGENESIS

( Mills and Milts, 1969 )

PRECARCINOOLENS

METASOLISM
CARCINOOENIC ELECTROPWRIC MEACIANTS
(ULYIMATE CARCINOOEN)

B A——20 o n' { A
R’ —a —01

PIiadlo Mg re TS a4l

Y YV XY "N}

* b W Wit ol@Y
4@l AW @ eddtiiwi
Bels ¢OLIWL AP (Chvesdotald

G NET! ' ug ErrEet

ORECY: MUTATION / CHANGE IN OCNOME

CXPAESSI10N

INDIRECT ACYIVATION OF us SELECTION OF LATEN?

\\ \Ah ,//rum CELLS

N

NEOPLASIA
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SCHEME FOR THE REACTIONS OF DIALKYLNITRQSAMINES

AND ACYLALKYLNITROSAMIDES EVENTUALLY LEADING TO
ALKYLATING INTERMEDIATES.( Druckrey el ol 1969)-

OIALMYL = NITROSAMINE ACYL — ALNYL —NITROSAMIOES
O> N\
N=— CH) - R
n'—-ﬂzc
ENZYMATIC
o C— HYDROXYLATION
h Oa N 0»“”\
\N—cn —~R N=CHy— R
\y 2 ‘h-./
R'— cH » P
N ~o H
OM
& o= y
— ALDEMYOE HMETEROLYSIS OE-ACYLATION
0 HO — N
* \ e
\
-~ N
MONALKYL - NITROS AMINE DIAZOHYDROXIDE
l o ‘“"/\:"
0
+H
NeN=CH—R === N m N —CH2 —R 0-N=N —CH,—R
DIASOA LKA NE ALRYL- OIAZONIUM OIAZOTATE
Na + C@*‘ R
ALMYL ~ CATION
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(a) Dialxymitrosssinasa.

Diethylnitroeamine has proved to be a very potent
liver osroinogen (8choental et al. 1960). Extcneive
quantitative etudies (Druckrey et sl. 1963) revealed
oleer dose-reaponse reletionship down to a daily doee
of 0.75 mg/kg. body weight. Even in guinca pige,
formerly ooneidered resistsnt to oeroinogene, hepato-
oullular oaroinome have been produced with the sarxe
regularity es in rats (Druekrey and 8teinhoff, 1962;
Argue and Hooh-Ligeti, 1963).

All other symmetrioal diaikylnitrosamine up to the
diaxyl oempound, aefter oontinuoua oral edministration to
rete have been shown to produce liver oaneer with
desoreesing potency (Druckrey, 1967). The only exoeption
wee di-n-butylnitroeanine, whioh produced caroinomaa of
the urinary bledder. Bioohemioal studies revesled that
soluble metabolites are exoreted in the urine in high
oonoentration; probebly oaupled hydroxylstion produote
(Drunkrey st 8i. 1968).

8inoe hydroxylation ococurrsd reinly in the liver
Druokroy gt al. (1969) ettempted to evoid the liver

by oub=cutanoous injeotiones.
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With dialkyinitroeaminas, not one single loceal earcost
wae obeserved et the eite of injections, during

several experiments. 8ub-cutaneous injeotiona of
dibutylnitrosanine produced bledder cesncer in ell
treated rata. With the dieayl ocmpoun? however, blasdder
cancer waes naver observed, but cercinomaa of the lungs
were seen (Druokrey end Prensemann, 1962).

The non—-eymmetric dialkylnitrcsesminee induced
carcinoasze of the oeaophague with high regulerity
(Drunkrey st 8l., 1963). 8imilar results were reported
by Weieburger and hie colleagiss (1966). Druckrey &% al.
(1969) showed in their experimente that the methylalkyl
ccapounda were the moat potent ceroinogens in thie group.
™e sffect wea coampletely independent of the route of

edminietration.
¥ith oyclic nitroesminee, agein organotropio affeote

were obeerved. After orel edminietration
R-pitroeopyrrclidine produced only liver cancer. The
next bigher homolognees, nitroeopiperidine, es well ee

N. 8' = diniirocaopiperidine, however, led to oercinosae

of the oesophague. After sub—autanacus injeotions
in raie Yoth compounds produoed carcinomae of tle
oethuoturbinslise snd neurocetheaioepi theliomae of the

olfectory nerve (Druokray st al.
1964). The same tumoure
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have been obeerved by Harrold {1964) in golden hanaters
after sub-cultaneocue injeotions of dietbylnitrcsamine.

(b) Acylelkylnitroeamides.

After sub-cuteneous injections in rets, local

sarcomas have been observed with seversl &cylaliyl-

L nitroeamides (Druckrey et al. 1966). Additionally, the
very unstable phenylnitroeourea wae &l8c active
(Preus. menn et al., 1968). Methylnitrosourea painted
on the ekin of mice, rats or hemsiere proved to be a
very strong topical caroinogen in experiments of Graffi
8% 8l., (1966, 1967). W®hen given by oral route,
seversal acylelkyinitroesamidee produced carcinomes of the
fore stomach in rata (Druckrey &% al., 1961 end 1967).
In guinea pigan, einoo thes whole atomach ie glandular,
adenooarcinoasea of the stomach and panoreea have besn
produced in high yield with methylnitrosouree and
methylnitrosoursthane by Druckrey and hie colleagueas (1968).

In order to avoid local carcinogenio effectes,

expoeriments wore performed with intra-~venous injeotione
in rete. They reveiled striking organotropic effecta.
Methylnitrosourethane, even at a dosage of 1 mg/kg.
body weight once every two weeks, regularly produoed
cercinomae of the lungs (Druckrey ot al., 1967).
Nethylni trosocurea, by contreat, proved to be & earoinogen

highly epeoifio to the brain end in aome ocases also to
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the apinal cord (Drunkrey 9% al.., 1964; 1963).

Thie result was oonfirmed by Thomse and so-workera
(1967) ,and by Stroobendt and Bruncher (1964) eund in
rabbite bty Janish and 8chreider (1967).

Both oompounde, methylnitroesourees and methylnitroure-
thane, after deaoylation yield the saze proximal caroinogen
narely diszomethane and methyldiazonium (Druckresy et 81,,
1969). Therefors, tho reaspective arganotropio effeote
are to be attridbuted to the whole as the Ytrensport form".

Neurotropio effeote have zlso been found with
ethyl- dimethyl-, and trimetbylnitrosoures, producing
ralignant neuroepithelisl tumoure of the breain, the apinal
cord, and the poripheral nervoue syetem (Ivenkovio et al.

1965).

V. ohem icH

(a) Methyletjon of Huclaioc Acide

Dimethylnitroearins has dbeen ahown to methylate

liver proteine and nuoleio aoide in the intect rat and
in rat and husan liver alioces using (1h0) dimethylnitro~
sanins (Magee and FParber, 1962; Magee and Hultin 1962).
A lerge part of the rediocsotivity incorporated into
protsins wee present as methylated hietidinss, and moat
of the sotivity in the nmucleio soids wees 7-nethylguenine,
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this 18 oconeietent with methylation in vive (BProckes and

Lawley, 4964). Labelling of the ribonucleio acid (RWA)

and deoxyribonuocleio scid (DNA) of the kidneys alao

ococured and was shown to be largely due % 7-methylguenine,
but quantitatively ineorporation was considersbly

lower than in the liver (Craddook and Megee, 1963).

More recent work by Lawley snd Brookse (41968) haes demon-
etrated alkylation of nuoleio acids on adenine end

oytoeins moietiee., MNethylation of RRA and DNA in rat

liver and kidney reached maxiaum levele about aix

houre following injeotion of neorotising and non-nsorotizing
dosee, after whioh there wao a eharp fall, These resulte
suggeeted that very little if any of the inocorporated
methyl=group could rsmsin for more than a week, but the
peraiatence of minute smounte ocould not be exoluded (Craddock
end Magee, 1963). The typiosl methylation reaotion slaso
oocurred in mouse, hamater and guinea pig liver RRA, and

the reaotion can be demonatrated with (38) dimethylnitro-
eamine as well as with (11‘0) dimethylnitrosamine. The
dietributicn of methylation aa meassured by 7-methylgusnine
in RFA was studied in severasl organes of Wiaster rate and
BALE/C mioce, following injeotion with lsbelled dimethylnitro-
agxine, In both epeociea tha liver ehowed much the highest
level of m8thylation; thia represented about 1-2% of RKA
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guanines into 7-methylguenine. In tho ret the orgen
ehowing the next higheet lovel wae the kidney, Tollowed

by the lungs end then the spleen. The equrmous etomsad
showed muoh less, while the panoreas aniA ths emall inteatine
ehowed slmoat no detectable zethylation. Yn the mouae, the
pattern of methylation wee similer exscept that the lung

RNA had the higheet level of methylation efter tha liver

and the kidney very muoh lese. (les, 11 Jineky ard MNagee,
1964). Ethylation of liver REA ocowred in rate trested with
(“‘O) diesthylnitrosemine, and ueximal ingcorporstion of

1abel from this compound oocucred 24 houre after injection.
Methylation of rat liver REA folloved treatment with n-dutyl-
(“‘c)--atwlnnm-uxm but not with tert-butyl-("‘O)-nt.hyumm

ond not vith ethylnitroezaine (Magee and Lee, 1963, 196k).

(b) Inhibitien of Protein Byntheais.
The inhiditory effeot of dimethylnitroeamine on
the incorporuticn of amino ecide into proteins of rate

liver in vivo was reported by Megee (1958). Inoorporation
of ﬂ‘c-cnno e0ide into liver proteina waa reduoed by
about 50% Ly three houre after a neorotiesing dose of
dimethylnitrosamina, the extent of the reduotion dbeing

the 283? in the differsnt sudoellular freotiona of the liver.
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Incorporation of aaino aoids into kidney and eplesen

proteine was unimpiired. The action of dimeiliylnitro-
eapine on protein syntheeie was anaslyeed furthsr by
Bultin ot sl. (1960) using in vitro technique.

1hc into proteins of rat liver

Inocorporetion of valins -~
8licee in vitro vas inhidbited by pre-inoudbation of the
elices with dimethylnitrossnine at concentrationa of

about O.1aM dut inhibition was observed with kidney
slices. Insorporation of adenins -~ 1“0 into RRA of rat
liver slioes in vitro was alec inhidited on pre-~incudation
with diethylnitrosamine. Brouvars and Exmelot (1960) aleo
observed aarked impairment of the anino acid inoorporation
eyetem of the combinsed =icroeomal-eoluble fraction

of liver from rets treated with dimethylnitroeamine

and they found further, no signifioant impairment of

the reaction between lsuoine - 1“0. and soludble RRA

(BRRA) 1in the presence of the pE~5 enzyme eystem of

the supernatant fraction. Thie indioated that the
iapairment of protein synthesis involved tranefer and the
incorporation of the emino eacid from the S8RRA to the
microsomsal protein rather than st an earlier stage,
Brouvers and Emmelot (4960) conocluded that the

inhibitory affeots of dimsthylnitrossmine on hepatioc

protein synthesie is rather epeoifio esinoe respirstion,
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glyvolyeis and a number of other auQymtio aqtivities

sere nit lapeired under thelr exporissntal ecald!tiane.
Banelot and Mimrhahi (1961) reporcad tast supentanscus,
injection of eysteine prolenged the livers of rate
treated with dimethylnil trossaine mnd reduced the
inhibition of protein eynthesis from tis liver. The
group (Imselot g% g). 1962; Misrebi and Bmmelot, 1963,
1963), ahowed that aysteins does not protect sgainat
the toxioity or the ingibiticon af amido socid insorporstion
dus to dimethiylnitrosaaine, Jyatesamine exerted o
grotective effect uwpuines iniiibition of protein systhesis
by both dimethyl~- and disthyl nitrossaines, dut tnie
ocmpound hed no effect au the enaymss reidponsidble for
the astabolisam of eithsr ccapound.

The aechanisam of ths inhibition of inocorporstion
of aBino 801ds bus been furthsr analysed dy Migruhi end
Zamelot, {1964), who mhowed that theare could de lose of
nesessnger RMi (mRNA) froa the polyribosomse in the
livere of dimstihylnitrosamine-trested reata. This wvomld
be consistent with the sppearance in the eleotron
microsocpe of detaohed ridboeomse lying in the oytopdesaio
matrix snd lscking the aggregate struoture oharsoteri etic

of polyeomes.
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The reeponse of the post-mitochondrial frecticn,

(12,000g. eupernstent), and of ridosomes LfIrwe a ccntrol
and dimethylnitrossnins-~treated rats to syntactio
meesenger, polyuridylio ecid, wee tharefore tested.

ihe incorporstion of phunylalanina-1kc wes atimulated
to a grester extent in both typos of preparation frma
tho trasted rats than from the oontrols, suggeating
that aveilaeable eaitee for cxogenoua measenger RRA were

saturated et lower conoasntrations of poly U in the

control then in the treated proparationa. The inoorporatian

pattern of the ribvoeoses froo thse dimsathylnitrosamino
treated rate resomdlod thet of normel ridoeomes
efter pre-incudbation or tresetment with ridonuoclesss,
conditiona known to convert polyribosomaa to BmAalisr
AE8regdtes and esingle riboeoxea through the loes of
RERA. Purther evidince that aRRA ie lost from the
treated preperations was obtained by euorose gradient
oentrifugntion of rido! somel compoasnta. The number
and eize of the ridboeonsl aggreguntes were deoreassed
and there xas a corresponding increesee in the nuamber
of emaliler aggreguntes and riboesomsl monomere .(808)
in tho dimethylnitrosamins treated ret liver, as

ocoaparcd Wi th the ocontrol.
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In their loter work Migrahi and de Vriee (1263)
obeerved that a further dbreakdcwn of polyriboescacs from
livere or rate treuted five hours previouely with
dimethylnitrosaaine ocouaed during incudation in
experimente on amina aoid inoorporation into protein.

Ko oignificant inhibition of incorporation of P32 into
nuolear or oytoplaemio RRA wae found in the livers of
treated rate.

Villa-Trevino (1965) obeerved progreseive breakdown
of the riboaomal aggregatee which wse deteoted ons hour
after ndninietration of dimethylnitroeamine; the exteant
of breakdomsn wae proportional to the degree of inhibition
of protein eyntheeis. Thie breakdown of mioroeomal
Bggregates wae not accozpanied or preceded by inhidbition
of incorporation ¢f crotate into nuclear RRA, therefore
tvo houra after adminiatrat ian of dimsthylnitrosamine,
wvhen in vivo incorporation of leucine wae deoreased by
48%, no eigrifiocant difference wae obeerved in orotate
inocorporation., The greater etinulation of poly U of
incorporation. of phenylalpnino - 11‘30.,h¥ riboeoxea from
dimethylnitroesmsine-treated rat livers waes conrirmed by
Mager et a). (1965a), who suggseted that this refleote

an increaeed availpdbility of the riboaomsl esurfaoce

for interaction with exogenocusly eupplied coding agent

-ho‘oo p°1y °)¢
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They presumed that the dsetruction of ssessenger XA

bound to rivosomes and consequent unmssking o noraally
ecreenad comhining sites can account both for the
excessive arfinity of the eystem for * poly U and the
concomi tant decline of ite intrineio smino acid
incorporation activity. Theee rinAings (Mimrahl and
Emsslot, 1964, Mizrahi and de Vrise, 1965; Vvilla-
Trevino, 196%5; Mager ef 8l. 1965,, led to the suggestion
that there may bhe sccelerated breakdown of meeesnger RNA
in tis livers of treated animsls. Thie might be a result
of alkylation of messonger RNA, a poesibility that
received support from the demonetration of Villa-Trevino
(19658) that purified liver nuclear RNA is methylated in
the dimethylnitroeaminc troated rat.
(¢) Effeot on Livor 0lvoogen.

€ix hours atieor 8 neorotising does of dimethyl=-
nitroesamine to rate ¥agee (1958) obeerved a reduction
in the level of the liver RRA but not of DRA or totsl
phospholipid prosphorus, As the liver leeione developed
there wvas an increass in stainable and chemiocally
deterained lipid and carked loes of glycogen. Three
hours after a necrotising doee, however, the level of
liver glycogen vas only slightly reduced and the
difference froa the control leveles wae not atatistioally

i
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They presumed that the daetruction of meeeengsr 2EA
bound to ribosomee and consequent unmasking of normally
screennd combining sites can account both for the
excessive affinity of the syetem for . ' poly U end the
concoal tant decline of ite intrinsic axino acid
incorporetion activity. These findinges (Eizrahi and
Bamelot, 1964, Mierahi and de Vries, 1965; Villa-
Trevino, 1965; ¥ager et nl. 1965), led to the suggestion
that there may be soccelerated dreskdown of mesaenger RNA
in the livers of trested aniwels. Thie might bde e result
of alkylation of meonecnger RNA, a poasidility thet
received support from the demonstretion of Villa-~Trevino
(1935) that purifiod liver nuclear RNA is methylated in
the dimethylnitroeamine treated rat.

(o) Erfect on Liyer Glycogen.

81x houre after a neorotising doee of dimethyl-

nitroesamine to rate ¥agse {1958) obeerved m reduction

in the level of the liver RNA bdut not of DRA or total
phoepholipid phosphorus. As the liver lesions developed
there vas an increaee in stainable end chemically
detcrmined lipid and marked loss of glycogen. Three
hourga after a necrotising dose, however, the level of
liver glycogen wae only elightly reduced anmd the
difference from the oontrol levele wae not etatietioally
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eignifioant (Bultin et al, 1960). Emmelot arnd Benedetti
(1960, 1961) reported progreseive loee of gl¥oogen
from livere of rate treated with dimethylnitroeeaine.
The lose of liver glyoogen could be very largely
prevented by prior treatment of the anizale with oyscteine
(Emmelot and Mizrahi, 1961). On the other hand, oyeteine
gave no proteotion againat the glycogsnolyeie induoced
by diethylnitroeamine (Mizrahi ord Eamelot, 1962) but
cyoteamine treatment greatly reduced ths lose of liver
glyoogen; this effeot wae counteraoted by the nitroeaminee,
suggeeting a amutual eliminntion of eulplyiryl oampounds
and nitroeaamine metabolite (Mizrahi and Emmelot, 1963).
(a) Patiy Liver.

The mechaniesm of production of fatty liver
by dimethylnitrosamine in the rat wae investigated by
Rees and Shotleuder (1963). They found no eignificant
ohange in total 1ipid, triglyooride, oholesterol, or
phoepholipid in the livere of rate five hours after
dimethyln!trossnine (100mg/kg. boSy weight) but at 22 houre
the totsl 1ipid wae about twioe the level of the controls.
The increase wae due to a 5-fold riee in triglyooride
of aholesterol or phoepholipid. The authore conoluded
that inhibition of protein eyntheeis by dimethylnitrosamine

preoceded inhibvition of seoretion of triglyoceride from the
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liver by several hours but that the socumulation or fat

is not solely &ue to reduotion in lipoprotein aynthesis.

(e} EpayPe Aotivity.

Rece ¢t al. (41962) studied the leakasge of

' liver enxyree into the serum of rate poisonsd with

| dipethylnitroeamine 100 mg/kg. body weight. Berum levele

| of isocoitrioc dehydrogenase were raised at eix houre and
oontinued to rise up to 24 hours. Clutamio dshydrogenase
ehowed little chonge until 24 hours, when it also rose.
Theee ohangee in ssrum enzyme ocatent were reflected by
loses of iscoitrio and malio dahydrogenaee aotivity of
the liver homogenate and they were aainly dus to losses
from the extrarmitoohondrial oytoplasmio fraotions with
l1ittle mitoohondrial loes. The inoreasee in llver 1lipid
induced by dimethylnitrosamins was oonfirmed, Keither
previoué sdrenaleotozly nor treatment with the sntihietamins
drug phenergen pravented the leakage of the enzymee into
the serum or the development of liver neoroasis. Relesse
of lysceomsl anzymee was not odserved in the early
preneorotic stage of liver injury by dimethylnitroseaine
and it wes oonocluded that the lyesomes prodably play no role
in the sarly development of liver necrosia dbut they may de

iovolved in the loter soavenging prooonea.(elntter and

greenbaum, 49685).
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Holae and Gorlich (1964) studied changes in
metabolic rate and aotivity of the glycolytic enzymes
in rat liver during carcinogenssis by feedine diethyl-
nitrosamine for 120 Asys. Enzyme activitliocs were

) expressed per liver weight and milligrame of protein

B in the homogenate. The liver weight increassd during

feeding but there wes little damage in recpiration of

slices of homogenates of liver proyared et intervale of
two weeks. Aerobic glyoolyeie increased in liver elicee
after the rate had received about 600 mg. diothylnitro-
ssmine and then remeined on a steady level, but in
homogenates there wes little change during the period.

Anererobio glycolysie only became definitely raised in

8lices toward the end of ths feeding poriod while the

homogenates showed an early fall in level followed by

8 8light riee during ths last weak.

The induction of enzymes in the liver during
carocinogenesies Ly feeding N-nitrosomorpholine was
etudied by ¥roger and Greuer (1965), who nloo mnde a
perallel hiatological study. The animale received
10 mg. Jor kg'. body weight of the carcinogen daily in
the drinming water. Bubstrate induction of tyroeine-
2-0xogluterate traneaminase vas reduosd after about

tventy daye on the oseroinogenic regime and that of

tryptophen oxygenaee after 70 dayes.
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MODIFICATION OF DEOXYRIBONUCLEIC ACID 8Y
METABOLITES OF THE CARCINOGEN DIMETHYLNITRO—
SAMINE

N-NsO

l METABOLISM IN LIVER

\CH? HIGHLY REACTIVE INTERMEDIATE

l REACTS WITH DNA IN THE CELL
\ v /"I: A D MODIFIEO DNA
T G | 3
¥ : £= I \1
! i )\
¢ ¥
) Gh T '
A o \\_.;.
] v
* CHEMICAL BREAKDOWN OF DNA
A 1
A [
AN PN .. MODIFIED GUANINE
Rt o%i.C N-H (7~ METHYLGUANINE )
I I L FROM DNA
N C /

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



e — ee— e ——

REACTION OF N-METHYL - N'=-NITRQ -N -NITROSQ -
GUANIOINE WITH A LYSINE RESIDUE OF A PROTEIN
_MOLECULE  (Lawley,1965)
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vi. Pathological Effeots

On the whole there ie remarkably little publiahed
work on the acute leeiona produced by the osroinogenio
nitrosaminee, but eome detailed studies of the liver in
animsels given dimethyl - and diethylnitrcoaxine heave

been aade.

In rate after 20 ng/kg body weight dimethylnitroeamine
a pallor of the cells in the oentrilcbular and mid-gone

region of the liver developed and progreseed so that by

1€ bhours, the oytoplasm was amocrphous and vaouolated and
the muola: waa pale end irregular. Neoroeie of theee
celle wae completed by 24 houre and confluant areas were
frequently haenorrhagic. The haemorrhage was more
pronounced by 48 hours end polymorph infiltration was
prominent. By 72 hours the repair proceeees wvere in
full sving and the necrotic areas contracting, nnd within
3 woeke repair and restormtion of the liver tissue waa
almoat complete {fMoges and Barnes, 1956). Tho soute
leeion in the liver of the dog, &duae, and radbdbit ehowed
a eirilar pattern. A veno-ocolusive leeion involving
the hepatic veins might alao be deen in rate 10 Aays
after an apprroximate LD50 doae (Molean gt gl. 1965).
Under electron miorotoope ohanges oould be seen in

the endcplaemio reticulum of eome liver cells within
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3 hours, after a dose of 50 mg/kg. body weight

dimethylnitrosamine intravenocusly. The endoplasamic
reticulum was awollen and ridbomicleoprotein particles
wore detached from the mempbranse. The nuclel,
mitochondria, miorobodies, and golgi apparatus vere
unaffected. These changee progreseed markedly within
the next 13 hours (Emmelot and Benedetti, 1960, 1961).
These changee in endoplaemic reticulum induced by
disethylnitrosamine have been confirmed bdy Enkherjee
et al., (1963), who correleted the electron microscopio
changes with stinmulation and depreeeion of amino acid
incorporation producod by different doses of dipethyl-
nitrosamine. De Msnn (i964) was able to show that
cortiaons could protect tho endoplaemic reticulum to

sops extent from tha damege produoed by dimethylnitroeamine.

vii. Mutasgenesin.

Many osrcinogenio nitroso cospounde hsve bean
showvn to bo mutagenic as well. 7The nitrosamides (o.g.
nitrosouretizne) are active in vieia gada (Kiblmann,
1960), ophiostoss, (Zetterberg, 1960), and Drosophilla
(Rapoport, 19u8; Pasternak, 1963). Methylnitrosoursthane
proved more sotive in Ssocheromyoes than ethylnitro-

sourethane (Marquerdt ct al. 1963). Dimethyl - and
Dietiylnitrosamine sre mutagenio in Drosoprila,
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(Pasternakx 1962; 1963), but inactive in bacterie
(Geissler, 1962) end in Neurospors (Marquardt, S8chwaier
end Zimmermann, 1963). Diazomethane iteelf is also
knosn to be mutagenic (Rapoport, 1949).

The mechanism of mutagenesis by nitroso oompounds
hes been discussed by several authors. FPaeternnk (4964)
suggeeted that an identical =olecultr mecohaniem may
accoun?! for both the‘carcinogenic and nutagenic activity
of the nitroeo oompounds. Marquardt et al. (1964)
aleo concluded that the mutation induced in S8accharoayoes
cerevisiase W nitrosamidee is likely to be aus to
mothylation resulting in the formution of 7-methylguanine.
Rahag ct 51, (1966) coapared the mutegenic activity ef
dietlylni trceazine and nitroeourea in Droaophilla.
Althoug:: wiere wus & broad elailarity in the mutagenio mode of
action of the two ocompounds, sore detailed ansgiyeie of
thelr results revealed differencea whieh were difficult
0 explain by asiezple ethylation of genetio material.
They euggestad that either the compounds themselves er
products of their metaboliem, ether than diszomsthens,
must be playing e rele in the initiation or subsequent
stabilisstion of certain -utatione.' They pointed out
tiat the astabolic production of eldelwyde and reduction
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Produo te suoh as ths oorreeponding hydraginee or

hydroxylasinea, 6ll of which ere knmown to be mutagenio
in some systems, may be important and should not de

excluded.

vill. Teratogenesis.
K-ni trosomethylurea (Kreybvig, 1965) end

K-nitroaqthylures (Druckrey et al, 1966) are potent
teratogena, and both con induoe tumoure in the progeny of
rats treated during pragnancy. The high incidence of
tunoure of the central and peripheral nervous system

induced by H-nitrososthylures was remarksble. By

contrast, dimethylnitrosamine was reported not to

have teratogenio action in the rat dbut to induoce

renal axd other tumcure in the progeny of pregnant femsles
treated during the third weekx of pregnancy (Alexander, 1968).
A poseidle explenation of thess results was advanced by

Magee (1969). The developing embryo, at the stage when it ia
nost susceptivle to tsratogonceis, laokas the metabdbolic
capazity to deconmposs the nitroeamine, but st a later

atags na2tabolism of the nitrosaamine may oocur to yleld
suffiolent carcinogonic yroduote to induce tumocure.

The new dborn rat s capible of metadbolising dimethyl-

nitroazaine during the first twenty-four hours sfter

birth (Les and 8pencer, 1964 Terracini snd Mages, 1964).
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ix. Inhibitore of Nitroeamine toxioity.
Aminoacetonitrile has been reported to prevent
the inhibition of protein eyntheeis induced by disethyl-
nitrosamine (Puime, 4964). Thie lathyrogenio agent
partially protecte the liver ageinet the neoroeis
induced by the caroinogen (Fulme, 1962)}. Injection of
aninoacetonitrile daily for tro days vefore and on tho
aame day aa dimethylnitroeamins aboliehed the inhibitory
effeot on protein eynthoeis. Thie antedotal offeot on

protein ayntheaia was further studied vy Weger ot al.

(4955) wro found that tho protective action could be
obtained uhen tue azinocaocetonitrile was injected 12-20
houre bYerfore the dimethylnitrosanirs dbut not when injected
two how:'s before or simulianaously with the nitroaanine.
Addition ol amlmoucdionitrile to the in vitro
pregsrations ¢id not reverse the inhibiticn. The
behavisur of ths in vitro syeten was deterained by the
origin of the microsoines and was independent of the
souroe of the supernatant fraotion indieating that the
sita of both the intracaliular injury and the proteotive
affect are in the aicrosomil pertioles thue confiraing
the obsurvationa of jicltin at pl, (1960). ’re-treatment
si4h mminoscetonitrile also reauced the responge of the
Sucrosomes rfrom tne nitcossmine livar to the additien
of Poly U.
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The authors interpreted their resulta to imply =
"etabilising" effeot of aminoacetonitrile on ilg
riboeomal particle, Fuime and Raffia (1965) have reported
that aminoacetonitrile inhibits metabolisa of dimethyl-
nitrosaaine.

It has been reported that a protein~-free diet
protect rate against acute dimothylnltrosamine poieoning
(Mclean end Verschuurene, 1969). The mso was algost
doubled and indices of the liver dsmage show the same
trend. Diméthylnitroeamine toxicity has also been shown
not to be enbanced by starvation and there is evidenoce
of 1ight reduction in the toxio effects in starved
animals (Mclean and Verachuurene, 1969), Protein-free
diet reduces ths rate of dimethylnitrosemine metadboliam
both in vivo in the whole animal and in vitro in liver
slices (Bwann and Mcleean, 1968). The reduction of
dimsthylnitrossaine toxioity arfter feeding a protein-
free diet amight be attributed to this reduced rete or
catabolism in the liver. However, the failure of DD?T
or phenobarhitone to reverse the “no protein" effeote
(Molean =2nd Versohuwureme, 1969) euggeste either that
the rais of dimethylni troeamine metabolien is not
affeoted by these inducers of miorosomsl hydroxylating

ongymo activity or else that liver demmge does not

depend oo the rete of dimethylnitrosamine metaboliem.
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The first seems poaaible though unlikely fn viss of the
finding of Orreniue, g% al. (1965) thet phencharbitons
injeotions inoresse mioroeomsl oxidationa ueing
dimethylnitrossmine ae subetrate. The second and mors
1ikely explanation ia that neither the retas, (Hesth ,
1962) nor the amount of dimethylnitrceamine metabolieed
in the liver ia the predoaminant faotcr in dimethyln$ tro-
eamina liver demage. Dimsthylnitroesmine, efter
oonveraion to a toxio metabolite auch se & carbonius ion
auet attack oell sites whioh Lecome aocoessidble, or ere
proteoted, depending on the previous diet. The nature of
the ocell eite is not olear. It has not been shown whioh
of the many alterationa in the oell produoced by feeding
@ protein-free diet, ie the one that hae produced a

proteotion agrinat dimethylnitrosamine (LiJjinekxy e al.
1968) .

X ne ce o une eria.

It hae bean ooneidered appropriste at thies point \
to revigw the canoer situation in Nigerias in an attempt
to further Juetify the need for this reasearoh.

Bomd Oof the earlieat eurvey of the inoidence of
oancer in Nigeria wee oarried out by Saith and Elases
(1534) who reported a large aeriee of ossea Oof milignant
diseesee., They analysed 500 tumoure whioh had been
reoceived and histologioally examined at tbe MNedioasl
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Reaearch Inatitute, in Lagpes, over the eight years
prior to 1934. Their enalysis went no further ihLhen a
claasification into morphologicel types and acoording

to regiona of the body, with e ahort note on age
diatribution. Thay found that prismry liver carcinoma

had constituted 6.4 peroent and tumours of the female
genitelia 6.8 percent and tumoure of the skin 18.8 percent.

Saith end Elmere aleo recorded forty meloneclio
aarcomaa, thirty orf them being situated on the foot,
and ten oesees of kapoai's esarcons.

Theea findingas are not only valusble indicatora
of the tumoures seen in 8outhern liigeria forty years ago,
but provided at the ssme time a previaw of tho present
eituation.

Ho account of the Figerian situation appeared in
literuture again until 1947 vhen Elmes and Baldwin
published an analyaia of 1000 tumoura diagnosed in
JLagoa. Tha pariod coverad froa 1935-1944, end the
epalysie wea once more baaed upon biopay epeoimans
aenpt in froa all over the country, with the sddition
of a nunber of locael autopay examinationa. This series
did not differ materislly from the carlier one in terma

of the relative frequency of the mnajor tyypes.
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Once agerin, the promainenoce of primary liver oanoer

in Nigeria was apparent (8.1% percent of the tctal and
nelanoma §.2%K percent. 122 of the tumoure (12.2%)
had been squamous epitheliomae of the skin and the

aesooiation of thie common tumour with chronic leg

uiceration was noted. 100 oarcinomss of the female

. genitnlis were diagnosed on the whols (uterus, ovarioe,
vulva and vagina, and ohorionopithelionma).

. A pore detailed survey was oarried out by Edington

= and Holoan (1960-1963) in en attempt to aseeee the
inoidenoce of mnlignant disea2se in Ibadan, the then

| capital of Weatern Rigeria. Ther esult of the survey |
showed high frequency for the inoidenoce of carcinoma

, of the liver, etomach, oervix and b“reast; and in the

oase of liver cencer the incidenoce waes mich higher than

would ve expected for a eimiler population in Amarican

white and non-white males.

In 1964, C. O, Bery, from the Regional pathology
laboratory in Kaduna, Northern Nigeria, published a
brief eunssry of the caeee of malignant dieeaee diagnoeed
during the year 1963-1964. There had bean 296 malignant
tumouvres in ell age groups in thia year. The commoneet
asong these wae varioue types of ekin tumours {(22.9

peracant).
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Maljignant lymphomas were next in order of frequency
(4.8 percent.) and then carcinoma of the breaet
(5.4 percent). Liver cell carcinoma had not fsatured
largely in thie biopey eeries, constituting only 2.4 percent.
The commoneat form of melignant diecaes in the age
group O - 15 yeare was Burkitt Tumour.
Osttle (1964) in his report on the inoidence of
cancer in Africa made mention of the incidence of certain

typee of cancer 1p KNigeria. Among theee were zulticullular

Incidence of cancer of ths penlie, he claimed vaa

] lywphoss, oesophageal, Bladder and liver cancer,
;- relatively 1low.
|

Edington snd Esemon (1965) reported the oocwrence

P of cancer of the alimentary trect in Ibaden, Western

¥igerie. Oeeophageal cancer wae found to be rare,

the relative rrequsnoy of the CarcInoma wases only O.4%

in 4,920 tumours recorded., The relative freqQuenoy

of the caroinoms of the stomach in Aasles and femanlee in

Ibadan was similar to ths incidence expected in U.8.

whitee and ncn-ithite until ages fifty and then is

coneiderably leas. Ko reason could be advanoed for thie

falling off in the incidence of cancer in the older age

groups.
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Genetic and aooiologloal faotore (including laok of
medical care for the aged) have been conaldered bui further
work is required on thie problem before oonolueione can be

reached.

Odebiyl, T. (1972) in her canoer rate survey in
Ibadan patiente regiestered at the University College
Hoapital ehowed that an average of 200 csnoer patiente
a year were admitted to the hoapital from 1965-1970.

Bhe aleso recordsd the prominonce ¢f carcinoma of the

liver, etomach and oesophagus.
yron the various surveye one can oonolude that the

cancer typse of coammon ooourranoe in Kigeria are liver

cancer, 0esollosgeal oanocesr, carcinomas of the etomach,

ekin and bladder.

Beveral apeoulaticne have been made in an attempt

L oy ==—==—mmy e i

%0 account for the astiologioal faotors of theae cancer typee
I in Higeria.
| A causal relstionship has been postulated between
amoxing habit, (eapeoially the emoking of locully grown
tobacco which 1s aleo ohewed and ueed ea enurf) and lung
cancer (2Aaington azmd rssmon, 1965).

Drinking haa been ahcwn to be more ocmmon in
oesophagsal oanoer patients than in control aubjeots

in Ibadzn (xAington, $963).
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Horbal remedies are atill widely uaed jin Migeria
and a poaeidle relationehip between thie havit and
g;di?ic carcinoma hae besn epsculated (Fdington, 1984).

e

fhilet spooulations and correlationa orf cthese types
could de suggestive of some aetiological fectors of the
dancer typee in Nigeris,there is e dire need for the
cetablimhmsnt of the causative agente in the environsent.
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CEAPTER WO
MATERIALS

i. The Looal Alooholjioc Beverages.

Five loocal alcoholio beverages ocommonly consumed

in Nigeria were inveetigated. These are Palm Wine,

whioch is the feraented sap of the palm tree {jlajes spp,);
Burukutu, a fermentation profuot of millet (Pennieetum app.);
Pito, a fermented beverage from maisze (Zea pais:); Oti
Agbagha, obtained from the fermentation of overipe. plantain

(Muea aag;eggzg); and 0gogoro, a distilled spirit from
Palm Wine.

i1, Palm B&E
Thie ie the freah unfermented palm wine (Basseir,

1962) oolleoted under sterile oonditions from looal
pals trees (Flajes guinaneie),

1i1. B8terile Filter
Thie is the @nllenkasp FD-370 with acoesaoriea.

it was ueed tc get rid of the baoteria and fungl population

in Palm Wine.

iv. Btandard Xitrosamine

Bix authentio samplee of nitrosaminese were prepared

in our laboratory. These ere: Dindhyl-nitroesaaine,

Diethyl-nitroeamine, Hitrosopiperidine, H-nitrosodibenzylaaine
(]

henylnitrosaaine and ¥i
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a8 reference miteriale in ths snalyaie for nitroramines

in the alcoholic Y%everages.

Y. xXrit D ation Be

These woere manufaotured by 4. Gallenkarp and
Co. Limited., London, with the appropriate heating mantlee.
Various eicea were ueed for the ' varioue dietillation
experinente.
vi. ip-film Rotary Eyaporator

Gallenkamp, EU-100. Thie equipment wae used for
ooncentrating extracte, It ie provided with a high
vacuum pump and a thermoetirrer as a souroe of heat.

vii. Thin-layer Chromatographjo Equipmont
This ia the'B8hadon” unoplan type. A cowmplete

outfit for carrying 6ut ihin layer ohromatographio
experiaents, deeigned for use with glaee platea 20 x 20 om.

which oan be proceseed in batohee of five.

Accesaories:

(a) Spreader

(b) Plate leveller
(o) Applioator.

(d) Plate Rack

(s) A11 glass spray.
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The equipment was used for Qualitative and
Quenti tative estimation of nitroesmiiiee present in

the alcoholic beveragea.

viii, Bilioca Gel G.

This was manufaotured by Merck in Qermany. It
vaa the adeorbent of choice for coating glaaa plates

in thin-layer ochromatographic experimsits.

ix. Qvyen
Thie is the Gallenkamp-BS. The equipment ia

thermoatat~controlled and vaa uaed for aotivating
thin~layer ohromsatographic plates.

) Solyent 8yetems.

Hexane-Fither-dicholoromethon L 3: 2
fexnne-Ether—iichioromethwe 5t T: 10
Aocoetone-Bengzene-Pet. Ether 2:99: 99
Ethyl Acetate - Petroleum Ether 20: 80:
Carbon tetrachloride-diochlorosethane 3 2.

Vclume by volume.

Theee were veriouely used in the analysis of
nitrosamines on thin-lsyer platee.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



e

1. HNitrosssine Retectops

(a) Proussmann's Reggent: Diphenylamine ~ Palladium

ohloride (a 4: 9 mixture of (4) 1.5% solution of
diphenylamine in ethanol snd (2) 0.1% pelladium ohloride
in 0.2% aaline.

(b) Orjess Reagent: A 1:1 mixture of (a) 1%
sulphanlic soid in 30% Acetio acid and {(2) a 0.1% solution
of a-naphthylamine in 30% Aocetio Aoid.

xi1, [ltravioclet lamp

Thie ie the #Rllenkamp LH-530, portable UV lamp
with peak absorption at 254 nn. The lamp was used fcr
the detection of nitrosamines on thin-layer plates.

xii1. e teTh.
(a) Popkin-Fimar UV-137 Speotrophotometer
The ultraviolet absorption acharaoteriatic of
the nitrosamine standarda were eetablished using this
instrument.
(b) Pye Unicem SP 60Q
This inatrument wao uaed in the qQquantitative
estimation of serum proteina, blood sugarj Urine
Urobilinogon, serum alkaline phoasphatese and serum

glutamic oyalaocetate tranaaminaasoc.
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(o) Be Unicam BP 500 Bpeotrophotometer,

Thie instrument wae used in the Quantitative

estimation of nitroeamines present in the alcoholic drinke.

Aitachi Nase Spoctrometer.
Thie is the RMU-6E model. It wao ueed to determine

the moleculer weighta of the stenderd niirosamines,
aa a purity oheck.

xiv. ZTha en Anipala

Theee are littermatee of white aldbino rete imbred
in the departmental animal houese. They were ueed to
aBBeas the pathologiocal and phye=iologioal propertiee of
nitrosaminea. The weight rengea were 145 - 150g; and
99 - 102 8. reapeotively.

XV. !_thbglio Clgea

These are mads of wire-meah to house each rat

aeparately, and with fagcllitiee for separate colleotion

of faeocesa and urine.

xvi. eaggnte o Hiaetologioal Btudies
(a) Porml Baline

Formaline 10 ml
Bodium Chloride 0.9 g.
Water, to 100 =l.

Thie wae used to flx epecimen tieeues.
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(v) BShy) Aloohol

(t) 0% Ethanol
(11) 70X Ethanol
(111) 96% Ethanol
(iv) 4100% Ethanol.

These were used to dehydrate spocimesn tiseues.

(o) Parsffin Wax
Paraffin Wax, m.p. 4-60°C was uced to eabed
the speoimen tiseues.
(a) max rebedding Oven, 100°.
Thie is ths Gellenksmp, H; - 100; eleotrioally hested

with twelve embedding pots and a fitted angle therzomster.
It was ueed for embedding spcoimen tissuee in wax.
(e) Leuckari'e L - pjeces
These are two h-shaped piecee of metal (brase)

on a metal plate to form an oblong. They were used for

casting epéoimen tisecuea in parsffin wax.

(f) ipok Miorotome, Leit® - 1212

This inatrusant allo¥s for vertical object movement,

automatic objsct feed,and is operated by a hand wheil.

It waes ueed ior ocutting thin unifora elioss of epeoimen

tissues ermbsdded in paraffin wax.
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(g) Paraffin Bection Mounting Water Bath

Thie bath is fitted with a thermostat to control
tesporature between 40° and 80°C. It wae ueed for
flattening out par4ffin wax aections defore m-.anting on
mioroeoope slides.

(h) Olgoerin Albumin

Thie wae used to fix seotinns on mioroscope slides.
(1) X920l
Thie chemieal wae employjed to remove wax from

geotione before stainning.

(3) Eurlich's Alum Haematoxylin

Haematoxylin 6 g.
Absolute Alcohol 300 ml.
water 300 ml.
Glycerol 500 ml.
Glaoial Acetino Acid 30 ml.
Potaseive Alum in exoess.

Thie was one of the etaina uaed to differemtiate

the celluler orgonisntion of ths specimsn tissuee.

(k) _Alogholic Joein
Yomin i g.
98% Ethyl Alcohol 400 ml.

This was used for the same purpose as in (3J) above.
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(1) Celestine Blue
Celestine blue B 0.5 8.
Glyoerin 14 ml.
Dietilled Hater

This wae anlso used as a atain.
(m) Cenadn Balean
Thia wao used to mount cover slips on
microscope alides.

(n) 8lide Drying Plate
This ia the Gallenkamp EJ - 620, electrically

heated with a smooth enamslled steel top fitted with
a thermoatat giving tsaperature control up to 60°c.
Thia wae used to dry mountad elides.

(o) Microscopes

(1) Qlympus Wodel KHC
Thic model has an inclined binocular heed rotabdble

through 360° with interlocular diatance ad justable from
56 mp., to 74 ma. The base of the microacope inoorporatea
a precentred 20W lamp. Vortioal movement of the stage
ia by ooarae and fine focuoing controls. This instr™ment
wao used for visual aosvascent of the cellular damaged
induced by ths nitrosaminea.
(11) "Abi BL PO3"
Thie 10 a pbotographic researoh mioroscope and was

ueed to take photographic impressione of the cellular
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damage infuoed by the nitrosaminss.

xvil. Composition of the Diets

(a) Bagal Digt

Buoroee

Non-Rutritive oellulose
8alts Mixture UBPXV
Vitamin Mixture

Cagsava Starch

Corn oil

(b) Teet Plots

The test diets were ss {ollowsi

Diet No. 1

"

1°

)]

N WO & o N

0% Protein (Protsin-free)

5%
10%
158
20%
25%

"

n

1t

The protein ¥as incorporated into the baeel diet

at the expenee of the casasava starch.

was the eocuroe of protein.

The diets

Rutritional casein

wore used to study

the effects of graded dietary protein levels on the

toxicity o2 nitroaamine.
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(c) comggaitiog of tho USPXV Salt

8o041ua chloride “Analar Grade " 139.08.

Potaseiun hydrogen Sulphate "Analr OGrade 589.08.

Magneseium sulphate (Anhydrous) * g 57.3g.

Caloium Carbonate ¢ 5 380.08.

Yorrous Bulphate " N 27.08.

Mangeneae aulphate ' ¢ 4.0g.

Zino 8ulphate ¢ 2 0.5g.

Potasaiun Iodide 4 ¥ 0.8g.

Copper B ulphate : - 0.47g.

Cobalt Chloride ¥ " 0.02g.
(4) Cespaeislon of the Vitswin ¥ixturg

Viteamin A 1000 Internstional Umit (I.U.)

Vitamin D 100 I. V.

Vitamin B 10 I.U.

Vitamin K (Mensdione) 0.5mg,

Thianins 0.5mg.

Riboflavin 1.028.

Pyridoxine 0.04mg.

Niaoin 200mg

Cholin 25ag

Inositobl 10mg.

Parsa-aninchensoio Acid ng.

Vitaain 3, 0.02ag

Folio Acid 0.22g.
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Xviii. Automatic Mixer
Thie ia the "Rotamixer” type with perepex conteiners

which apins ae it rotatea. The instrument was made by
Poreter Equipmant, Leiceater, England. It wes used to
ensure thorough mixing of ths various d4iot preparatione
used in the feeding trials.
xix. Oripding Mill

Thie ie the "Diaintegrator-typs™ laboretory mill
aize 8" manufaotured by Chriaty Morris, Chelmerford,

Engiand. It wae used to proces® dried caeeave starch

into a fine powder.

xx. ente for neiion of Berus ProteiR
(a) Btock Blurot Remgent

8olution A.
8odium Potasaium tartrate "Anslar Grade " N5g.
0.2 NaORH . LOO ml.
Copper Sulphate v, 158,
Potaesaiun Iodide " 58.
0.2X FalH, to v 1 1litre.
Bolution B.
Poteaseium i1odide, "Analar Grade 0.9%

in 8odium hydroxide 0.2N.
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(b) Working Piuret Reagent

S8olution A, 50m.
SBolution B. 200zl .
xxi. Reagents for Determipation of Gerumy Bilirubin
(a) Diagzo Reagent ‘A’
Bulphanilio Acid 18.
Cono., HC1 15 =l,
Water to 1 1litre.

(v) Diazo Remgent ‘B’
Bodium Nitrite, 0.5X solution in distilled

water.

(o) Diago Reagent Working Bolution

Diago Reagent ‘A° 5 =,
Diago Reagent °'B' 0.15 ml.
(4) Diago Blank
Hydrochlorio Aoid 1.5% {/%) 1n
dietilled
water.

(o) Benczosta-lrea Solution

Bodiun beneoate 10 §.
Urea 10 8.
Distilled Water, to 100 ml.
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(r) Mothyl Red Stapdapd

(1)

(11)

Stook Standard

Methyl Red 0.290 g.
Glacial Acetioc Acid, to 100 ml.
Forking 8tandard

8toak . Standard 1. 0 al.
Glaoial Acetic Acid "Analar Grade" 5.0 ml,
8odium Acetate u ¥ 4.4 g,
Water, to 100 ml,

xxfl; Reagonta for EKetimation of 31004 Sugar

(a)

(v)

(o)

lsotonioc 8odium Sulphate-Copper 8ulphate 8olution

Bodium 8Bulphate oryetale "Analar Grade" 30g.
Copper S8Sulphats " " ’ 6g.
Water, to 1000m1 .
B8odium Tungatate

8odiun Tungetate crystsls "Analar Grade" 108.
Water, to 100m1.

Alkalins Tartrate

8cAiun Potaeeium Tartrate oryetale "Analar
drade" 128.

8odium Cardonnte orystals "Analar Grade™ 20g.
8o4ium Biocarbdonato " ¥ v 25g.
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Potaesium Oxalate 188.
Water, to 1000m1..

(d4) Apraeno-iiglybdate

Amunonium molybdate orymtals "Anailsr Grade" 50g.

hater 900nl.

Cono. H280u " " L2m] ,

Areeno-nolybdate 6g./50 ml,
(e) Btook Glucoas Solution

Glucose “Analar Grade * 1000 mg.

Water 100 ml.
(£) Working Glucos® 8olution

Glucoee "Analar Grade" 1000 mg.

Baturated Bengoic Aold 100 ml.

xxiii. Reagente for Alkaline Phoephatase Deterpipnation
(a) 0.5M glycine buffer, PR 10.5; 0.0005. NgCl,

(b) 0.5k glycine dbuffer, PR 10.5; 0.0005M. MeCl,,
0.0055M nitrophenylphoephate, sodium ealt.

xxiv. Reagents foy the Fetjgation of Uripe Drobilinogen
(a) Saturated Bodiun Acetata.

_—
=
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(v) Ehrlich'es Reagent
Paradinethylaninobenzaldehyde “Analer Grade" O.78.

Con. Hydroohloric Acid P Ly 150 ml.
Water 100 ml.

(o) 10%£ Barium Chloride
Bariuam Chloride "Analsr Grade" 10 g.

Water 400 ml.
(a) Btock 8¢andard

(1) Pontaoyl Carmine 28 100 g.
Acetic Acid 0.5% 500 al.

(11) Pontnoyl Violet &R 0.095 g.
Acetic Acid 0.5k t11l dieoolw
pPontasyl Carzine (Bolution 1) 25 a1,
Kcatic foid G.5% to 1000 =ml.

(e) Worxyng Standard
8tock Btandard (4) 10.2 pl.
Acatio Aoid 0.5%: to 100 nl,

Xxv. Reagents for §80-T Dotermjnantion

S

(a) 800-7 8ybggrate
a - aspartio Acid 200 nM
a -~ kato-glutaric Aoid 85 ml.

in 0.1 phosphate burfer at PR 7.4.
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(b) [ariich's Reagont
Paradipethylaninobenzsldehyde "Analar Grade® 0.7g.

Oon, Hydrochlorio Acid o v 150 ml.
¥Yater 100 m1,
(o) 10% Barium Chloride
Barium Chloride "Analar Grade" 10 g.
Wator 100 ml.
() Btoock Btandard
(1) Pontaoyl Carmine 28 100 &.
Acetio Aocid 0.5% 500 ml.
(11) Pontaoyl Violet ©R 0.095 g.
Aoetio Aoid 0.5% till Aieoolws
pPontaoyl Carmine (8olution 1) 25 ml.
kocetic Acid 0.5%, to 1000 ml.

(e) Rorxing 8tandarnd

8tock Standapd (d) 10.2 nl.
Aoetio Aoid 0.5%, to 100 ml.

XxXv. Reagents for 8@0~T Dotemi_ngtion_
(a) 800-7 Bybetrate

a - aepartio Acid 200 mM
a - keto-glutario Acid 85 ml.
in 0.1 phoephate buffer at pR 7.4,
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(b) 214 Dinitro Phenylhydrazins Reegent

214 Ainitrophenylhydrasine 200 mEg.
| Conoentrated Hydrooblorio Acid &5 ml.
' heter, to $000 al.
(¢) O.4N Sodiun Hydroxide
8odiwn Hydroxide 16 g.
water 1000 =l.

(d) Aniline Cjitrate Resgent

Citrio Aoiad 50 g.
Water 0 ml.
Aniline 50 ml.
(e) 1/15 Phoepbate Burfer pi.
Bodium phosphate (anhydroue) 7.95 g.
Potaseium Phosphate (anhydroue) 1.5 8.
wWater, to 1000 m1.
xxvi. PR Ketep

Thie ie the portable model KRo.6877 "Doran"
pE meter made by Duran Instrumente Co. Ltd., Oloe, Englend.
It 1e equipped with a calomel eleotrode and wae ueed to

determine ths pH ol bufrler sclutions.
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xxvii. Antidbiotics

Neomyoin sulphate, tetraoycline hydrochloride
and bacitracin esulphate wers purchased and used for

the antidbiotio treatment of tha experimentul rate.
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CHAPTER THREE
METHODS

1. Preparation of Nigeria's local alcocholic beveraaes

(a) Polg Xipe

Palm wine is the fermented eap of the palm tree.

There are tvo main sourocea of palm wine in Nigeria:

(1) The fermentable eap of the Raphia PaiZa among which
R. vinjfera and R. hookeri are very pcpuiar.

{11) The fermentable aap of the Oil palm, Elaiee gujinensis.
The prooess of meking palm wine atarte with the tapping

of the pals trees. The trees are tapped errect (tapping of
the felled tree ie nov obaoclate). The method of tapping

18 deaoribed as either "inflorescence tapping or "etem
tapping® 1.e. tapping at the baae of the rale inflorescence
in the former case or tapping at the baas of the terminsl
bud in the latter oaae.

The pelm tree is cleared of the older leavee to eXpose
the point of tapping snd a triangular hole ia then cut
either at the baszs of the male infloreeoence or at the
atem a little wny balow the terminal bud depending on the
msethod in mind. Thie hole iw roughly about an inch desp
and the arca ia enlarged as tapping progreasee. The

aap starta %o ocoge out after about 2L - 36 houra. A funnel

which invariably ia made of baaboo ie thruated into the
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inoieion send the other end of it 1e fittad into a ocllecting
Yeeeel which could be a gourd s¥ixed to the tree by a piece of
rope.

The aap ie inoculated naturally by yeaét cells which
accumu)ate in millione in exudates on the rlovwer atalk. Thoae
fungi have been shown to be moatly SBacoharomycee cereisjiase and

8chiszoaaccharogvoee pombe, (Baeair, 196&). The aap ie con-
taminated with bacteria aes it dropa from the inoision. The

bacteria moat commonly found are Lactobacillua plantarum and

Leuconoetoc mesenteroidea. The biochemical aotivitiees of

theae miocroorganiams resulting in the formation of palm wine

hae been atudied by Faparuai (1967).

At each visit to the palm tree, the tapper alightly
enlgrgea the hole with a pen-knife in an attempt to clear the
hole of mucoid eubatancses whioh tenda to block the Xylem
voaaela from which the eap proceede. A tree ie uaually not
tapped for more than 12 daya.

(b) oty Aghasgba

The main ingredients for ths preparation of thia slcoholioc
beverage ia pisntain aa sapiol .

Very soft and overiped plantaina are peeled and the "fleah”
is chopped into amall bita and placed in an earthen ware
pot of oonvenient asiae. Bome ground red pepper ia added and

water ia poured in tc sosk the content of the pot. After mixing

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- 63 -

thoroughly the pot is covered and alloved to stand for 3 = 4
daye, at thd end of which the content of the pct. is filtered
and a aeveet stisulating alooholic drink is the product.

The fermenting organiames are not xnown but it is olaimed

that the pepper helpe to give the drink a =harp taste.

() Pito

Pito i3 a fermenting beverage from maize, sorghum or @
2ixture of both. It ia an important food in the Mid-western,
Weatern, Weat-central, Benue FPlateau and Rorth-Central Btatea
of KNigeria.

A wideapread procedurs for the preparation of this
alcoholic beverage among thoe people is to vash 2nd soakx the
oereal graines employed in vater far 2 days, after whioh
they are malted dy leaving for rfive days in basketa lined
with moiatened banana leaves, The malted grains are ground,
mixed with water and cooked. The maeh is allowved to cool
and ie filtered through a fine meeh basket. The residue is
used a8 animel feed. The filtrate ie then left, uaually
overnight, until it taetea sour. It ia then ooncentrated
by boiling. A &mell quantity of the “atarter” (sediment from
a previouz breaw) ia added to the oocled ooncoentrate snd left
overnighit. The product is pito, a dark-brown 1igquid with
taste varying from eweat %0 bitter. GBome detailed study of
the bioohamical aotivities of the ferminting orgnnisma has
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becn carried ocut by Exundayo {13970).
(a) ogpgoro

Cgogoro ie a distillation product of polm=-wine.

The freash pslm winc oe brought down from the palm tree
ie ismediately filtered into a clean gourd apdA ia allowed to
ferment for 2 daya or until feraentation i{s complete. The palm
wine ie then emptied into a large drum - veuvally the 4Ul4-gnllon
drun -~ if production is an a large scale. The brew is then
distilled frcm the drum over a firs. The tubea used
for distillation and oondeneer eysticm may be 0ld oar exhaust
pipes, water pipes or any othsr convenient form of pipe

Available. YThe condenser ioc immoreed in a water bath which

can be eaptied and refilled when the water gets wara. The
other end of the condenser 14 placed in a funnel on a collecting
veaeel. To get a rough idea of the etrength of the spirit or
when to atop fermentation a piece of cotton wool ia used at
intervals to collect come of ths diatillate. Thia ia ignited
and from the colour of the flaame and rapidity of burning the
brewer makes his docieion.

The product of dietillation, whish ia oalled Ogogoro, is a
clear 1liquid with a poverful fruity odour,

(e) Eurukutn

Busuvkutu is an alocoholic beverage made from guinaa oorn

groins (Gorghnp yulgers).
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The procedure for prepepation starts with the grains which
are steeped in water overnight. Excess water is itlen drgined

8=

off the socaked seeds ueing & basket, end the graine are spread
out on mats under shade, and are covered with lsaves.

During this malting periocd, the grains are occcasionally turned
over. Germination is allowed to continue for sbout four daye
after vhich ths malt is spread in thin layers in the sun to

dry for 1 or 2 days depending on how hot the day is, and the
malt is later ground.

The ground malt ies poured into a pot of cold water and in
some cases gari is added to incresse the viscosity of the liquid.
Gari is a starchy powder produced from the tuber of the cassava
plant and the course textured variety is prefered. The

resulting mixture (gari - malt powder - water) is roughly in
the ratio 4: 23 6 by volune.

A mmall quantity of the left-over of the last production

is added. It is clained that this helps to maintain a unique

aroma for the drink produced in a particular stall. The mixture

is then left for 2 days and boiled for a few houre thereafter.

The brev is then allowed to mature for 2 daye, and is filtered

though a whils plece of cloth, «wed in the form of a pillow-case

to allow for squeesing into another pot. The filtrate which tak

the fors of a suspension of some particles in a creamy liquid

the Burukutu and 1t 1s sour to the taste. It can keep for
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7 daye.
11. Preparation of Ritroaggipnes.

(Aocording to Vogel, 1968)
(a) Dimethylnitrogemine
A 100 nl. dietilling fleek waa fitted with a oondenaer

for downward diatillation. 50 g. of dirmethylamine hydrochloride

vaa diseolved in 25 ml, of water and dilute sulphuric acid wae

added until acid to oongo red paper. The resulting solution wae

placed in the dietilling flaex end a solution of 45 g. of pure

aodium nitrite in 50 m1. of hot wvater vaa udded. The mixture waa

distilled rapidly to dryneea, wvhon the nitrosamine paaaed over
(although 1t waa not visibla aa a eeparate leyer) together with
a little of the baae aa dimethylamine nitrite. The latter vaa
romoved by redfatilling the diatillate with a lLttle more dilute
sulphuric acid. B3sceae ao0lid potaseium cerbonate wae added to
the diatillate to agperate out the nitroeamine which appeared
ae a yellow oil. Thies vaa aoparated and treated with more
a0lid potaaaium carbonate until no further aotion occured,
FPinally the 1iQquid waa dried over freah @nhydroua potzasium
carbvonate in a amsll flask. The 1liQuid was then diatilled from e
100 ml. flaak and the dimethylnitroasmine was callected at

150° - 151%.

- (b) piethyinitrosemine
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(b) Distpzinitrosemine
50 ml. of diethylnains wvae added elowly to a caloulated

Quantity of carefully etandardieed ShN-hydrochloric acid cooled

in {ce. The s0lution of the hydrochloride wae iantroduced into

a solution of 39 g. of eodium nitrite in 45 @l. of water and

dietilled rapidly to dryness. The yellow upper layer of the

nitroeamine was separated from the dietillate. The agueous

layer wae eaturated with solid potaseium cirbonnte and the

nitrosasine which separated wves removed and edded to the mein

product. The lot wee ¢ried over amhydrouse potassium carbonate

and redistilled. The dietbylnitrosamino was colleoted at 172°%.

(c) Bgadtrosopiporidine
This wee prepared folliowing the procedure described far

diethylnitroeaaine using piperidins in pluce of diethylemine,
() Dipbenylnitrosamine

8.5 g. of pure diphenylsmine wae diseolved in 70 ml. of

wara 8lcohol. 4 8. of eodiuwn nitrite wes diesolved in 6 ml. of

water. Euacl solution wea 000led in 106 until the teaperature

fell to 5°C. 6 ml. of oonc, hydrochloric coid wee sdded slowly

with stirring tc the dipheaylsaine esolution end immedistely the

sodiuas nitrite solution wes poured repidly into the well-stirred

aixture. Ths diphenylnitroesnzine crystsllised out aes

the teaperature roee to 20~25°o.

The Rixture yag cooled in toe
water ror 15 - 20 sinutes and was filtered through n

.
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Buchner funnel, washed with water to remove eodium chloride,

and pressed well with s wide Slsse stopper. The diphenylnitro-

| eaaine wae recryestallieed froam msthylated epirit. PFure pale
yellow crystals of diphenylnitroeamine ¥ere outained. X.P. 68%.

(e) Ritrosodivengylamine
Dibhensylaming hydrochloride was used in place of Dimsthyla-

®ine hydrochloride snd the procedure for the preparation of
dimethylni troeamine described in (a) vas followed.

(£) E-nitrosoporpholine

100 ml. of zorpholins wae added slowly to & calculated
quantity of carefully standazdiced 5R-hydroohlorio acid cooled
in ice. The soluntion of the bydroohloride was introduced into
a solution of 78 g. of eodium nitrite in 90 ml. of water con-
tained in a 25 ml. Aietilling flaek. The mixture was distilled
rapidly to drynsea. 7The yellow upper layer of the nitrossmine
was eeparated fram ths dietillate. The aqueous layer wae
saturated with solid potassius carbonate and the nitroeamine
which separated vas removed end added to the main product. The
lot wee Adried over anbydroue potsaeium carbonate and distilled.
The N-pitrczomorpholine wae oolleotod and stored in a brown

bottle.
The synthesia of suthentic saxples of nitroeaminea hsa

been mucceasfully carried out froa availabdle fnrity chech

|

e

using various solvent systems, The reasul ta obtained in the

Aass epectrum and ultraviolet sbsorption epeotrum of the
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nitrosanines supplied additional evidence for their purity.
Theese results were in agreezent with those of olher workers

cited in literature, (Vogel, 1968, Hazeldine and Jander, 1954,
Druckrey &t al. 1967).
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Zaple 1 Ef Ytluoe of the prepsred Fistrosssines in Various

Solyent Bygtems
| D-RoxAno Diethyl Ether Tiehlorome-
thane
— e N —————
~—+—f W
h Kitrosaminoe s 3: 2 81 73 fo |10: 33 2
g —..H QH S
Dimethylni tro * [ |
samine 0.2, 0.35 0.12
Diethylnitro-
sapine 0.l8 0.55 0.25
Diethylnitro-
eamine 0.80 0.82 0.60 |
Divenaylni tro-
earine 0.85 0.92 0.63
ditrosomor-
pholine 0.40 o.47 0.22
Hitrosopipori -
dine 0.63 0. 52 0.24
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Ultrevioclet abeorption epsotrum of the prepared Dimethyl-
nitrosasins shoving abeorption peakxs in ethanol.
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Pig. 8
Ultravicleti abeorption epectrum of the prepared Diethylnitro-
[}

pamine ahowing sbsorption peake in athannl.
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Ultraviolet sbeorption epsctrum of the prepared Diphenylnitro-
camine showing abeorption peak in ethanol.
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Ultravioiot adsorption spooctrum ¢f the prepared Kitroeopipe-
ridine chowing abesorption peaks in ethanol.
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Ultraviolet abeorption speotrum of the prepared Ritroao-
dibvanxylanine showing abdbeorption peake in ethanol.
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Ultravioclet abaorption spectrum of the peeyared Kitrosomor-
pholins showing absorption peaks in ethanol.
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on of the moleoular weight of the prepared

”' nitroeapine using the ¥eaa spsotrometer.
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t £ ths molecular veight of the propared -
m using tha masa apectrometer.
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ination of the moleculer of the pneparhd R':,troaopi,m-
¢ ueing the Kass Speatrometer.
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1.

Recovery of known mmounte of Fitrooamine edded
to (a) weter, and (v} Pain wine.

(a) Calibration ourvse

Solutions of dimethylnitroeeaina in water were prepared
into nine 40 ml. volumetrio flaake, euch that the strength of
the eolutions were 5ug/ml; 10ug/ml; 20ug/ml; 25ug/ml;
| 30 ug/al; 35ug/ml; LOug/ml; end 50ug/ml; respsctively. 1 ml.
| of esch of theee atock eolutiona waes placed in s teat-tube.

0.5 ml. of 5% 1!02003 vas added and the aixture was irrsdiated
for 15 minutea with UV light at 230 an. 3 ml. of griese
l reagent ves added and the mixture vas allowed to astand for

95 ainutes, after which the optical densities of the various
aolutions were recorded ot 525 nm., using the ap 600.

¥With diphenylnitrosamine graded concentrations were
preparsd aa sbove with methanol. 1 ml. of each stock sclution
was placed in a test tube and treated with 0.2¥ Na,CO, in 80%

23
methanol in water. Tihle waa folloved by 15 minutea irradiation

after which 3 m)l. of grieas reagent was added. 7The mixture
wma allowed to etand for 15 minutea and the optical denaity
aa recorded ot 525 nm. In beth osses (for dimethylnitrosamine
rml‘mlm the varicua optical densities were

s7einat the concentrations o obtsin ths calidration
) B
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S8tandard solutions of Dimethylnitroeamine in water
containing 10 ug/ml. 20ug/ml 50yug/ml. 100ug/ml. 500ug/ml
LﬁOOu;/ll respsotively were prepared in six 50 ml. volumetric
- flasks,
One ml. of each standard solution was added to 100ml. of
distilled water and 100 ml. of Palm wine respeotively, to
| contaminate the water and Palm wine with 10 u@/ml. 20 u@/ml.
100 ug/ml. 500 ug/ml. end 1000 ug/ml. dimethylni trosamine
respeotively.
The above contsaination was repeated using Diphenylnitro-

samine.

(¢) Analytioal prooedures
The analytical procedurea employed for the recovery

of these known amounta of nitrosamines from water and pslm

wine are desorided in scctions iv, v, gnd vi of this chapter.




§ile 0 X )l AC PO B

aloocholic beveragea

(a) Extrpction of yplatile water-eoluble }itrosamines

4000 ml. of the alooholio beverage sample {exoept
ogogoro) were mixed cerefully with 20 ml. ¢f othanol and the
mixture waa transfered into a 3-litre round-hottom Qquiokfit
flaek. 8ufficient eo0lid KeOH waa added to make the liquid
0.2F %ith reespeot to thie reagent. Using a few glaee beads
to prevent bumping about i”d of ths original volume wae
dietilled through a eplash-head anéd Liebig oandenser. The
dietillate wae collected in a gradueted tubs oooled in
en ioe-bath, oare being teken not to let the dietillate
freeie aa thie inoreaeee theé risk of losing some
nitrosaaine dy re-evaporation.

A eeoaond dlatillation wae carried out from an
aoid medium by making the distillate from adbove 0.2N
with reepsot to eulphurio aoid.

The dietillatiocne were carried out at stmospherioc
preesure and the teaperature of the heating mantle wae kept
et 470° - 480°0. After each dfetillation the splash-head
end oondenser were rineed into the receiving fleek with water.

The dtatillate ocolleoted wae treated with eolid
potasaium carbonate with oooling. 7The neutral components

thet separated out (the bulk of which is ethanol) wee
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Extragtlon nrocedures Ior Fitrosaminee in tho

alooholio beyerages

(a) Zxtrpoction of volytilo water-eoluble FNitrgeudineg

1000 ml. of the alocholio beverage esazmple (exoept
080goro) were mixed carefully with 20 ml. of ethanol and the
Dixture waa tranafered into a 3-litre round-bottom quickfit
flaak. GBufficient aolid KaOR wvae added to make the 1liquid
0.2 with reapeot to thie reagent. Uzing a few glaee beads

to prevent dbumping about $5d

of the original volume wae
diatilled through a splash-head and Liebig oondenser. The
dietillate waa colleoted in e graduated tube oocoled in

an ice-bath, oare being taken not to let the diestillate
freogo ae thie inoreaess the riek of loeing aome
nitroaanine by re-evaporation.

A escand dietillation wae oarriod out fros an
acid msedium by making tho dietillate from adbove 0.2N
with reamct to eunlphuric acid.

The diatillaticna were oarried out at atmoepheric
preasure and the tamperature of the heating mantle was kept
at 17D° : 18000. After eaoh dietillation the apPlash-head
and oondenasr were rineed into ths recceiving flaek with water.

The distillate collected waa treated with aolid

potaseium carbonnste with cooling. 7Tre neutral oomponente

that aeparated ocut (the bulk of which ia sthancl)} was

k AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




-83-

recovered in a separating funnel and the agueous layer vas
treated with more solid potaseium carbonate until no further
aotion occured. The neutral layer wae removsd and added to
the main produot. ¥Finally the lot wae drisd over fresh
anhydrous potaesium carbonate, filtered through a sintered
fhannal and concentrated under vaouum in @& thin-film rotary
evaporator at a temperature bdel ow 3700. The nitroeaminee were
oextracted froa the concentrate with aethylene chloride.

(b) Extraotion of Non-volatdls water {n-soluble

Nitroeaainee.

1000 ml. of the aloohollio beverage esmple were
mixed thoroughly with 200 ml. of pure ether. The other
extraot wae reocovered in a separating funnel and filtered.
The filtrate wae shaken with 20 ml. portian of 5% aqueous
HaOH. The reeculting alkali extraoted ether solution
wae waehed with 20 ml, distilled water. The ether
eolution wam recovered and treated with 20 ml. of
5% HC1. The ether layer wae retained, dried with
anhydroue megrasjium sulphate. The ether was dietilled

off and the reesidue wae extracted with diohloromethane.

v. Jhin-1ayer Chrogato graphic Analyale
(a) Sreparatign of thin-layer ohrommtograpghio plates

Btanl's technigue for preparing thin-layer platee

was adopted. 8ilica gol O waa the adeorbent of choice
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and glaaa platea (20 x 20 cm) served as the firm
support. The glase plates were waghed with waticr and
a detergent, drainsd and dried and subjected to a
final wash with acetona. They were themn arranged on
a unoplan inetrusent for coating with eilics gel.

60 graas of silica gel vas made inte a slurry
by shaking for adout a minute with 120 »l. vater. The
elurry vas poured into the spreader on the unoplan and
coating was acocomplished by pulling the spreader
(0.5 mm 8lit) over the glases platos., After coating
the platese were allowed to dry in air for 20 minutes

and wvere aotivated in an oven at 110°c far 2 hours.

(b) ERunning
A starting line waa merked at the edge of the plate
with a sharp pencil and the finiehing line was drawn
rignt acroea the plate (the pencil removes a fine line
of adaorbent dowu to the glasa, and the solvent flow
is foroed to etop wvhen the solvent front reachss the
1ine). The edgea of the platees were rubbed olear with
a piece of cciton wool, berore epotting, to a width of
about 0.% on. to give a sharper edge to the alisorbent layer.
The teet solutione were mpotted on the thin-layer

platoes slongeide standard nitrosamine solutione in
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and glass plates (20 x 20 om) served as the firm
support. The glase platea were washed with water and
a detergent, drained and dried and subjected to a
final waeh with acetons. Thay were then arranged on
e unoplan inetrument for oocating with ailioe gel.

60 grama of eilioca gal wap asde into a elurry
by shaking for adut a minute with 120 ml. water. The
slurry waa poured into the spreader on the unoplan and
coating was accomplished by pulling the epreader
(0.5 mm 8lit) over the glaaa platea. After coating
the platee were allowed to dry in air for 20 ainutes

and were activated in an ovan at 110°0 far 2 hours.

(v) Runnipg

A starting line wase marked at the edge of the plate
with a abharp pencil and the finiebing line waa drawn
right aorose the plate (the penoil removes a fine line
of adeaorbent down to the glass, and the solvent flow
ia foroed to etop when the aolvent front reaohea the
line). The edgea of the plates were rubbed clear with
a pliece of cotton wool, berfors spotting, to a width of
about 0.5 cn. to give a sharper edga to the allaorbvent layer.
The teat aolutiona were sepotted on the thin-layer

plates alongside standard nitroaamine aolutiona in
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diohloromethane ueing a micro-pipette. The apote wore
arranged about 2 om., oantre to centre and individual
apotting poaitione were noted.

When the apote have dried the platee wera placed
vertically in a euitable tunk with their lcover edgee
izmereed in ths eelected mobile phase (ilsxane-diethyl-ether-
diohloromethane L: 3: 2) to a depth of 0.5 - 1.0 om.
to obtain an ascending ohroms tographic eeparation.

At ths end of the run the eoclvent wae ellowed

to evaporate from the plate.

(o) Location

Location of the nitrosamine rioh apota on the
plate wae by the methods of Daiber and Pre:ueemann (1964)
and Preusemsnn et sl. (1964). Tha detectors uaed were

ae emurarated in chepter 2, eeotion xi.

(a) Identification of tho Nitroespinee

The nitrosanminesa in the extracts were identirfied
with reepeot to the poaitions of tha etandarda on the

samé plate. The Rf veluee for each nitroasamine wae recorded.

vi. Quaentitative Fatimation of Nitroeamine Fraotions

The teet solutione were aesparated into oomponente

on thin-layer ohromatographio plates. Applioationa of
the teat eolutione for thia purpoae were in banda.
‘Uaing the Rf valuee obtainsd in the previoua experiment
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ae guide, the nitrosaminc rich bande were acraped off
and extracted with methylens chloride.
Quantitative eetimation of the nitrasamines vae
by the colorimetric method of Daiber and Preucamann (4964).
The determination wee oarried out by treating the
oxtraots rs etated in section 5 for the etock solution
&nd reading the abaorbanoce on 8P 500 (speutrophotonoter)

at 525 nm. The oorreeponding ocancentration wae eatimated from

the calibration curves prepared.

vii. Dosing of Rate with Jitrocaminga:

8olutions of the appropriate nitroesmines were
made in water auch that each contained S00 ppm. 200 ppm,
100 ppm, SO ppm, 12.5 ppe and S5 ppm. of the nitrocsamine
respectively. The contakinated wnter wae than eerved

to the rate as their 4Arinking wvater.

viii. Hiatgpathologicsl 8tudies

(a) ZAZRtion of spocimen tiagyes
The tieaues far hietologlical emaminatione were

carefully diaceected out and out into convenient pieces
(7 mm. thicknece) for fixation. Formal saline wae the

fixmtive of choice. The out tiseues were immeraed in

apecimsn boitles containing the formal saline for 24 hours.
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(b) Dehydrgtion

Pollowing fixation, the tieseuee were pl=ced in
tiesuee baskete and labelled appropriately.' Dehydration
wae then carried out in 50%, 70X, 90% and 100®

I alooholio bathe in ecrow-capped glaes Jjare. The Jjare

were oocaaionally agitated to speed up the proceee of dehy-

dration, The tieauee were then laid on &« piece of filter

‘ pepcr and lightly blotted W0 remove excees fluid before
clearing in xylol.

(o) Iopregnatjon with Wax

After blotting lightly with filter paper the
tiaeuse were tranafered from the clearing agent to

molten paraffin wax, in the wax embedding oven.

(d) Casiing

Freeh molten waX wae poured from the atock Jjug
into tbs mould. W%With roroepe previously warasd to
prevent wax aetting on them the tiaauee were lifted
from the finnl wmx pot on the embedding oven and each
apeoimen wag placed in the bottom of the mould. The
labela were fixed in poeition Ly preeaing one edge againet
the eclidifying wax at one cornmer of the mould. jhen
the blcck hae oooled euffioiently to form a ekin on
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the surface it wee immersed in o0o0ld water to cool it more
rapidly. Tue block of wax, naving eet quite hard, wae

renmoved. from the mould and trimmed ready for ocutting.

(o) Beotioning

ifter cutting the blocka their labels were attached
by preeeing them on the side with &8 hot searing iron ao
aa to smbed them alightly in the block. Por aectioning,
the blocke were fixed on the bloock-holder on the
microtome. 7The microtone wae then operated to cut thin

uniform aeotione of the speocimsn tiesuees.

(£) Pixing Beotione to ¥icroscope 8lides

Duvring outting, the c6eotione beoame slightly
oonpresaed snd oreaeed. Berfore attaching the eections
to elides these oreceea were removed by floating the
eeotions on a warr watar~bath after 4ividing the seotione
with @ soapel into convenient lengths that would go on
miorosoope slidse. The seotions were then lifted into
olean elbuminised mienosocope olides from the bath,
being guided into poeition with a disseoting needle.
The elides wore than positioned upright on a wooden rack
to drain. All the slidee were euhsequently arranged on a
elide 4rying tray and lert overnight in the incubator at 37°
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(g) 8taining
(1) Removal of Wax

The seotione were plaoced in xylol for 1 - 2
@inutee to dieeoclve the wax.

(2) Hydration

The aeotions were teken out of xylol and trensferred
to absolute aloohol for 1 minute, when they heocame
opaque. The eeotions were then removed from absolute
alcohol, drained, and placed in 90% aloohol for 1 mim:te.

(3) 8taining

The elides were transferred from 90X aloohol, after
dreining, to haematoxylin, where they were left for 30 - LO
mirmmtea. After draining off exoceae haematoxylin the slides
wvere tranaferrsd to the elide-waehing tray, and waahed
in water until the esotione beocame blue. The seotions were
then pleaced in eoid alocohol where they were agitited for a
foaw acoonds and were returned to the slide-waehing tray
until blue again.

The aeotione were then transferred to 1% eosin for
2 - 4 minmutes to ocounter etnin thenm.

(4) Depvdrstion

After draining, ths seotions were traneferred froa

the slide-washing tray to 90X sloohol where they ware
agitated for 10 - 15 seoconda. From 90X sloohol they

were placed in sbsolute aloohol X, Where they were
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agitated for 10 - 15 eeconds. The elides were then
teken into absolute aloohol II for 30 seoonde.

(5) Clearing

The sections were taken from absoluts aicohol II
into xylol I end II and left until completely clear.
Thie took adbout 15 eeconde. The seotionz were agmin
cleared in xylol II from whioh they were mounted.

(h) Mounting

The cover slipe were oleaned and laid in rowe on
8 pad of blotting paper. The slidee were then removed
from xylol end one or two drdps of ceneda balssm were
plaeed on each seotion. The elides were Quiokly inverted
over the cover-slipe being guided into place with a

diaaeoting needle.

ix. pPreparation of Blood Berus
Blood from a decapitated rat was pasesed through a

clean and perfeotly dry glees fvnnel into a clean and
perfectly dry centrifuge tube. After about 5 miymtee
when 8 firm clot hsd formed, the cantent of tha tubdbe

was oentrifuged end the eupernatant eerum wae oolleoted.
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x. Zstimation of -mmzzzr_\emn_m,\gsl!e&.ﬂm.

Sgolr w

Into two 6" x §" teet tubes Were placed the following

Rateriasls in the order and amounts aet out below:

e
Katerials Teet (Tuds I) Blank (Tude 2)
Serum o.4 =ml. 0.4 =ml.
Diesxo reagent ! C.< 31, -
Diazo blank - 0.2 ml.
Banxzoate urea solution S.ly ml. 3.4 1.
Distilled water = -

—k
—

T™he tudea vere alloved to atand at room tempers ture for 10
mimutea snd the optical dcnaity waas read in en 8P 6§00 epectro-

photaseter at 520 nm. wavelangth ueing the blank to set the
inatrumsnt to szero.

Standard
™he optiosl denaity of the working astendard wvas read
iz sn 8P 600 epectrophotomoter at 520 na. uaing dietilled

vater O set the ipstrumept to sero,

X4 o ng. Mlirudin

per 100 ml. eesrus.

(b = saloulated atrength of the HarhiRg Staaderd),
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xi.

Eetimation of Total Blood .Sugar

(According to Nelson, 194l)

Into four 6" x ¢’ test tubee were placed the following

materiale in the order and amount arranged in ths table below:

Materiale Teet Low !_High Blank . L
(Tube 1) | etandard ! standaerd | {Tudbe k) |
Tudbe 2) Tudbe (3)
— ]! —
Jaotonio ecdium
sulphate 3.6 ml. 3,6 nml 3.6 ml. 3.8 ml. |
Blood 0.2 ml. - - -
Lo¥ 8tandard - 0.2 Bl. = -
High Bteandard - - 0.2 ml. -
410% Bodiua ! 4
Tungetate 0.2 ml, O.ml. 0.2 nl.u’ 0.2 n].
Ve

The oontenta of sach tube were mixed and centriruged.

1 ml. of the dlank, teat and atandarde were introduced into

a Polin and Wu tudbe end 1 ml, of the alkaline tartrate solution

vaa added.

in 8 boiling water bPath for 10 minutea.

The tudbee were plugged with cotton wool and placed

The tubed were ocoled and 3 ml. of Areeno-molybddate

reagent wae added to each.

The tudbea were left to atand

for 5 minutea and the volumes were ocarefully made up to 25 ml.

with diestilled water.

_

The oontenta

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

of the tudbee were rixed



-9}

oarefully vy inversion. The optical deneitiee of the testa
and etendarde vere read in an 8P.600 apeotrophctometer at

660 nm., cetting the inatrument to gzero with the blank.
Celoulation

mg. glucose per 100 md. of biood, =

Opticel Denpity of the test X 100
Optical Deneity of the Low etandard

or _ neity of the teft X 200
Optica ensity of the RAigh etandard

The etandard neareet the reading of the teat wae used.

xii. Eotimation of Urine urodilinogen
(According to Wateon et al. 194L.)

To 5 ml. freeb urine wae rdded 5 ml: of 10% Ba012 with

ahrking. Thie wee filtered.

Into each of tvo 5 ml. Erlenmeyer flaeks wae added
2.5 ml. of the bile free urine (from above). 5 ml. of eodium
acetate eolution was sdded to are portion with ahaking. 2.5 ml.
of modified Erhlich'e reagent wae added elowly with shaking.
The content of the flaek waa then emptied into a 19 x 105 mm
cuvet and the spectrophotometer (8p 600) was Bet to zero
absorbance at 565 nm. with 1it.

To the other portion of urine wae added 2.5 ml. of modified
Erhlich'es reagent with ehaking. 5 ml. of sodium acetate

aolution vae added. 7The absorbance vae immediately read
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afainst the blank.
Galoulation

Reading of teet x factore

= Amount of urobilinegen in Erhlich'e uait.

Working §tanderd

10.2 ml. of the etock etenderd was msaeured into a

100 ml. volumetric flaeek, and diluted to volume with 0.5 per
cent. acetic acid. Thies solution repreeents a urobilinogen
ocncentration of 1.2 &xrhlioh's uuits. A eeries of etandarde

wae prepared in cuveta ae follovwa:

ml. of workiﬁh stendard] @m. of 0.5 Urodbilinogen |
Acetio Acid Thrlich'e Unite

= —
10 0 1.20
6 N 0.72 H
b 6 | 0.u8
2 8 0.24
1 9 0.12 i

Adbeorbance readinga were made in sn 8P 600 epsctrophoto-
metor againat o water blank. Ths factor® wae calculated by
dividing each concentration by ite reepective reading and

averaging the figurea.
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x1ii. retimation of total Serum Proteine

{According to Wateon et al.

Into a 6" x §" teat tube was placed 0.1 ml. of serum,

2.9 ml. of distilled water vae added. Into another test

tube was placed 3 ml. of Adfistilled water (blsnk). J3 ol.
of warking biuret solution ®¥ee added to sach tube and the
tubes were sllowed to stand in a 37°c water bath for

40 minutes. The optical density of ihe test sclution wae
read at 540 nm. in en 8P 600 epectrophotometer by eetting
the instrument to zero with the blisnk. The protein eon-
centration in g./100 ml. was cbtained from the calibration
curve.

The calidration curve vas prepared with vereotol. The
vereotol was reoonetituted ae directed on the vial and various
graded conoentrationa were prepared ae followa: 3.52/100 ml.,
4L.0 g./100 ml., 4.5 §./100 m}., 5.0 g./100 ml., 5.53./100
6.0 g./100 =2., 6.5g./100 ml., 7.0 g./100al., and 7.5 g./100.,

A curve of absorbance at 540 nm. ag2inet the various con-

centration was then prepared.
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xiv. Eotimation of eerum Alkaline Phosphatees
(Method as recorded in Enayme Aepay est 3 for Alka

phoephataee

Into 6" x §" test tubes wers plaocd ths following

: aoteriale in order aet out below:
Material SBample l Blank
! *
S8olution 2 1 1.00 ml. 1.00 ml.
Sermun -—_I 0.10 ml. -
L=;- S — —
The teat tudes were inoubat®d in a water dbath at 37°c for

emactly 30 minutes end tha following were aixed:

‘ Sodiun hydroxids 10.00 ml. 1C.00 ml,

e e “i

Berun - 0.10 ml.

I N | L

The solutiona were poured into ouveties and the optical
dcneities wore reaed in an 8P,.600 speotrophotometer at 405 nm.

and thse alkaline phoaphateee cocncentration in the aerum was

-
calculated thus:

Bu0% np. x 200 = milli, - unita
I U = 0.06 m mole Bassey - Losry Unite.
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o« Eatimation of Berum glutamic Oxalacetate tranaszinsece

(Method as precorded in BIH Enzyme Aeeay aete 2 for 8G0-7).

(a) Calibration curve

A aeriee orf tubee were eet up ae followa:

‘ mioles Int. Mite
. 2nM Sudb- Pyruvate | 8GO-~T
Tube No. Water | 8tandard jetrate per ain.
per 1lit.
0.2 ml. O ml. 1.0 ml. Blank -
0.2 ml. 0.05m1 | 0.95m]. 8.5 6.0
0.2 ml. 0.10ml| 0.99al. 16.5 13.0
0.2 ml. 0.15m1| 0.85ml. 25.0 22.0
0.2 ml. 0.2ml. | 0.80ml 35¢5 30.5
0.2 ml. 0.25el1] O.75m1 41.5 39.0
0.2 ml. 0.30m1} 0.70ml 50.0 51.0

The atandards and blank were incubated at 37°c for 30

minutea, 1 ml. of 2, 4-4dinitrophenylhydrazine reagent was added

to each tube and the tudes wvere incudbated for a further 20 minutes.

The tubes were removed from the water bath and 10ml. of O.4m.

sodiunm hydroxide vae added to eaoh tube with shaking.,

The tubes

were allowed to stand for 10 minutes and the optical deneitiee

wore recorded atl 515gu. uaing an BP 600 apectrophotometer from

the optical deneitice a calibration curve waa plotted for the

reagente in the aet.
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(b} De of thse utamic lage
iransaminase in the eerus

Two teat tubea were ladbelled "aample" and control
reepectively. 1Into each tube wase placed 4 mi, of asubetrate.
The temperature waa drought to 37°C by plaoing the tubes in
a water bath at thie temperature. After noting mé’,"’é.z ml.
Of aerul was added to the "eample" tuve, and both tubea were
activated again at 37°0 for 60 mimites. With the tubas
still in the water bdath 4 drop of anlilins oitrate reagent
waa added to each tube; after 5 mimutea 1 ml. of 2, 4-dini tro-
phenylhydraszine solution wae added to the cantrol tube.
Iinocubation was continued for a further 20 minutee after
whioh the tubea were removed from the water bath and 10 ml.
of 0.4 a. acdium hydroxide waa added to each tube. The
contentas of the tubee were mixod by inveraion and allowed
to etand for 10 mimites. The optioal deneities was recorded
at51% mu in the 8¢ 600. The valuea for 800-T in the

International unite waa read from the calidration ourve.

EVi. angabiotie srentaent of snimale

Neomysin sulphate 100 ng
Teitracyclina hydrochloride 50 mg
Bagiraoin sulphate 50 mg

A mixture of the akove three antibiotioe waa
I adminatered orally to the rats twioe daily two days

before the experiment. Doaing was then repeated every
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CHAPTER _ PCUR
EXPERIMERTS AKD RESULTS.

INVESTIGAT ICK ONR

A eurvey for nitrosaamines in palm wins mamples bvoing
havked for sale in Ibadan, Vestern State ¢f Figeria.

Hatorials

(a) Palm Vine.

FPour eamples of palm wins heing hawked for sale
vere purchased from eaoch of ssventecn aress of Ibadan, the
capital of Vestern State of Nigeria. The seventeen sample

areas were seleoted in such & way ae to cover a large part

of the City.

(b) Reggenta anl Equipmente

Analytiocally pure reagents and very clesn
glsamwnres were used. Other materials aml equipments used

in thia investigation are emumerated in Chapter II, seotions

Nethods

The analytical prooeduros relevant to this investigetian
have been desoribed in detail in Chapter III, seotions
114 -~ vi. 7Ths analysia has been carried out by a combination

of thin-laYer chromstographio and oolorimetrio techniques.
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CHAPTER _FOUR
BXPERINENES ARD RESULTE.

INVESTIGATION ONR

A sarvey for nitroeaminee in palm wine esacmplee being
havked for sale in Ibadan, Weastern State of ¥igeria.

Materials
(a) Palm Wine.

Four eamplos of palm wine being hawked for esle
were purchased fxom saoh of seveniesn areas of Ibadan, the
capital of Weatern State of Nigeria. The meventesn sample
aroas vero mseleoted in such a way as to oover a large part

of the City.

(b) Reagents amd Equipmente

Analytiocally pure reagents and very olean
glasswnres were used. Other materials and equipments used
in thip investigation are enumerated in Chapter II, seotions
(iv - x111).

Mathods
The aralytiocal proocedurce relesvant to this investigatimm

have been desoribed in detail in Chapter 111, seotiomms
441 - vi. 7he analysis has bean ocarried out by a oombination

of thin-layer ochromstographic and oolorimetiio technigues.
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Bpot teate were carried out with extracte an thin-layer

platee prior to identifiocation apd quantitative eetimtion.

Resul te

In the spot teete only extreots for volatile, water-
eolubla nitrosamines gave indication of the preaemce of
altroeamina. PRrtraote for non-volatile nitrosemine gave
negative reeulte.

Separation on thin-layer ohromatographio plates showed
the preaence of two kinda of nitrosaminea. The nitroeamine®
spote had Rf valuee 0.24 and 0,485 respeotively in Hexsne -
diethylether-dichloromethane (4:3:2), and wvere identified

a8 dimathylnitrosaming and diethylnitrosamine reepeotively.
Ultraviolet speotrum o0f the separated extract showved
charaotériatic absorptiocn maximnm of nitroeamins in the
region 230 ~ 240 nm; nnd in grisea reagent the abaraoterietio
mximum of 525 nm.

The amomnte of sack kind of nitrvesamine in pealm wine

from each samples area of Ibadan are ehown in tableV.
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yi®% ™ KIYREBANINR IX
___SpCRT._COLOUR
' “r@750T0R(A) | DERBCTOR(B IDEFIIPIED 48 -

DIRTHYLRITRCSAVIHE

e

NITROSPTPERIDINRE

DIBERZYLNITROSAMIN

NITROSON(RPEOLINE

e ———ee e —

« DEVBLOPIRO SOLVENT: n - Hexana-Disthyl BEther - Dichloromethans (4:3:2).
DETBCTOR (A) Pronssmnmn's Reagent.
DRTECTOR (B) : Griess Reagont.
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_KINDO ARD WRAN AMOUNTS O ALTRCOANIER

SOURCE OP PALM vINE DIMETEYLNITROSANINE | PTBIRYLRITROSAMINR
| {

N s L

Xt - 0do Ong 20,3 | 14.6

_.&_2_ = 930 l: _i ‘__6.0_ — Q;!i

X35 - Univedan | 18.3 12.9
X 4_ - Unife 4 4 | 14,3 _ _ 8.8

|-X5_ - Bodija 4 | (1.5 12,2

| X7 - Eleyele 4 4 18,6 12.4
I6 - Agodd 4 | 4« | 2.0 _ 10.7
X9 - Jericho 4 & 1 TS i 12.5

X10 - Ccat.Rest Houso 4 4 l 16.3 [ 10,3

| T1? - Jericho Hoep. ¥ | 4 L 20,7 12.6

| x12_- 0.0.1. i 4 4 | 20.0 10.9

| 13 - Alagnon il 4 \ 4 | 20,2 1 10.7 Ja s
Yt4 - Rew G.R.A. 4 T 18.3 s 1229 LN 31.2
XS - Cke—Ado [ 4 ¢ | 17.4 : 10. 1 21.5
X16 - Isale Ijebu T 4 4 | 18.3 m 2.5
7 - Kudets T N | 17.1 _ 9.8 26.9
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Sogo1usjon

On the basis of the aperiments carried out in this
investigation, it osn be stated that Palm ¥Wine teing
hawked for sale in Ibadan, the eapital of Weatern State of
Higerin, oontnins minnte amounts of two kinda of nitrosamine
namsly, Dimethylni trosamine snd Diethylnitrovaamine. The
level. of oontaminatian being 20ug/litre and 10ug/litre
respeotively with a mean total level of JOug/litre. The
physiologioal role of this amonnts of nitrosamins is the
Bubjeot of another investigation in this thesis.
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INVESTIGATION TWO.

a8 hawked for ssle in other parts of the Jestern State
and soms parts of lagos State of KRigeria,

In this inveetigation a samxrvey for nitrosamines in
Palm Wins was ocoarried out with mamples purchaeed from
fifteen tovna in the Western and part of Lagos States in
this ocuntry.

The pilot areas now inolude, Oyo, Ife, Abeakuta,
Ondo, Akure, Okitipupa, Ijebu-Ode, Ogbomosho, Shagam,
Oshogbo, Otta and Ore in tha VYestera State, and Badagri,
Ikorodu and Bpe in thas Iagos State. In this way palm—wing
saxmples havo been oclleoted from a large ooverage of the
Statee.

Katorialn

(a) Reagonts and Bguivpments
Analyticel grnde reagents and solvente wvers used.

Other mmterisls and equipments used in this investigatian

sre as enumeratod in Chapter 1II, eactiona 1L - x1114.

(b) Palm ¥ine
Tyonty rund am samples of stale palm winmo being

Inwked for nsle wvere purchased from each of the towns

mentionad above,.
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The amalyticsl procedures relsvant to thia

inveatigation have been deacribed in detail in Chapter
III, seotione III - VI.

Reaults

T™he epot testas gave poeitive indiostiou of the
preaence of volatile nitrcssmines only.

Separation on thin-layer plates showad the presence
of tvo kinde of nitrvasmines, wvith the two dCteotorsa.
These had Rf valuee of 0.24 and 0.48, reepeotively, and were
identified as dimethylnitrosaminy and diethylnitrosemine
respectively. UV spectrometry of the aseparated extmmot
shoved aharacteristio maximum for nitrosamines in ths regicm
230 — 240 nz; and in grieas rezgent the charaoteristio
mexicum of 525 nm,

The mean amomnts of each kind of nitrocsemine in
palp wine from each sample ares are shown in table,

Statistinoal endlyaia of the results for the various
towna show that sxcept in two placea, Akure axl Ondo, imn the
Vestern State, the mean emounta of nitrosamine in palm wine
from eaoch town do not djffer signifioantly from the overall

mean. 7Thisa 18 en estimate of the expeoted amount of

nitrosanine in a litre of palm wine.
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he mean for Akure in just significant at the 5%
®, There is n renl 4diffeorence here, which may

able to peculiarities of the areas in relction

» &
"

of
R
s

alnm wine produotion.

l-k poeitive carrelation wes found betweon the amounts
" -ﬂ'.hlthylnitrom end diethylnitrosesmine in the palm
N6 eaEples, snggesting thet ths dietribution of the two
bompounde in palm wine follovs a definite pa ttorn.

. . A fow eenples (about 5 in 8ll) showed no deteotadle
| _yx_aqupta of nitroeamins,

f
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t:aE "DISTRIBUTION OF THE MEAN AMOUNTS OF MTROSAMINE [N
PALM WINE FROM VARIOUS SOURCES AROWWD THE OVERALL MEAN

| /
28 6 |
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REL ATIVE AMOUNTS OF NITROSAMINE IDENTIFIED
IN STALE PALM WINE FROM S2AMPLE AREAS
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NITROSAMINE CONTENT (ug/ litre)
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SCATTER DIAGRAM SHOWING THE ASSOQANON BETWEEN THE AMOUNTS
OF DIMETHYLMITROSAMINE AND ODIETHYLNITROSAMINE N PALM WINE
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PALM WINE FROM THE SAMPLE  AREAS

L
E E !%1...,

= U

= ﬂ .. F:z

HIGHEST OISTRIBUTION {*) . 100 SOME SAMPLES CONTAIR ONLY
ONE OF ITHE TWON KINOS [YSTOVERED

OVERALL RANGe = O —1L»47 ug Utte 'ExCLUDING SAMPLES wWiTH |
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his etody bas shown that palm wine as hesked for
_ﬂhb various towms of Western and lagcs States of
loria is contaminated with nitromamine %o a level of
ug/litre.

-
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IAVESTIGATION THRBR

Hitrosamines in ?
2ito. and Ottt Aghagha.

In thie investigation the amount of nitroeemine in
Ogogoro, a locnl gin distilled from pelm wvines; Burukutu,
a fermented beverage fronm millet graimm; Pito, a fermentation
produot of maize or a mixture of m=i€e and sorghum grains;
and 0ti Agbagba, a local. alcholic beveregs produced by ths
fermentation of overipe plantaine was deteruined.

The purpose of this part of the work was to nasasas the

level of cantamination of other loaally availadble alecholic
beverages with nitrossmins,

Katerials

(a) PRepgents aml PBjuipman

Analytical grede reagents and solvente were used,
The equipments and glsss-wares vhioh found use in thie

inveatigation have boen desoridbed in Chapter II Beotions
11 - !ﬁi.
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(b} IThe Alcoholio Bevarages
- Twenty random samples of Ogogoro, and of eaah of

ths other alcoholio beverages refered to above vare

)

- purchnged from various hawkers in Ibadan and neardby villages.

" 1Bach aample vas analysed in tripliocate for nitroeamins.
Kethods

The ema lytical provoeduree relevent to this inveatigation
are 88 desorided in Chapter III, Seotions (131 - vi).

Resul+ts

The apot teete gave indicetiah of the presence of
volatile nitrosamine, Extruots for water inseoluble
nitrosamine mhowed no detectadie amount of nitrosamine,

S8eparation on thin-layar ochrommtographio plates
indioated the presence of two kinde of nitrosamines in the
axtracts from 0Ogogoro, Buruvkutu, and Pito, using the two
apray reagents. These have Rf values 0.24, amd 0.48
respectively with Dexans-Sther-dichloromethens (4: S: 2)
a3 ths developer, and thoy were identified es dimsthyl-
nitrosaaine end diethylnitrosanmins, respectively. In the
case of Oti 4Aqbagba only one spot corresponding to
dimethylnitrosamine wae observed.

Ths tahle shows the mwan value of eaod kimd of
nitroesairs found 4in each brev and ths graphs mhow the
pa ttezn of distribution of the nitroammine typea.

e
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*I48 OF
AICOROLIC | NXOUFRER | SAMPLRES DI?;RIBU‘HIW NEAN A
| BEVERAGR. V)4 CORTAIRIR® - A‘,QGLBE‘T
| fl SAYPLER | WITROOAMIIR \
5 = ]
Burukutn | 20 0 100 S
| ,
Pito
= 20 100 .
| t—
|
0%1 Agbagha!
(Agadagid 6‘\ 20 ” . .
l |
. )

\  {ug/litre.)

[ GF XITROSA
DIKBH LR R RART TR l LIZMWMYLITTROBAMIE
(ug/11t e,

TOTAL
ARCGUNTS OF
~ITROSAKINES

(e/11tre,

¢ 9%
¢ 2.7312

o1

& 2.47155

23

$ J.0411

14
s 1.1315
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The resalts of the exvePiments oarried ou: $n this
tve'ath'atitm have demonstrated the prwsemce of dimetbyl-
nitrosamine and dietbylnitrosamine in Ogogoro, Burukutu
apl Pito. The dotal level of acontamination of these drinks
with nitroeanine being about 100 ug/litre for Ogogoroi
S5Cug/litre for Burukutu; 48ug/litre for fito.

Only one kind of nitrvesamine - dimethylnitrosamina
was found in Oti Agbagba; the lsvel of oontaminmation of
this drink with nitrosamine was only 14 ug/litre.

Since nitrosamines were foumd in all the samples of
Ogogoro, Burukutu and Pito, it can be stated that these
alcoholic drxinks gonerally contain nitrosamine,
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\ & JNVSSTIGATION POUR

A 8ty of the bdiologioal produoticn of nitrosaningd
in Palm Wire

T™is invest{;zation i» ocomermnd with th: aesesement

g
M, of the rade of the palm wine fermenting organisme in the
& production of nitroeemine in this slocholio baverzge}

having rerard to the fact that baoteria oould nitrogate
seoandary aminea in the presence of nitrite ions (Sander ,

1968),
Materinla
(a) Reagents end Bguipments,

The reagentns and eolvente used in this investigatian
woere of anmal ytinel grede. Glasc-wares vere thoroughly
wnghed with a detergent nrior to a £inal wash with aocetons.

Other mmterials and equiprenta nsed in this investigation
are as envernted ond deaoridbed in Chapter II, aseotions

11 - xii4.

(b) Pals Wine
Ths pale wine samples were purchased from hnwkers in

Ibedan, in desired quantities.

(o} ©FPalm Ssp
This is the fermented sap of the pelm tree. It was

oollected in sterilo flsake by a speoilally commissionad

pela wine tapper.
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The investigation wne cerried out in eeven oxperiments.

Zxperiment I Palm ¥ine samplee were purchesed ne
havked for sals in Ibedan. Bach batch of four samplee
were left to contime fermenting until 6, 12, 18, 24, 30,

36, 42, and 48 houre after purxchaee reapectively, by plaoing
a litre of each eample in a 3 litre oopical Llesk. The
mouths of the flasks were plugged lightly with ocotton wool
anl the flaska were placed in a fime wire-mesh oage to

keep off fliee and other inmsecte. After the palm wine
samples hrd fermentaed for the sppropriate mimber of hours,
analysi{s for nitroeamines in them were carried mt. The
axperiment was carried out in gquzdruplicate.

Experiment II ¥aln sap samples were oolleoted in

eterils flimeks and thd samplos were alloved to steand for

the various mumbar of hours ae descrided for palm wine in
exporimant I. After the eamplea had aleo fermented for

the appropriate mmber of hours anslyees of their nitroasmine

contents were corried out. The experiment wvas carried out

in quadrupliosate.
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Experiment III  Palm wine pamples as availadle for
sale vere purchased in batohee of four. (me litrs of eech
Saxple was pleced in a plastio bag and sllowed to lreeze.

The frosen samplea wuore left under this comdition for the
skks period of £ime that their counterparts ware allowed to
ferment in experiesnt I of this Snveetig=tion; 1.e. 6, 12, 18,
24, 30, 356, 42, aod 48 hocurs reepectively after whioh they

were amalywed for nitrosasina. The crperisment was omrrisd
out in quadruplicate.

Rxperineng IV Paln sa) ecazplea wvere treated as
above for palm wine., The @xperi==mt wss ocarried out in
quadruplioate.

Experiment Y Palm wine ssaples vere purchased and

refluxed in a vater bath for %0 mimites at 50°C. after
this pre-treatment each ®:ztch of four samples were alloved
to stand (ferment) for the msdar of hours refersd to
edliesr prior to amaiguea for nitroasmine in the eanplee.
Pre=treatment of thLe sasples os etated sbove was to kill

the fungi popriesticn in the palm wine. The experimsnt was
omrTioed out in cusdrupliocate.

Expexizant VI Paln wine samples aa havked for eals
wore odtainsd and filtered through a etirile filter to

remove all yeast and baoteria preaent in them.
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| ter this pre-treatment, each btatch of four samples were
'uﬁ.iovod to etand for the 6, 12, 18, 24, 30, 36, 42, amd
ﬁ hours respeotively after which they wvere anilysed for

nitrosamine.

Experiment VII Palm sap samplee vexe treated ae

described for palm vine in Brperiment VI, The axperisent
was carrisd out in quandruplicate.

Results

The nitrosamine oontents of the variously treated
pala vins and palm sap samples are shovn in Tadle VIII.
The relationship botveen ths various results are depioted

&) T oa

in the graphs (figuree 25 - 26 ).
Rxperiment I The reesunlts ehov a linear relationsdip

suggesting that as ferrentation progresses the level of

nitxosamina in péla wine inoreaees.
Experiment 1I A aisilar trend ae above was observed

vhan palm sap vag used. The rise in nitrosamine oontent
vith fermeantation time here was howvever of a lover eagnitude.
Bxperiment III  There vere no increases in

nitroeamips content of palm wine with time. Thie wap
because the sasples vere frozen and as such the activitiea

of ths veast and bacteris in the palm vins sasples vere
markesdly reduced if not totslly arrested.
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&Xperiment IV = The results of thie experiment show
mowhat gimilar tremd as the results of experixent III.

Howover the amounts of nitrneamine content of tae frosen

paln sap were mmller than those reoorded for frozen palam wine.
Experiment ¥ The purpose of this experiment was to

ki1ll the yeaat cella present in the palm wins samples sm

to observe the potential rvle of tke bacterial population

in the production of nitioeamine in palm wine. In thie

. experinent inoreases in nitroeaxmine content were still

h obeerved with fernmentatian tims although the amounts deteoted
-

-

vere srmller than the amounts deteoted when the motivitiee
of hoth ths baoteria am® fungal population wers undisturbed.

i Bxperiment VI The removal of the fungal and bacterial
. population in the palm wine samplee resulted in the distortion

of the linear relstionship observed in experiment I where
B these organiama were retained in the eamplee.

BExperiment VII When pale eap wos treated as for
pala wvine in exporimsnt VI, a similar trend wvoa obeserved

dbut agein the mguitude of the nitroeamine ocontent recorded
vas gmallectbap it was for palm wine.
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NITROSAMINE CON®EFIS OP "WR VARIOW vy yfB8 AND ZALM SAP SAVPLES.

SAKFLE AYD ORSERVATION _ TIME M ROURS/MITROAVIE  gopel@r. 18 uz/litre.
q
e 0 6 \ 12 ‘ 18 2% e \ 36 42 48
————— T_
EXPRRINENT L 23 27 32 35 40 'S 21 >0 52
EXPERIMENT II 15 20 24 21 % 35 39 42 46
EXPERIMEEY YII 21 3 22 25 26 “ 25 7 26
—_— = - ——————————————————
EXPERINCHY IV 13 15 16 19 t 16 11 18 18 19
- ——————————————————————————
RYPERIWVI® ¥ 20 24 2 31 f 35 38 2 | 44 44
EXBERINRYT vY B8 20
- el e 20 21 2 2
EXPRRTNRNT VT1 12 I
12 !
L, * '3 11 12 12
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- 8ince progreee in farmentation ie dependent on the
activities of the fungrl end bacterial population in pelm
wine (Baseir, 1968), 1t might be poseible to reiate the
inorease in nitroeamine dcontent of the pals wine sazmples
vith fermentation time, to the activities of these organieme.
The similaer trend odeerved vhen p2lm sap waa 8llowved
to feraent ,10 an sdditional evidence in support of the
direct involvement of the fermenting orgeniesme in the

formation of nitrosamine in palm wine.

Conolusive evidence 1is dramm from the control
experimznts where fermentation was arrested, (1) by
freezing the samples, and (2) by sterilieing the samples.
No direct reletionship suggeeting inoreesee in nitrcesmine
content with fermentation time was obaserved then, and it
would appear that the nitroeanine found in these sanmples
after treatment se above, would be that whioh had beean
formed, in the ssmples prior to treatment.

The deteotion of some nitroeanine in the frozen and
particularly in the sterilieed palm sap suggesta that ecme
nitrosamines is formed in the eap whilst within the plant.
This would confirm an earlior finding by various workers
including pupleise (4969) that a epontaneocus reaotion

q_ooo ocour in piupntes bdetween eecondery amines and nitrite

fora nitrosasinss.
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An explanation of the role of the femmsnting organisme
would be the produotion of nitrossasine precursora Aduring
their diverse metebolic proocesees 2nd a poesible
interaotion between theee and nitrite tone to form
nitrossainee.

That only direthylnitroesamine and diaihyluitrosanine
have been deteoted in palm wine esuggeata that e4 ther
dimsthylenins and diethylamine are the two moat readily
formed seoomdary amines dnring the wctivities of the
fernonting organisme or that they sre the two mosat
readily avesilable seoondary sminse for nitroeation under

the preveiling oonditions.
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A_gtudy of some of the Biochemioal gffegty of
niscensnine.

Previous experiments by various workeras have

demonstrmted unequivocally that dimathylniirossmine is
primarily a potent hepatotoxin, (Magee and Barmes, 1956,

1963, 1967, 19703 Pruakrey et al 1960; Pramamann et al.

1965, 1966). The purpose of this investigatian is therefore

t0 assesa the level of alterationas in soms of ths hiochemicel
functions of the liver whioh in consequence oontribute to the
histopathological lesione charaoteristio of dimethylnitroesaine

poisaning.
Haterials

{a) erimental Animle.
Littermates of white alhino rate imdred in the

departmental animl houne vere used in this investigation.

The mts geleoted were all malee with weishts rangisg from

e 102 gram.

(b) Diet. The diet of the experimental rats wne the

S§took diet for rats purohssed from Livestook Peeds Nif, std,
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(o) Mitrosaxipe.
Graded amounts of dimothylnitrosamine vare fed

to the rats.

Erocodure.

(a) Arrengements of the Experimental Pats

Four rate were placed on eaoh ixreatment dut each rat

vas hounad in a separste metadolioc c=re,

(b)  Doging with Pitrosaginn
Dipsathylnitroeanine was used. Tha levels sdministered

were 8® snumerated below am ithe route of adminiatratiom

Al oral via the drinking water.

(1) 100ppa DMMA in deily drinking water.

(2) SoPm f " " - "

* (3) Oppm * = v : .
{(4) Palm ¥in® In place Of drinking water.
(5) Korml drinking water.

*RXitroeamix» level in Ogogorv.

(o) Buovironmental conditions

The experiments were carried out in the departmental
Anima) house where ths rats vere expoaed to nimilar
envirorrgntal conditions, i.e. teXperature, relative humidily,
ient, eto.
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() Aseay Perjiod
Aeeay period was for 15 daye on each "drug” fxemimant,

(o) Analytionl technigueo

Ths analytioal techniques relevani tc this
investigation are desoribed in detail in Chapter III, aections
9 - 15,

At the end 0of the 15 day trial perind. The rute wers
decapitated and serum was oollected firom their blood. Serum

of animnlzs 0n the sams trial were pocled defore the various

determinationa wvere made.

Oriteria for Judigement

(a) Influence of the variows grafded levels of
dime thylni trosamine on the growth (weight gmins or losses)
of the experimental rata.

(b) Biochemical) effects of the various "drug™ levels
as eatimated frox the following liver funotiam tests:-

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- 1% -

|

et (a) Typex’, 11 ubinenia

Ketabolism Berum Bilirubin| , ,4.qt08 failure of the

liver t0o axorete bdilirudin
produced in the reticulo-
exlothelial tissue froa

h the ostebdolism of the
Aeme pigment,

-1 e e e T ————

i e ——

——J—-r-;

(v) Urine
Urobilinaren

Increane in urine

urobilinogen may oocar
$n oomplete obstruotian

ﬂ ﬁot the biie duct and in

4 bemolytio jaundice.

Also increasod bdlood
dostruction from any oaanse

arine uronhilinogen lsvel.
Urins urobilincgen ®Ay alfo

be inoraased in damge to
‘ the hepatic parenchyms,

T — e ———— | ——
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_

YHYS TOL,OGIC

.;. ~P Py 9). J;'I.

2. ENIYMR
ACTIVITY

exorotsd by the

livor,
thess valuos pre inoreaged
in ovatrudtive Jaundige,
Ja & purely haemolytio
Jwundice thern i8 no rise.
variom gther fnotore gpsh
A8 hepatic damage q1mo
affeot alxaline phosphatene

80tivity in the seruas |

(b) seram
e Injury of the hepatio |
Cxnlacetate
tr:nsmimmo timeue Qccompanied bdy
* (S00~7) elevations in serup
glutonie exalncotate

I - _J tronsnainase.

3+ MEPAROLI0
< gm. Protein HEypobrotenenia my be

due to inadequate dietary
ProYein intake., In

addition, 1a acutes and

chronio liver di{aeass 8.8
oirrhosia, there in a
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PAYSIOLOCTO
BANTH FOR TEST

gexw0Tal ‘endesmoy to
bypoprotcremis. Tha
soverity of hypoprotenezia

|
| ElY 08170 ag A criterion

:' A— #_ﬂo: the degree of damnge.

b. OARBOHYDRATR
KRTALOLISNM. Dlood Jugar. The characteriatio

eugar of the bdlood and of
tieswe flaids is glucoase.
Tho liver in tho organ
primnrily responeidble for
the regulation of blood
gluoose conoentration., A
rise or fell fn normal
blood sugsr level is an
indiention of sone
nbnormlity in the

functioning of the liver.

d-___-__-_—___—_ — - ¢ —

Remalts:

Prom the obasrvations made on tho growth of the

experinsatal rats, a level of conturinntion of 100ppm and
50ppm digathylnitronaming impressively retnrded growth of

8xpPerimental rats over the experimental pericd.
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of contaminatinn of C.ippm (1.e. level of nitrosamine
md in Ofogoro), while not eupporting growth did not cause
, sciable fall. Hats an palm wine (for level of
pitrosaning in Palm Vine), manifeated gzood grovth and showed
‘better wolght gRinp thon the control, protebly bocenee cf
Eb- vitamins and other growth promotirg factore in pale wins,
The liver function toetas show that some of the

‘: rlchemioal offeota of dimethylnitrsunine peoisoning ere a
eduction in serum protein lovol; on ixpreussive rise in tie
1svel of blood mugar; inorease in thco ooncontratian serunm

. bin ooupled with a elight rise in urine urodilirogen.
There wRe also a Shorp incresse in the lavel of gerum glutamio

oxalacetate tmnsamimse, The magnititude of these concen-

traticn ahanmee were proportional to amount of toxin
adminintered.

Th® ovorall reeults are shown in tadle IX and the
grephns ahow the trend of th> various reeults,
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MEAN | MEAN '(."Y—_m.-\
gﬁ'ﬁr LAST | WEIGAT |TOTAL | fwood
WEIGHT | WEIGHT ; OAIR SERUN | ;LOCOSE
OF OF OR L088 |PROTEIN | wg/100ml
gATs | RaT8 | (ous) |(@/100ml | BLOOD
(ous) (6u8) SERUN)
1\ 3
/1 3 Dimo thylnitrosanine
Eplr drinking water—for 114.5 | il | 5.0
| '
2 Dimathylnd trosamine |
,&apgly dm:gng water for 1416.4 +15.6 5e?2 * 134,2 0.20 145 1.0 2.9
5 days, ¢ 12
+1ppn Dimsthylnitrosanine $4,0
) datly drinking-water- 11 .0 126.5 [425.5 6.7 87.8
15 daya, | $10,8
N .6
'ala replaces drinking .
mter for 15 days. Vi 1‘1:'?:2 E8.8 6.7 89.4
| |
‘-+- ! o a ’l” “!
forml, ynoonteratnated 100. | . ‘
rioking sator for | o aaye, | 1%002 (1298 +29.6 | 6.8 |B6.0 0,00

D AL HEALTH REPOSITORY PROJECT




- pats 0%
SAMINE

o
LNITROS

yEL

LEY!

H[TH'H-“

AR
|

|- bl
seauM G0
81000 SU9"
oF

arast,
w AND

M
a5E

GHa
prosPHs
pROTE

- ™
Y e . ﬂ
E %] - .
S = ok,
o 3 L m “ ° N N
e o " |
S m M "l o | P
.w-.. M £ e ) W %
= Y e ..
1 5 .. .....”.....m...u..,.ﬂ.".ﬂ.ﬁ i I
: R =
Ak :
.ﬂ L+ ]
) N ol I
| ir ®
T - | L+ ] “
S - o - R R AR g2 A e 2 2 8 B g T
" v - = CLING TRNOILYNHIL NI OO07E 10 WO Md VYOI N e
- ' M - . -
(0O BWL* 1 WARIL) LINR SHINEMI : M s vgis
3 al - ¢
. - ]
m it m - mwm .M M
guolzs
. NN R LT
= L~ -~ gD
= T A A LR R NS | § : i-_t_-_irtr_-h_-hi.-iw”riu
: "”"“",._.“""wnwwwwwww“"dnﬂnqu_,um.,ﬁ“m ol g
| 5
A A E NNy
- F— ST Ty T | e - - <

WNHIS 19 1w O0L H3d WYEDI Ny

SLINM AZEMOY 435830

Wale ? MO0 Wid SrveED

—

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT —




- 140 -

n

ianclnaiotn

Cn the baeis of the experiments cerried oct in this

. iaoveatigation, some of the early biochemical cvanges induced
by dimethylnitrosamine in the oourse of pruozreesive tiver
damago are (1) an impairment of bilo pigment metabolism as
exhibited by inoxocases in sorum bilirudin and urine
zeobilinogen; (2) inhibition of protoin syntheein resnlting
in a fall in serup protein lewvel; {%) diayuption of the
blood sugar regulatory mechanism lsading to & eharp rise

in blood ougrr; (4) A considersble loskoge into ths blood

of the enzymes primarily produced in the liver o¢.£. nlkoline
phoephatnase and serum glutamic omalpootste transminase.
These effects are not limited to high dosco of dimothyl-
nitroeamine as rate orn O.1pm (i.e. level of nitroan=ino
fomd in Ogoloro) alec ehowed tho eame tremd, mrlthough in a

meh less remnrkedlo cmnuer.
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A 8ftudy. of the pathologioal effects of Fitroeaxing
,;hm._h_t..
Procedure

() Arrangemsnt of the Rats. A growp cf ten white
aidbino rats w»s placed on each treatment. The arrangement

wis repetted with both sexes, respeotively.

(v) Trentment. Ths rats were placed on stock dist

ad libitue., Doeing with nitrosamine was oral via the
drinking water. The dosos administered were gradsd as follows:

¢roup (1a) BRats plsced on drinking water containibg S00ppm DMEA
- (1b) . - . v - - = « DEFE
(] (a) (] e » . " « 200 * DIEEA
o (a) e » " ] » e e s N
« (%a) ° " . : o : 100 » WA
| (’b) ] () «® [ " »n e * BENL
B (da) ¢ - \® ® ! e ' el s, .
= (4p) - L 1 . 3 © *
. (5.) - “ » » = » 25 * bERA
. (Sb) . - e » . s 12.5 * DEERA
* (6a) ° g Ny ’ : ) - .,
- (6b) - el g 9 . * & BERA
EasiTa)- *® « e @ . . 0.t = DA
TS,V WL N R SRR y -

* (&) Bormal drinking water.
Frseh solutioas were made st daJ.
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RedSul t».

The respomes of ths various gronpa of rats to
ths varioue lavels of contaminetion of their drinking ¥ater
with nitrosemines were as follown:

Group 1a: Rats on 500ppm Dimethylniirosaming ip
their daily arinking watex,

Behavioral Changes.

Pood intake of the rats «n thig treatm=nt in the

firat four days was 6 gram® ae compared vith 10 grams for

the contrvl group. However thare wss s aharper loss of
appetite, and food irtake fell to a deily average of 5 grame
in the seocond wveek, and 0.3 groms in the third week, by the
e of which all the rats had died., The rats etarted loeing
wight from their second Aay on this treatmsnt and this was
the picture througbout the experiment. By the third week the
Beay, weight of tha rate bad fallen fros the msan etariing
weight of 150.7 gxums to 116.0 grams, ThaTe was 2180 a marked
rednotiom in . ter intake, Ry the eixth dxy all the ruts
Sppenarwd 111, gitting quistly vith ruffied hair coat, wet
®SPsocially avound the sex OTERNS,. Thosd that atte™Pted to
Wik 14 & woddbL gait. Tha moet atricking extermal

defect va3 the mariied emnoietiom of flesh.
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Resulta.

The Treaponsee of ths various groups of rzts %0
the verious levels of gontaminestion of their driuking water
vith nitrossmines were as followp:

Gronp ia: Rats on 500ppe Dimethylnitrveamine ip
their daily drinking water,

Behavioral Chances.

Pood intakXe of the rate aun this treatment in the

firset four 4ays was 6 grams as compared wvith 10 gzemw for
ths control Zxroup. Hovever thero was a sharper loss of
appetite, and foad intake fell t0 & deily average of ¥ grums
in the second week, and 0.J grams in the third weak, bdy the
eand of wvhich all the ruts had died. The rate started losing
weight from their secord day on this tseatment and this was
ths picture throughout the experiment. By the third week the
AMED weioht of the rats had fallen from the Réan gtarting
vplslit of 150.7 ¢xua® t0 116.0 grums, There Wus also a sarked
™@otion in \mter intake. By the eixth dgy all the Mgy
appeared 1ll1, pitting quistly witdh ruffled hair coat, vet
SSpacislly 2round the sex orgamd., Those thit attePed ¢4
wvalk lad = wvobdbled gait. Ths mscst stricxing sxtermal

defect war the amrked ssanciatiocs of flesh.
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first rot to d1s an thie treatment did so on the seventh
day after an aocumilated intake of 29.1 mg. dimetbyl-

pitrosamingé. And the laet rat died after a total dose of

40.6 mg, TFemals rats responied more or lese simfilarly to
this treatment as the males.

Pathologicel Changes.

This lavel of dimethylnitrcaaxine proved to be
acoutoly toric to the experimontsl rats. At autopsy all the
mto on this treatwent showed extrorw emointion end body fat
wns oomplotely abgent, The rate aleo ehowed the presence of
emll amounts of »lood stained fluid in the peritoneal oavity.
In eoma rete this fluid had a colour and consistemoy
approaching that of pure b%1ond. In some others it wne orunge
or almost oolourless, The asource of theee haemorrhagds into
koth the peritioneal ocavity snd lnmen of the gut wme not
apparent. The livers wveré emmll end pale, bdut regular in
outline. The panoreas wae oedemmtous with ajellyliks
appearance, it ocallular lovel the liver was intermeoted by
irregularly ghaped bende of tissus oompoeed of hepatio cells
in varione degrves of degeneration. EFile duct proliferation

vae oocasaiomrlly seen.
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The lunge were somsvhat congeatod and in same ratas showed
apall haremorrthagic aroas. The kidneya wers norwal dut the
apleon wna ehrullon and had a markedly reduced i¢d-cell

FI3.30 Rat liver after intekxs of drinking water
contaminated to a lewel of 500ppm with Di.mthyl;
nitroecmine for 3 weeks. Irregular formation of

fibrone tiepue Heand B X 3o e.
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Bata_on 500ppn Dimethylnitrosamine in their
Gally drinking water.

Rehaviorml Changee,

Pood intake of mata on this treatment followed the Bsane

trond a8 described for their oounterparis ca an equivalent
dose of dimsthylnitrosamine. Marked smmciation of flesh
vas agnin a prominent feature, but the firet rat to die omn
this treatwent did eo after an ascumiulated intake of 60mg

on the 18th day. Agmin male and {~mmale rutes exhibited
8inilar bahuvioral responees.

Pathological Changes:

3gvere damnge to the groas compositian of the interml

oTgana woa not ebserved. Hovover the liver appearod emll
end conseoted and in 211 the rnte the pnnecreoca was
oosdamatonn, Celluler damaogo vas egain reetriocted to ths
liver and the red pnip of the eplesn wae replacsd by large
pale ocallo with vacaolated granular aytoplans. Aoutd
hyperplasina wes the otrioking feature of haopatio damage.
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[a¥s on 200pom Dimethylnitrosaming in their
daily drinkine water

Bshaviorsl Changes:

—

Food intake and growth of tho rats on this treatment
was on e deoline throughout the experiment. 8imilar
ohanges in axtermal featuree wero noted as for rats in
grouP one. Hovever the rats on this treataent survived
for a langer timé ~ pix weeks as comparsd with lese than
three weeks reoorded for rets in group one, By the time
the firat rut died the mean weight of the group had fallem
from the meen stsxting weight of 150.3 grams to 91.4 grams
for female rats axl from 150.6 grams to 94.4 grams for the
mnles.

Pathologioel lesiomn:

In thoso rate dvine after five woeln on this treatment
the liver was ammll, pale and eomewhat irréRulnr in outline.
The edros of tho lobes were falded but no tuwour wns observed.
Hintologieal changsaa in tho liver included necrox lis of the
hepetocyteo with oorndensation of the retioulu=, bilo duct

proliferatian, oell hyperplasia and thiakening of the upper
ar fibres. Pive of the

The

capenle yith an increese in retioul
rate an this trentment had heamorrheg® into the gut.
enount ¢f this wos agaln worinble and in one rat it wvas 15ml.
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all the rata the panoreas was either oodemtons or
prosinontly white or opaque. There wua a amrked reductiom
in the mumbar of red cells in the eplecn.

In those rute vhose stommchs vere distended
hintological cxaminaticnas showed no dotectsble damage to

the various parte of this organ. There waa no visibvle
danage to the grome etructure of the kidney and its fine
structurs revenlod no abnomality., A1l the othar orgunp wore
alono intact.

Grovp gh: Rnta on 200ppa _piethvinitrosamine in their
dally drinkdng water.,

Behavioral Chapges:

Thero wan a grudual fall in food intake ond growth
was retarded. DBoth sexes were affected as in the othor
groups. The death rate wes howsver lower on this treatment
than on the lnat troatmont. The leat rat to die on this
treatnont did ec afier the 8th weck, with an zeevmaiated
diethylnitrosamineg intake of 110mg.

Changes in external featureo were obssrved by the
Tifth wyeok. The hair coet vas ruffled end the rate were
weak, By the Tth wesk the rats had lost mich flesh that
Rey apperred bony and repuleive.
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Ro major abromulity wvas cobserved on the gxroes
gonformatian of the various organs and even thse liver was
oly erell end pale,

In all the rats thére vare evidencee of haemorshage
into the gut. The pleural surfacea of the lungs showed a
nuzber of discrete brown staimm scattered over thenm.
HEistologically the liver mhoved acute liver injury with
ocongidernble variation frum animml {0 animl. Z%he bands
of neorotio tissuve showed variation in the proportian of
ite different conastituents - degonernting hepatis cells,
red celle and red cell dedris, maorophagea, fibroblasts and

young oconnective tiseue.

PIG, 39 Rat liver after intske of drinking water contazinated
with 200ppm Diethylnitroeamins for 7 weeks - showing

extremely severe struotursl change, H & B X. 3a0 .
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Growth of animala on thie treatment was on the daeolins
throughout the experiment es was the case with the earlier
groupé disoussed. Thers were however ecre incresanses in
veight &lthough the overall pioture wz2s that of growvth
retardation. By the fourth week tha rate appesrod puffy and
food intake had satarted %0 fsll. At 60 daye the nean weight
of the group was only 65% of that of the oontrol. 4ll the
rato disd between the 62nd ard the 90th day on this treatment.

Pathological leaions:

This dose slso proved aotuelly toxio. Rmaniation of
flesh was again apparent but some body fat was present.
8sven of the rats bad haemorrhage into the gut. In one
rat the amount of thie was 3Oml. Thie in faot woe the
higheat amount recorded throughout the axperiments., The
livere were amller tban those of the ocontrol, but thay
vere regular in outline and some bad fatty lobes. In sll
the rate ths pancrease was again ocedematous., Ho tumour was
obperved on any organ aad the liver waB charaoterieed ty

hyperplaatic oondition.
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In som¢ rats the epleons were Guite amall wvhile im others

they were rather large. This organ had a reduded number

of red blood celle. Thas kidnsys vere hasmorrhagic. The

testie vore amaller than those of the control dbut their

fine strwture revealed no adbnormality of axy form, The

The okarwmoteristio oedemtous
feasture of the panorecs wus again prorminent.

ovaries too were intact.

FIG 32 Rat liver after intake of drinking water
gontaminatod with {0Oppm DMRA - BShowing dile duet

proliferstim.. H& B X, 300.
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r i patg on S0mn Dimsthylnitrosamine in
thoir dajly drinking water,
Dehavioral Changes:

This doe® proved more toleradble than the previous
ones, ae foal intake wes normsl for a longsr time, and caly
etartod to deoreare after the sevonteenth week. Wolght
gains were also reoorded in the firat {ive weekn and when
tho animals started to lose weight thie was very greduaal,
Ry the twelfth week however loas in weight had becowve
appreoiadble and the rats were lcoking guite 111, eitting
quetly for moet of tho tims. Ianter thoy eterted to shi .ver,
and breathing beocams diffioult. Soze of the rats had aorve
around the throat and the arcas around the eex organs vere
vet. The hair coat was brown instead of the charmoteristio
gloeey oream colour. BEY the nineteeath weekx the rate had
becomé MO0 veak thai thsy were unreaotivs to teaaing and

food and water intake had becoms impressively low.

Prthologsioal Yeelong:

Bate 4ying after twonty weeka ehowed gross abnormality
in ths liver etruoture. Thie orgsn had its lodea svollen
and t onss and wvus distortod Wy a large rubdexry ™se on ite

PTOXimal surface reesubling a savccmm, Tour Of the rute

0ls; had tumours on their liver lobes.
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These outgrowthe were whitish ani roumded structures
protruiing just away from the edge of ithe lobes.
Histologloal examination of the tommour showed no defined
céllular organisation. The parts of the liver where there
wore no tumour ehowed nmuch less gensral osilular damnge.

However there wiss a gensralised increase in cell size vith
large nuolei and npcleoll,

.‘-1 - w -
W S
i

- -
II h ‘I -
.
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Theso outgrowths were whitish anl rounded structures
protruding just away from the edre of the lobes.
Histologlcal examination of the tumour showed no defined
ocallular organisution. The parts of the liver vhere therxe
were o tumour showed muoh les8 general ¢eilular dammge.

Bowever there wae a gondralised increas¢ in cell eige with
large nuolei and nncleol
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: Ruta on S0onn Disihrlnit oaanine in
thedr 4oily drinkin~ wnter.

Behavioral Changes:

By the 120th dmy on trtmtl;\t the nean woight of the
group was significuntly lowar thon that of tha oentrol
group. Toal intake Madl nlao fallen remsrkrlly., Dhe rets
had nblomiral swelling Quo %0 fluil seormulation in the
“poritoneal cavity. "™his fluid probably mclksd the deteo%ion

of an enrly loes of waight due % exsciation., By the 170th
day of troatment all tha mmts had died.

Pathologioal Ohangee

At neoropsy thwre w2 a variable gmntity of fiuid

- in the peritonesnl oavity and the panoress was oedemstoum.

Bub-cutansous odems over the abtdomina) vall was obeerved

in eome rate. Ths liver vas 8wollen, dark and mottled.

Fo tumour wyns observed on this organ. Asido from a little

¢lear pericardinl nod plemral exudate in some rats there

#e'e 10 other laniona visible to tho nakmd-cye,
Histological exgminetion ohowed variebleo and lecns

extensive dam:ge to 4be liver.
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The hyperplastic liver cells had wery large nuolel with
large wultiple nucleoli. No histologiceal sviderce of

damsge ‘o any other organ wis odserved. - -

FIG. 31 Rat liver after intaks of drinking water
ocntazinated with SO ppm DERA -~ gShowing
sarly centrilobular necrosis.

H& B I Soo
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Rehavioral Chunges

Ozrowth and food intaks quite normal ard the effeot
of the treatment vas not mmnifested until the 25th week
when growth and food intake etartéd to fall,

Mmthological Yeciuvne.,

Six of the rats developed tumocure which were localisped
in tha liver. Ko othsr orgers saside fros this was involved
in tho neoplastic proocess.

The liver involved wers grossly enlarged and had
mltiple, pale elevated modules. Ocoasiomlly the tumcure
apposred gystioc with a dark yepllow coat.

Oroup Sb: BRais on 25oum Dlothylnitroesnming in
thetr daily drinkinz water.

Rahavioral Chancosa:

Growth followed a siailar trond eo Zor rate in group

Sd. ihgre ¢S not cuch to be ceen in tho external features

of tho rnts.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- 457 -~

pathologionl Chanes :

The main oXgan affected wnas again the liver =2nd eix
of the rate ehowed inoidence of tumours in thsir livers.
in soap rate the appendix was dietended just as the
stomaoh, and ths penoreae wae cedematous.

In those parte of the liver vhere there were no
| Cusour, the normsl architecture of the liver was not much
altexed.

Ggroup 6a: Rats on 12.5ppm Dimethylnitrossmine in
their duily drinking water.

Behavioral Changes :

e mts vere quite aotive throughout the experiment
end their growth curve wes quite normml exocept for a elight

drop from the 32nd wesk to the 39th, when the rats etarted
to dia.

Dathological Leajong:

A1l the rate on thie treatment developed tumocur in
their Jivere. In some rate ths stomachs were anlarged
nd the pancreas was oedematous. The kidney and the

rest of the gastro-inteetinal trmoct were noreml.,
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arggp 6b: Rads on 12,5ppm Disthylnitrosamine 1o
thier daily drinking water.

Rehisvioral Changes:

Rot emah oould be noticed in the extsrncl features
of mts in ihis group, Their growth rete and food intake
vere more or lees 8imilar to those of the control animals,
%he rats in this group were also very aotive throughout
the experiment.

pathologlon) Changop:
Tbe ohamaoteristio liver Azmege here wvas agrin tumour

grovthk, The kidney anl the other orguns were intact except
the panoreas which was again oedematous.

Group Ta: Rate ou O,1ppm Dimethylnitrpeamine in
their daily drinkingz water,

Beshaviorpl Changee:

There was bardly any difference in the growth, food

inteke aml srtermal features of rate on this treatment
vith those of the ocontrol.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



T

3

Syavwa, Nl B vERel.
! >

"_ﬂ:‘
4048 v Oow

e
2

ﬂ#ﬁ

|

mter,

. 35 Doae respanse curve far eurviwl tise of rets an

greded levels of Kitrosaine in their dsily drinking

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

_——




—

INFLUENCE OF VARIOUS D
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OF VARIOUS DOSES OF DIETHYLNITROSAMINE ON _THE.  GROWIN OF EXRERIMENTAL—RATS —
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Conolusion:

Dimethylnitrasamine and Diethylnitroanmine are very
potent liver oasrcimogens, producing severs liver neorosis
in mts. DBoth aexes are more or lese equally susceptible
and the results of the various experiments revoaled a
clear dose-responsate relationship,

An outstanding feature of the nsorosis induoed by
dimethylnitroesmine and diethylpitroesamine ie ite very
haemorrhagic chamoter as the liver lesion was frequently
aococoppaniad by btleeding intec the gestio-intestinal tract.
This feature ie however more prominent in rate poieonsd
vith dimethyilnitronamine than in thoee poieaned with
diethylnitrosaxing. This difference in prominence i
prodbahly related to atrmotural differenoes between the two
oompounde. The tendenny to haemorghage in the rat mmy be
the result of the action of the poismme on blood vessels.

Changes in the fine etruoture of rat liver cells
daring thé development of the aoute necrotic lesion
inolude gyelling and vacuolisation of the endosplasaic
reticulum followed by progréseive mocumulation of fat.
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Kot ons eingle oral tumour wae abeerved eugcosting

that irrespeoctive of the loaoal eits of ndminiat=iion,
disethylnitrosamine and diethylnitroeamine are hepato-

spscific.
Teatly, it wonld appenr that the tandency towvand

tumour growth is of a higher probability wvhen the doses
ara emall, ‘or high doses SO0pna - S00pmm terd to kild

the mta too early for the on get of tumour.
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ARVESTIOQATION SIX

The purpose of thia study is to deterains how the

effecta of eome levels of dimethylnitrosemine opn 1iver
funotione are influenced by varioue planse of dietary protein.
Ezporimontal Prooedurga;-
(a) Arrsngement of the Experjnmental Rate

Four rats were placed on each treatment and eaoh rat
wae houeed in a separate aetabolio oage.
(b) Dosing with NitrQeacjne

Dimethylnitrosamins wes ueed. The levels edminiatered

were ae oenumerated telow and the route of edminiatration

was oral, via the drinking wster.

(1) 100 ppm Dimethylnitrosesine in dnily drinking water

( 5 ) 50 ppn " tl " " "

«(3) O0.1ppa *
*¢(4) Palm wine in place of drinking water

(5) Norasl arinking water.

t tt L] [

*Ritroesming level in Ogogoro
** For Nitrosamine level in pala wine.
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The purpose of this study ie to detersins how the
effectes of eomé levele of dimethylnitroaamine on liver

functione are influenced by various planes of dietary protein.

Experipental Proceduree:-
() Arrsngepent of the Experjmental Rata

Four rate were placed on sach treatment and eaoh rat

¥ae houeed in a separate motabolic cage.

(b) Doeing with Nitrgoaamine

Dimethylnitroeamine was used. The levels adainietered

Yere ae enumerataed bdslow anA the route of administration

¥ae oral, via ths d4drinking water.

(1) 100 ppm Diasthylnitroeamine in daily dArinxing vater

( 2 ) m ppu ” " u M w

*(3) o.1ppm % :
n(g‘) Pala yine 1p plaoce of drinking water

(5) Hormal drinking water.
*§itroaamine level in Ogogoro

1t " "

*¢ Yor Nitrosamjine level in palas wine.
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(o) Snvirensentel gondstions

The eXxperiments were carried out in the 4spsrtaental
Animal Houme where the rats were exposed to eimilar

environmental oconditions, i.e¢:. temsporature, relative

humidity, light, eto.

(4) Asesy parjoed

The Aemay poriod was 15 daye on each "drug®/dietary

treataent.

(e) Dietary Arrangement

The diets were variouely prepared from s dbasal diet

such that they had grasded mrotein ocantent as followe: -

Diet Ko. 0% Protein (i.e. Protein-rree)
" HMo. 2 L} 4 ¥
" No. 3 109 =
" Eo. 4 138 -
" Fo. 5 20% 1
* lo. 6 2%
The oompositions 0f the baasl diet, and the salt and

viteain mixtures are given in Ohapter II, section Ivii.
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na;QMMMmgehgpg o eaoh Group of Rate were as fo
‘ 100 ppm Dimethyl- 100 ppm Dimothy)- 'l l1001:;:- Dime thyl-
nitroasmine % ni trosam! ne 5% ni trossmine
H 5 prma M Dietary s v n Dictary | SOppm ™
IO.1 o "t Protein 0.9 " - Protein | O0.1" P
Pala Wine Level Pala wize Level , Pala wine
Noramal water Noraal water | Normrl water
100p7a Dimo thyl- T 100ppn Dimothyl- 100ppa Dimethyl-
ni trosamine 7% 4 ni trosamine 20% | nitrosamine
Opps " Dietary SOpm " Dietary Oppa "
0.% ® F Protein 1.0" " Protein | 0.4" 5
Palm wine Level Paln wine Level ﬁ Palm wine
Normal water Normal water Kormal water
L e 1. o 3 B




From the observations made on the perforxence of
the experimental animals on the various dietary protein
levels, and normal drinking weater 8 protein-froe diet or
one with a 5% or 10% dietary protein levsl would not
support growth.

A dietary protein level of 155 while aupporting growth
would appear to be Just adequate for maintenance, Rats on
dietary irotein levels of 20% and 25% respectively showed
si@e charsoteriatic of normal healthy growth, Hosvever
the offioiency of utilisation of dietary protein by the
experinental rate begina to deolins above a dietary protein
level of 20% i.e. "diminiehing returns" asete in above tiis

lavel.

The group of animals on palp wine showed a eomewhat
sinilar trend in growth as their counterparts on normal
weter. But on all the dietary protein levele (0%, 5%, 10%,
20 and 25§;) the rate showed atatietiocally significant
improvenent cver rate on ordinary water.

Orowth reaponae of rats on 0.% ppa dimethylnitroeapine
¥s0 not eigoificantly affected on all the dietary protein
levels, to suggeet any marked effeot of this oAl of

contamination on growth,
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- Orowth was however, SpiTecindly depressed ir rats
100 PP und 30ppe dimethylinitrosamine and thw vepious
dietary Frotein levels. The grosth jattera of e rets
‘gere NOt Buoh affeotnd when dietary protein were Og, 5

and 10% respeotively in comparieon vith ths eontrol EXOUR,
sherefis one would have expeoted the "drug” to furtder

ANplify the emactition of tissus cauxid by these poor
diete. 7Thin eugizoests that thg effectl of the carcinogm
yae not fully felt by ths rets or protein defioient diete.
The resietance of rete on 0x, SX end, to soie oxtant
10% dietary protein levels, to the toxtcity of dimethyl-
nltrosamine was asply oonfirsed dy the results of ths liver
funation teets.

With rats on 20% and 25% dietary protein levels, the
hepatoxioity of dimethylnitrosemine st levele of 100ppm

and SOppm over the experimsntal period sas sanifested dy s
Barked elevation of the aotivity of alxaline phosphstase

in the eorum, appreciadble rise in serum glutemic exmlacetate
traneaninago; & marked depression of aerum total protein,
and an elevatiion of blood eugar level, and slight increases

in gerua »1ijirudbin and urine urobilinogan, sbove the
l

nor_.l liztta. %1ith lower dietary protein levele, these varioue
effeots were reduced ap osn be seen on the graphse,

Widh a loyel of 0.1 ppa the effeota on liver funotions
OVOT the experimental poriod were just deteotable.
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ADDIT IGN AL
pome TREATMERT

Normal ¥Water
Pala VWine

O. 1ppa DMHA
50ppm DMBA
100y DMNA

Horwal ¥Yater
Pala ¥ine
O.i1pa DMRA
50pra DMNA
100ppn DXHA

Normal Vater
Paln ¥ine
O.1pm WMNA
S0pm WA

100ppa VMBS A
—
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PARL { oG D.

MBAX KCAR
ADDITION AL STARTIRG| LASY
7REATMERT VBIGA® | VRIGHD
(0.) (G.)
Hormel Vater 113.5
Paln Ving 100.0 115.0
0.1ppa DMRA 100.0 112.2
50ppa DICTA 9 100.3 109.5
100Pm DMK A 100.4 101.0
Normal ¥Water 129.8
Pal» Yine 100.0 130.9
O.1ppa DA 101.0 126.5
50pm DN, 100.5 116.1
’_ 100ppa Dvg 4 1115
' Eormal, Water 154.5
Paln ¥ing 100,5 158.8
O.1pm DMEA 9.5 130, 2
J0p=m DMNTA 120.3
100ppa DmA 1€8. 0

)

| MBAR
| WBIGTT

GAIR
OR

L033(a)

+12.6
+19.0
+12.2

+ 9.2
+ 4,0

+29.6
+30,0
+25.5
+15.6
+14.4

+33.8
+38.3
+30.7
+19.5
+33.4
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| uﬁ l'h
PMBIH

(G/100n1| 1%)

— 1
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5.90 | 90.2
6.10 | 9%.1
577 | 9.2
5.50 !127.1
5.20 1135,2
| 6.30 | 86.0
6.70 | 9.4
6.70 | 81.8
5.20 [153.4
5.00 [141.4
7.10 | 68.3
6.90 | 68.J
6.80 £8.0
5.00 [133.0

4,70 |i42.2




Wviis om na Ml O P alrMmeisddunt

A3 CANIMATED FRQw fodul ¥
$EhUn SAISALUAR PeD)rmal S evw GuTsNA craLACEIAME

IRiqdem a4se

. Ta¥a =y geal ’
ra amc  moem buest  Wldh OF 4
[] gy (@6
L]
[ 4
|
* -
= /
g = 1 / 8o po iame
- = - | L ]
= I ‘Q-” (r v o
- 7 -
- ! 4
o' - - L4
# ,.0""'_-;.. ¥ !.“ - s
o - . P T ¥ r o
i-'.’ - > 4
[ ] +
‘ .J’“’
o i
-
E’ *~ =1
= —
o — ——
i n
o = -y —
L | b - e
optare  000%%im 0 ™
il
= i =4
= il
e | Y. )
_-"
il - - -
T =88 o
= = S e C -
=" A Ofiod 43N e L9104

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




-1 -

The experinents carried cut showed that a protein-free
Alet or obs vith a poor protein content reducea the toxic
effects of dimethylnitroaasine in rate. Thie information
was gathered froa the growth responses of the rats snd the
resulta of the liver function tests. This cbeervation
therefore confiras the finding of Mclean and Ficlean
(199¢0), and SBwan and Mclean (1970), who reported that rate
on 8 protein~free diet developed acme resiatanoe to the
toxicity of diasthylnitrosamine. An explanation for this
sparing effect was advanced by fMclean (1971) wko reported
that the mstaboliem of dimmthylanitrosamine in the liver ¥as
reduced by half wvhen a protein-free diet Wae fed to the
Poisesoned rate, This inveetigation therefore further eupports
the view that dimethiylnitrcaamine iteelfl is not toxic dut

that ths active principle is 8 metadolitec.
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ana 30ug tetreacyoline nyasnonloride in water was 2dminetered
to the rate tsice daily two deye vefore the experipent
snd once every other day during the experimental pericd.

(4) Environmental Conditiona

The experiaant wae carried out in the dapaertaental

ani“al house whoia the rate wern expoced to sialler

environaental conditions, i.e. temperature, relative

hunmidity, 1ight, etec.
(e) Aesay Porigd

ABsny periocd ves for 15 dAnyYs on osch treatment.

(£) Criteris for Judgement

This v&s a8 in inveetigation 6,1.6. the erfeots of the
various treatments cn ecmsé functiona of the liver, vis.
Bile pigmant metabolism, setebolioc funotions (Protein and
carbohydrate metadoliar), and regulation of enxyme astivity

in the serum.

fcoulte

The resulte ocbtained in this inveatigation sehow that
in germ-free rety, Just ue in conventionel rates, an intimmte
reletionship oxiste in the toxicity of dinothylnxtro.‘.in.

and 4ietary protein levele. In both rat §¥pes the toxie

offect: was wilder on protein deficient diets.
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TARLR YITI.  JUETIgTICAL ABALTSIS OF THB RESuLrg OF AITROJANUN:

20JS0KTNG JF SKRUN-PRER EATY (X =  CONVEETIONAL RaT)
3 GERA-FREB  RaT)

(Y =
| erYsroroezear | . | = W il
TRST . - Y 3B (X-Y) % | 00BOLUSI0N
Jerum Protein 5.21 4.90 0. 2308 1.343 DIPFEREEORB
Level ‘r WIOAB
Rlood Suger 116.0 117.8 5.362 0.336 -
Level =—q _— — T — —r —
Sorum .
Urine »
Urobilinogm 10‘9 H 1 ® ‘3 0.2644 10§2
# = #" *——————r

Alknline .
Phosphatase 6.35 6.22 |  0.3542 0.367

e ] + 1
Serwm Glutamio H
M.Otate 16 088 '6.‘2 ‘0899 00‘002
Transaminase |‘ i
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gonclueion

On the baeia of the differencea obtsinea on the effeote
of dimethY1nitroeanine poisoning and plane of nutrition in
conventionsl rate and in gern-free rate it would appear that
abeence of gut bacteria by pre-treating rete with antibiotice
results in a elight towering of the toxic offacta of dimethyl-
nitrosamine eepecially whan dietary protein level was adegqiate
ueing changea in 1iygr funotione ae criteria for Jjudgement.
While thie elight tovering effect vae nct etatistically
significant, it may be of ecientific aignificance.

The milder effecte of dimethyiinltroaeamine poisoning
in gera-free rate ooculd nean that the interplay between
gut bacteria and nutrients {especielly protein) in the
gut reeult in the productiacn of nitrossmine precursors
nanely secondery amines and nitritee which aight resot in vivo
to forn nitroeamine. Thies would then euggeet that the effeot
of eny level of Qirmei¥initrfosomine poisoning ie in fact the
overall effect of e edniniptcred doee plus the effect of the

8mount produced in the gut where thie happene,
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On the baeie of the differencee obtsined on the effeotes
of dimethylnitrosanine poieoning end plene of nutrition in
conventionel rete and in germ-free rata it would sppear that
abeenoce of gut bacterias by pre-treating ratec with antidviotica
reaulta in e slight towering of the toxio offecta of dimetbyl-
nitrosemine eapeoially whan dietary protein level was adegyste

uaing changee in liyfr funotione as criteria for Judgement.
While thie elight f(owering effect wee not etatiaticelly
eignificant, it may be of esoientific eignificsnoe.

The milder effecta of dimethyianitrosamine poieoning
in gerz-free rate could asen that the interplay between
gut bacteris end nutrients (copsoislly protein) in tha
gat reeult in the producition of nitrosanine preouraore
namely eeocondary aminee and nitritee wvhich might roaot in vive
to fora nitroeemine. Thia would then asuggest that the effect
of any level of dimetivlnitrosamine poisoniag ie in fact the
overall effeot of (ho sdniniotercd doee plus the offect of the
8Z2ount produced in the gut whore thie happens,
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There are two main reascns for studying cancer-
producing agente, shether chamjosl, physiocsl ar viral,
Pirst, o knowledge of the nature and, souwrce of a carcinogen
46 an ecacntial port of sodern biologiocnl techiology required
to ensuwre that such substances are not unwittingly introduced
dnto our onvironment. The recunt recognition that most
gancera are not ineviteble dut oroc ocauecd by environmental
| factors bas tLerofore had ioportant practf{osl results in
directing increnced rosearcl: 1g¥arda the identifrication of
sources of cancer-inducing cgonts, oapecially chomical agepnts,
in our environment.

B8eocond, e thorough underetanding of the aochanies of
gansar induction, wheredby a cell is trensformed into a
‘gancer ! cell jie an important tool in the developaaent of
cancer chemothsrapy. FProgress along tiie line has developed
" from fundamsnts] studies on tle chemistiry and mode of actiom.
of canser-inducing agente. The initiel bolief that only a
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abstarces with Ope0ific propertiea would have the sapeoity
iloe 0<n0Or has net Yeep l10ed

8inco “i0 4iecovery of
) $hp inofenio proportlce of
pthylnitresanine by Moﬁ& %?6, various attenpte have beem

FS—O-—UTNeTV=VNe-dangoery pooed to man by the rrocsengce Of
{irgeanine i the emvirument, gaPeoially mow tiet they have

T OO ®d an ene of the post versatile ea) fermidabdle
Beul 61 ourcinogens yet digcevered: Thus an =scssamant of the
of contaninntion of vheat fleur (Margua=¢t, 1966), ezoked

sh (Famie ot ml. 1971), and todecoo end tolmcco snoke

Serfontein and Rurter, 1966), with carcincsenio nitresandne
dve beon @arTiod out. Analypie of homo-mads winme for H.HO in

of XZanya where Oosopharenl capoor £0 oon:sn has aleo beam
ied out by page epeotromeret,. (Diller, 1972), Collis (1972)

able to deoconitrute a positive cerslatiom betweom ocesopbogwal
oer and the A:inkirie of 'dess’ made frem osveals,

The mrmalytical survey for ths wmvsesont of the level ef
ontax on of jiigeria'as Andigzencud alcebolio dbeveruges

#th ocarcinoganic nitrosvzipe, carried cut in the reeent wvork,
0 therofore in linme with the owrTert [rnotical stepe towards

§lie preventisn of camcer in mam,

.'
| The regults of the aIvdyd have desemetratod the
Fecence of dipethylnitvesa-ise and diethipitrosanine im

Xeris's local aloehclic beversges, nansly Peln wine,
Rorvigtu, Fito, Oti A qpeshe;—esd—aldoin-a locul ;la called
IEVNTO .

W“ are pyoven potent liver caroino{reme
Foduolng Sevess river neoroeis’
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in all enimal 8PScies in which tepte have been reborted

tDruckre.v et al. 1964; Arges and Koch Ligetti, 1953).

There is nlso evidence for their metabolieg into active
carcinogenic products by huron liver slicee (iagee, 197‘0)-
Disregarding the amounts of nitrosaxipa fouand in the
beveragos for the t ime being, their preasencse at all in a
common food item as our alcoholic beverages ia of some
concern. Much of thie omecern is related to the fact tlnt
in our country about twenty million people consume thiease
alcoholic beverages and over one-third of thia nusbdber do

00 with ooneinerable regularity. Many are even prodblea
drinkers, and some have profreaczed to olasaic sleoholios
where there is not only a psyohological dependence, dbut

elao & phyeiologlcal depandenoo, wni'ch has been Lrought about
LY ths individuanl'a inoreascd tolcorance for alcohol and hie
physical oraving for the subetanoe. The presance of
caroinogenic nitroaamine in our looal slooholic beyeragea
therefore call to queetion the wholeceocene®s of theae bevers-

gea espcoinlly wiih reletion to canoer incidence in the

oountry.
Previously, oulr locel slooholic baveragee, ospecially

Dd& wing Thich i3 the moet popular, have only been

casusally relute® to cancer incidenoe in hizeria. Other

nabite too, such ae ezoking, the use of snuff, and herbdal
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FEBedles, hsve besn blemsd. maingtem, (1964), in kis
repoi't to ths Internaticnal Union Aginst Cangur, 7as just

lﬁlo to dsmcnetrate s nigier ilnoidsnas of Oanser of the
various Parts of the slimsntary tract in antives who Arink
theae locsl bress than in those pespls who &o uSt.

This Wpe of obssrvation could at bset bte Only csuse
suggestive. As g matter of fact, any other ccrreletion

can be eatadliehed botveen mncer incidence sni mme other
totally unrelated hadit. PVor examyle 1t is poseidble to
establish & correletion betveen cancer incidence snd
attendanoe et Chureh:

The discovery of nitrosasins in our locsl slecoholic
beveragee hees therefore fone aush further in identifying

eh eatadblished group of chemical carcinogene vith thaee
elcoholic boversged. Wnhile the nitrceaminocs mey not de the
only ecancer induoing sgente in palm wine and the other
beveragos investigeted, thay fora et losat 8 group dy whiah
the role of these fvod items in the @etiology of humen
canger in Kigoris may be Dartly scsoeeed.

It is convenient st this point to canpsider the gotual
level of contaminetion of our locsl slcoholic poversges with
oaroinogenio nitroeasins in other to ePrreciste the potentisl

role of auab levels in our environment.
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The total amunte of nitrossaine found in palwm wine,
Burukutu, Pito, Oti Agbagha and Ogogoro are 30 ng/litre
(0.03ppm), 58ug/1itre (0.0%8ppm) 5Cug/litre (0.0%npa),

21 ug/litre (0.02ppm) and 100 ug/litre (0.1ppm) regpeotivelY.

Bietopathologioal etudies ocarried out showed that
groups of rate whose Arinking water had teen cantasinoted
with graded levels of niltrossmine, showeld a oclear dose-

reaponse relationahip charaoteristio of nitrossnins poiecning
up to & contemination level of 12.5ypu. Rate on much lower
levela of oontemination, inoluding &« level of O.ippm founA
in Ogogoro, grew well and hiatcicgical examination of their
livera and other orgnna ehbowad no apparent difference from
thoee of the control animmles.

Hovever, biochmical etudies of tho early alteratione
caused %o rat liver funotiocna by geded levels of dfsethyl-
nitrosamine contamination, revealed that s level of O.1ppa
found in Ogogoro could reault in a slight impajruent of the
bile pigment metzbolisa, elevetion of blood sugar &amq an
inoreaaed activity of alkalipo phosplhataes, and seraa
glutamic oxalaocétate transeminaee in the dlood.

Therefcre, on ti® baeia of thie bviocahesical etudy the
level of wontaminetion of “gogoro ¥ith carcinogenie

nitroscwine ig narmful to tho rat.
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If the eage effect is expected in man, then thoae

people Who make ga regular habit of exoeeejve iDtake of 0gogo-~

ro need to be cautioned. For example i{f & parscon takee a
litre of Ogogoro everyday, he would be ingesting 100 ug
Ditroeamine a day. Aesuaing this habit wae formed at the
youthful age of 20 years, by the time ths individual ia SO
years he would have taken e totsl of 1095 mz. The
progreeaive effect of this could terminate in cancer.

We have to realise too, that cur alooholio beveragea
are not the only ohannel through vhich our eystea could
come in contsct with carcinogenic nitrcoaminee. The \
poseibility of other ascurces of thie group of chemical
carcinogens in the environaent lien in the ready distribu-
tion of secondary aminss snd nitritee in plent materials
which mi ght react to form nitrosamines (Druckrey st £1.
1967) .

Morecver, carcinogenic nitrosamino® are not the only
chempioal caroinogens present in our environment. A hoet
of othere are scattered 0ll around ue, Ths dangers from
coaltsr, oot and oil and the saromatio aminen of the
dyestuff and rubbor induetriea have preoccubied the
of many vsorxere for a lon8 time. Chemicanle

attention

suoh ag herbicides, ineeotioidss, fertilieers, antidiotios,
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detergenta, metals and the produots of fungi and mould
contaminate our food materiala. The potential contridution
of the latter are particularly well illuatrated by the etory
of the afiatoxina. 1In addition to contamineanta, food

addi tivea of increaaing complexity are nov uaed as colouring
or flavouring agents, artificial sweetnera, preaervativeas,
and emulaifying agents. Therefore, rether than diamiea the
level Of cantamination of our looal alocholic dbeverages with
carcinogenic nitroasaminee aa insignificant, we muat think

of it as an additional =uroe of the canoer-inducing agenta
in our environmant. As a matter of faot, the combined effeota
of theae various ohenicel oercinogena at aeemingly harmlese
concentrations may be the riddle dehind the high incidence

of cencer in the world today.
2. Mode of action of ihs nitroesmine 8 _preeent

in the alooholio beverages

a. Pathologioal FPffeoisn
Por a proper Jjulgement of the potential role of

chamical esubatsnoea in human carcinogeneais, a thorough
underetanding of the interaotion of these chemioal aubatancee
and biologicsl aystema 18 essential. For example 1t ig
eaaentisl Lo know whether cancer oan be induced in every

OrgaD of experimental animals, and whether the necoplastic

chengee are oompirable to oorresponding tumoura in man. .
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!?'nﬂﬂ' to thie Queetione requiree systematic studies 8nd
it is en important tool ipn the aecond major "ocancer Problem”
whioh is therapy.

8ystemetic studiee carried out on the Paticlogical
effoote of the nitroaamine typsa found in our local 8lceholic
bevoragee proved that both dimethylnitrosamine end
diothylnitrosamine are very potent liver oaroinogone
producing extensive liver nooroeia wiid high regularity.

This T8eult therefore ocnfirms the earlier findingm of

other workers including lagee and Barmes (1956), Baile and
Cbhrietie (1959), Druckrey st 8). (1964) who showed that the
typicel acute lesion induced bty the dialkylnitroasmine is

necrosaie of the liver.

Hot ono ejngle locsl sarcome wes obeorved in ths mouth,
the route of administration. 8Since hydroxylation occurs
mainly in the liver (Druckray, 1964), the reeult aleo

alludee to the fect that nitrosaminos are non-carcinogenio

per g6, but become 80 only after metabolic sctivetion in the

liver. Evidence for thies conversion has bean disousaed
oxtensively by Proussmamn (1969), Duokrey, (1969), and umgee,

(s970).

A cloar
the 1{vera of rate on #reded lovels of dinoth,ylnnro.“m,

dose- roapone® relstionshil wes observed in

treatments respectively, uP o 8 contsmination lgyel of

L
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12.5 PPm 1in the daily drinking water. However, ©xtonaive
quantitative etudies by pruckrey ana Steinhoff (1962), and
Argue and Hoch - Ligetti (1963) have revealed n dode-reepono.
relationahip down to a dailly dyeage of 0.075 mg/kg body Yeight.
Death rate was also related to doae in the rat

aupporting an earlier obaervation by usgee and Barnes (1956).
At autopsy, rate on 500ppm, 200ppm and 100ppA levele

of contamination reapeotively showed sxirene emaoiation end
conplete aboence of body fat.

Ko tumour was obaervod on any organ of the rate on

these same levela of contamination. 6ome rate however
developed tumoura of the liver on 25 ppm and 12.5 ppa levala
of contamination reepectively. The induction of liver tumour
in the rate hese also been ahown by 9chmahl and Preuaamann (1959)
end ¥agm ee and ; Barnee (1956) only ¥ith low levels of ocn-
tamination. [io tumour vae obéerved on any other organ even at
concentrations inducing liver tumour. However, lagee and
Barnea (1962) have induoed Xidney tumoura in rate by foeding
high doee levels for short periode. The tumoura were not
olinically apparent until a year or longer after the treatment
wae 8topped.

The 1iver neoroeia induced by both dimethylnitresamine
8nd diethylnitroeamine vas al80 8000Hpanied by haemorrhege

into the gastrointestinal treot and lungs. This chaervatiop
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was firet made by Nagee apg Barnee in 1956.

Mele end femnle pate reeponded gimilarly to

dimeth¥ylnitrosamine ana diethylnitroeamine poieoning with

the Same regularity, coafireing an earlier cbecrvation by

dagee and Barnsa (1956) that aex differencae do not

influenoce the toxicity of dissthylnitroeasinas and
diethylnitrosamine.

B. Effecte orf dine
syeteme

Nuoch work hee been carried out by verious workere on

the effeot of dimethylnitroeamino poieoning on eome
bioochemioal prooeeees in the tody. One of earlieat, and

moat extensively atudied is the effeot of nitroeamine poisoning
on the nuocleic acidse. Thua dizethylnitroeamine has been
ahown to methylate nucleio soide in the intaot animal and in
rat liver elicea (Magee and Parber, 4962; Magee and Hultin,
1962) ueing 14C - dimethylnitroeamine. koat of the motivity
in the nuoleio #20ids wae 7 - methylguanine. Labelling of the
RRA and DNA of the kidnoys also ooouwred, and wae ahown te

due to 7 - methylgusnine, but quantitative

be largely

incoprporation wae coms idercbly lower than in the livepr

(Craddock and Megeo, 1963). More recently, Lawley and

Brookes ((968) demonetrated alkylation of nucleioc acids on
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adenine and cytoging noioties,

The biockeaicel etudies cerried out in the proczent

SOork vas aimed at £finding oyt more about the early biochemical

changes rosulting in the overall hiestopathologicel lesion
oheracteristio or digpethylnitrosamine poiscning. The
results Bhow that ohangee do occur in rat iiver funotions
in the course of the developmont of the neorotio lesion
induced by dimesthylnitroesasmine. Among the earliest of those
changes is the inhibition of protein synthesia. 7Thie wase
manifeoted by low perum Protein levels in rate treated with
dipethylnitrosssine, irreapective of dietary proteln level.
Thic rseult is coneiatent with {he observuation of other
workere using verious othcr criteria. MKagee (1958) showed
that incorporation of 11‘0 — anino acido into liver proteino
wae rrediced by mbout 504 by three hours efter a neorotieing
doss of dimethylnitrosasine, the extent of the reduction
being the ezme in ths different suboelular fractions of ths
liver; and in isolatod Riorosode + cell skp preparationg

incorporaticn of amino acids wvae impdired. These

vorkers have therefore suggoeted that the initial damxprnyg
action or direthylnitrosaaine on the liver oell my bve ip

the gpioroeome structuros. Tiis view has aleo reoceived

support Trom the work ol villa-Trevino (13965), who observed

progressive breakdown of the ribosomal nggredntes acne hour
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eftar adzinigtretion Of A1me thylnitrosnmine, the ortent
of breakdo¥n dboing proyorticnsl to the degree of inhibition
of protein eyntheels.

The esrly inhibition of protein synthseis in the \
liver 28y be related to tho aocumuletion of 1lipide in the
parenchyma)l oell, through the inhibition of syntheeis of
plesna lipoproteins, whioh are the wohiole for traneport of
triglyceride eway from ths liver,

Blood sugar level was alpo rsmerksbly eleveted in rets
wliocee Arinking water had been contaainated with dimathyla
nitrosanine. 8inge the liver ia invclved in the rascval
of mgure by glyoogsnesis, this rosult euggeste that the
blood eugar regulatory maschaniss ie diestorted by disethyl-
nitrosamine poisoning., BAwaelot and Mizrald (4961) have
sleo reported progressive loee of glycogen from livere of
rate treeted wvith 4imsthylnitrosanine.

9erua bilirubin level was elightdy incressed in rate
on dimecthylnitrocsaine troatdent &Lowing that bile pigment
me tadolism i¢ ‘apaired during the course of hepatio AsmaEe
1nduoed by Adiscthylaitro®emine. Thle view is also Suppertea
by the rise in the urine urobilino@ed level of the
experieenial rte.

Considoreble leakage of the enXyEfSs alkoliné phoephitase

And serum glutaaio ocxalgGetate transaminads into the sorus
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etudy the £0le of teee otRdid ane in camcer iagwsticn.

It has been reporteq Uit & protein-free dilt protected
rete ajsinet acute dimeynylaitrosanine poltaoming (Molean
snd Versehnurene, (1969). As e follow-up,& atydy 6o the
effeote of grwded dletary protein lgyels & the toxieity of
disathylnitroes®ins wge made en espeet of the precent otudy.
Thie pert of the work hss besn prampted by ths fgot Chst
people ¥ho amight be exposed to dimeotl¥linitrosamine poisoning
sre under dirferent plsnes of nutrition, especially as it
conocerns dietary protein levels.

Changee obeerved in thes resul ts of the liver

funotion teste, when gruded dletary protein lovels were

fed to tha rats have proved oomvinoingly that protein-

free diets or diote low in protein oantent relsx the

toxio effeot of dimethylnitroeasine in riite, %hen . qgietery
protein level wae high (20X and 25% levele) indioces of
dimethylnitroeamins toxioilty werc manifested by e low

serus protein level, elevation of blood suger, impeiriignt
of bile pigmant motsboliem and high levels of glkaline
phosphatase and aerus glutaalo exslacetste transamingse

in the eeruis 58 reported carlier. With diete lmoking or

n these Bame offeots were cbeorved but the

low in protedi

aagnitude wed reduced by sbaut hslf. These results

relstionship between
therefore ehow  1ntimate P the diet and

the csroinogenio und toxio effeots of dimethylni trossaine.
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:t'udy the role of these oanditi cne in canoer induciion,

It hae been reported that e protein-free diei proteoted
rets agaligt acute dimethylnitroeemine poieoning (Molean

and Vereohnurene, (1969). Ae a follow-up,e otudy on the
effeote of graded dietary protein levele cn the toxicity of
dimethylnitrosanine was made an aspeot of the preeent etudy.
Thie part of the work hae been proapted by the feot thet
people who might be exposed to dimethylanitroeamine poieoning
are under different planee of nutrition, especially aees it
concerne dietary protein leveles.

Changes observed in the rsaulte of the liver

function teete, whon graded disfary protein levela were

fed to the rate have proved convincingly that protein-

Iree diete or diete low in protein ocntent relex the

toxio effect of dimethylnitroesamine in rate. ¥%hem - Ajietary
protein level wea high {20% and 25% levels) indices of
dimethylnitroenmine toxicity vere amanifeated by a low

eerum protein levsl, elevation of blood euger, impaitrment
of bile pigment motaboliam and high levels of slkeline
phoephataee snd serus Elutasio exalacetate tranesminaee

in the ecrum ae reported earlier. With diete lacking or
oin theee sase offeote were obeerved but the

dow in prov

magnitude was reduced by about belf. Theee reaults

B #rarors ahow intisste relationehip between the diet epnd

the caroinogenio 8nd toxio erfeota of dimethylnitroessine.
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*ﬁ{o reduction of dimethylnitrosamine toxicity arter fe@ding
dlete 10¥ in Protein might be attributed to a rednced rate

of metabolism of the carcinogen in the liver.

Ho¥ever, the failure of DDT or phenobarbitone to
reverse the "no protein" effeots (8wen, 1958}, suggeste
either that the rate of dimethylnitrosanins breakdown 1is
not arffected by these inducers of microeosal hydroxylating
enzyme activity or elase that liver dama ge dods not depand
on the rate of dimethylnitrosasine metabdoliem. The firat
seexs Dpoeaidble though unlikely in view of the finding of
Oorrenjus 6t al, (1965) that phencharbitone injeotions
increaaed miorosemsl oxidations ueing dimsthylnitrosamine
ag subatrate. The second and more likxely explanation is
that neither the rate, nor the amount of diasthylnitrosamine
metaboliged in the liver ia the predominant faotor in

dieas thylnitroeemine liver damsge. Dimethylnitrosemine
after converasion to a toxio metebolite suoh ae 8 c®prbonium
ion gust attack ocl) eaitea whiolh become gccoaeidble, or are
Protected, depording on the Previous diet. The nature or
the cell esite ie not clear. It 1s not known yet whioh of
the pany alteratione in the cell proticed by feeding a

diet deficient in protein 18 c8Pable of proteoting the celj
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ig;inat dime thylnitroeanine poisoning. However, the change |
in the aotivity of the enzyme gyatea metabolising
dimethylnitroeamine in the livera of rate fed e protein-
deficient diet ie derinitely the result of lack of protein,
rather tban the high contemt of carbohydrate in the diet,

ag gathered from the reverse to the full toxlic action as
dietary protein levela fed to the mate increased.

Absence of gut bacteria by pretreating experimental

rate with antibiotice reeulted in = plight but statiatioally
ineignificant lowering of ths toxio effeots of dimethylnitro~
eamine, irregpeotive orf dietary protein level, using ahongee
in liver functiones sa criteria for judgement. This elight
change probadbly suggesta that the involvement of gut¢ bacteria
in the cataboliem of proteln might result in the production
of nitrosamine precuenore which do reaot to fora nitroesmine
in vivo 8o that the erffeot of any level of nitroesaine im the
overnall effeot of the level adminiatered plua the production
by. gut bacteria. The possibility of this in vivo formation
haa bean diecuseed by Bander, (F1es)..
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Having appreoisted the dangers sssocoisted W tb
the diecovery of nitrosamins in our locay tlooholio
beveragea 81l that 1a left now ia to declde on the future
of thoee drinks in our eocoiety.

The deoision to allow or dissllc® a sudbatance for
human uee ies not slways clesr out, but auat depend upon 8
ocons 1deration of ite potentisl valus in other eituationsa.
¥Yor inatanoce many food msteriala alaso contein natural
ohenicel oconati tuente which asy be potantially harmaful to
2an andd hie animala., The eubjeot of naturmlly oocuring
toxicents in foods hae bern reviewed by seversl suthors,
SBubatanoea widoh bave the ability to inhibit the prote-
olytio activity of certnin snXyBea are very ooamon in legumee
(Irvin, et B}, 1963). The extracts of masny planta have
the property to agglutinate red dlood celle caueed by some
remarksble proteina cslled "leotins" {Tobiaks, 1964),
goitrogene have been isolatad froa certain planta (Oreer,
1950). Cysnide in tresce smounte is slmoet ubiquitous in

the plant kinédoa end ocours aasinly in the form of cyanogene-

tio gluocoaidee. The alksloid dloscorine  hase 2lso bean

- - . .. rfound in the tubers of D. hiespiéa (Finder,

1953).
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Under theee circubgtances gyaluation of the risk

that nay arise froa the use of theeo rood {tems uuet
involve an aesecement or the balance botween benerite
from nutrition point of view and the overall riek during
life expeotancy,

Thie therefore brings us to a consideration of other
valuabdble properties of Nigeria's local nlcoholic beverages
8o that Wo can reach e balanood judgement betmeen the
"negntive" contribution of the nitrosnmine in them end the
"positivse" contribution of those other values., It ie only
in this wey that we can meke a reaecnatle decision on the
future of theso drinks in our society.

(a) KNigoria'e local alcchol
of food for the general population

One highly eignificant impact of our alooholio

beverages on the ¥oll-being of the people residee in their

contribution to mutrition,
Consumper surveys of dietary patterns of intakes for

certain parts of Nigerie have boen reported by Collis,

Dema ana Leei (1962); Dema, (1967) and UNICRP Fellows

(1966) . Theoe raports indicate that the foed consumed

in thie pert of the world ie largely derived from domestic

peasant sources and that the diets are inadsfiuate and
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alanced with regara to protein, cslories and ~ertain
ar eeeential nutrients.

Aleo, the Food and Agricultural Organieation (FAO, 1966)
| ehowed that in 1963/6L, available crude protein

_per oaput, per day, in the former Northern, Weoatern
(1ncluding Lagos and the Mid-Weat), and raatarm Reglons

of Nigerlia were 79.3, 39.5 ana 32.2g. rsapectively; while
available caloriee per day were 2719, 1,909 ana 1,77u
caloriee, reapectively. These deta further show that
tnadequate protein and calorie intakee are wideepread
phenozena in Nigeria.

On the medical elde, the evidencé on morbidity and
Bortality from protein - calorie mslnutrition and from

other clinically manifeetabls mutrient deflolencee, is
gtrong in pany areae of the country.

An enormoua amount of palm wine is conaumed in the
Southern part of Kigerie and thet about eix million people
drink a ljtre a 4day asy not be an over eetimation.

A 1itre of gcod potsble palm wino provides approximately

3500 calories froi sugars and alcohol. Thie meane that

the caloris lavel of palm wine would oontribute a fuir

thare to tues oalorie requirement of the adulte. It
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would be Particularly desireble in the cass of Bamual
labourers.

As Frotein requirement ie hardly met in moet parta
of the countly any additional ecurce of  rotein that
would improve dietary protein levels zuat ba cherished
rather than abused. With a protein level of 0.5 - 2 ens/
iitre in palm wine (Baseir, 1968), about 4/30th of the
normal daily protein requirement of the adult is met.

Aa far back ae 1939, Moore found in Nigeria a
conatant agsocistion in the consumpiion of dieta basecd
largely on caeaava and the incidence of eores in the angles
of the mouth blisttered tonguesa, dry itoly resk, especially
of the external genitalie region and, in nmore advance
casea blurred viseion. Later Monekoseo (1963) reported,
from the caeeava eating diastriota of Epe and Ijebu in the
then Weetern Region, the inoidence of ataxia ooncomitant
with defeotive viafon and 1ip and tongne ohanges
attributable to defioienoy of B 8foup of vitamina. in the
diet.

Preah paly wine has been ahown to contain a gaximug
of 35,5 g, vitamin B, per litre, B, - 25-150mg/litre;
end B, - -18ag/litre (Bsaair, 1968). A judiofoua
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reguilar inteke of ripe peln wine would therefore

meke Eood the dietary deficiency of these vitamina at =
coat within the reach of an average worker.

In addition, the intake of minerals frca a litre

of good palm wine would be sa follows: 2.C %0 2.5 mg of
iron; 0.18 to 0.19g8. of eodium; 0.10 to 0.13 g. of
potaesiym; 0.12 to 0.16 g, of calcium zna 6.2 to 7.1 mg.
of phoophorous (Baasir, 1968).

The nutritional vaiue of our lacal aslooholic
beverages ia not restricted to pala wine. Burukutu, Pito,
and Oti Agbegbes posseass moat of the nutritional qualities

of palm wino.

b. Influence of Nigerja's local slcoholjic beyeragea
on_the sociel 1ife of th a

A diacusaion of the voluee of Kigeria'a local
alcoholic beverages will definitely not bo cofplete without
8 word or tyo on their influence on the eocoisl 1ife of the

people.
The tralitionsl role of our local alooholio drinkas ie

atrongeat in the villagss leae ao in the fairly developed tgwyne
A loagt in tha ospital citiee Where the eatablished influence

of the europoeans has popularised iaported drinka.
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The cuetom of Arinking our looal alooholic beversgoes
in thie COount?y ie very much more than mrely su eXcuse to
get drunk. Ae refreshing arinpke they provide a good etart
to rolazation after a haxd day's work eepecielly On the
ferns. In thie way the drinke arford ths Adesired
apusenent to the farmers and serve ae the chief break in
the monotony of their villege l1life.

The babit of drinking theae beverecgea ie aleo, on
moat oocaeions,an esaential way of fuifilling eooiel
obligationa. They are carried to Chiefe ae tribute, used to
revard labour or given as offeriug to epirite. Abundance
of these bevcraiea, espeoially palm wine which is the most
popular, is the glory of a villager'a hospitality.
Without thea tribal counoila oannot be held rnd marriage
or ean initietion oeremony losee ite pomp. The drink aleo
come in hsndy during settleaent of Quarrels between local
heads where two or more villages are involved in a dispute.

Colleotive work is the striking festure of our rural
communitiee in lilgeria. “The colleotive effort ie initiated
with the drinxing of our alaoholio beverages, although
it 18 the oompuleion of custo® and etiquette that exerts

L § L §
the real force. With the 'beer' available the work

18 done Quickly and oheerfully, and the 'beer' iteelf
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fortifiea ¢he endurange of the
Our locel

workersg,

8lcoholig beveragea aleo contribute their

to the somoay of the nation. “heir
econoRic importepce lisa

ownh fair ghare

Primerily in their providing
@aployment for a 8ixeable

fraction of our rural and urhan
PopPulation,

Thia contribution ie well appreciated if we

realise that 4p tho Weatern State

alons about three million
people are involved in

beverages.

« Re
L oonoiliation between the bDIvéence of nitrosamine

in our local alcoholio bevevagea and theip VRlHBbLO
I'_-_—--_ﬁ -—
opert

- - =

Teking the levele of contemin:tion of our alooholio
beverages with carcinogenio Ditroeaaine and the dengers
sttributable to theee levela, and compsring tiie with

the benefite obtainshle from the beverages, it will not
be good ecience in Xy opinion to prohibit the drinking of
our much oherirhsd beveregee on the ground that they con-
tain these erouvnts of nitrosamine. Thie ie beocause by
doing eo our nutritional etatue would get woree snd the
bulk of our Population W™uld beoome unnecesesrily esober
and forced to withdrew into an 1eoletedlY dull 14fe.
Helther will etr.uptly saking the sale of these
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1llegR)
€° 80y way to improve the lot of ths

Raths
taar 1t woyld gonorate djeaetroye effecta on

8ocial behaviour of the Community of a fer greater

ude than anything attributable to tne pbyelclogi cal

t that ocould reeult rrom such levels of nitroeaming in the

ragee. Afterall a state of heelth(Wso, 4970), ie an l

yorell aecacetment of oomplete phyeical, mental, and sociel
6ll-being of the people and not merely ihe abeence of

dieeaee or infiraity.

To the eyss of eoms people, (even before tnie work
on nitroeamnine oontamination) the conawmption of our

looal beveragee hes alwaye beer undsaeirsble - the habit
By lead to penury, cirrboeie of thdé liver, ovesity, and
an inoreaced mortality in road aocoidente to eite a few

0f their criticieme. These iapreseions have been gnthered

from the abuaive use of ihoee refreahing drinke by claesio
Alcoholice who form & clage of regulsr drunka by their

€Rcesaive, uncontrolled and addiotive drinking. The

fore_going conclusion doee ot wish to toleraete thia group

of poople for tholir over-indulgenoe prodiceé more probleas

$ithin the eocisty then sny other Xnown dieeesas. However,

Mile wo shoyld not tolerste these hardenod drinkere we

%uld prevent their pughar from increasing by educaing

people that thoy get mpore value Irom Judicious intake
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of our loCal aleccholic beveraveo than from
and exoeceive intake,

uncontrolled

QENRRAL SUMNARY

By & combination of thin-<layer chromtogrephio

and colorimetric techniQues dssoridved, the preoesence of
dinethylnitroeamine and diethylnitroeapine in Kigeria's
1nanon0uo alcoholic beverages hae been dexonetrated.

falpm wine hag been shown to be contagminated by a total
nitroesmine level of 30ug/litre (or 0.03 ppm), while
Burukutu, rito and Oti Agtagha nre contaminated by a level
of 58 ug/litre {0.058 ppm); 50 ug/litre (0.05 ppm), and

21 uq/1itre )(0.02 ppam) respactively. Ogogoro, a distilled
epirit from palm wine has the higheat level of contamination
being 400 ug/l1tre or 0.9 ppa.

A oetudy of the biological produotion of nitroocamine in
one of these alcoholio Leveragos, nasely Lalm wine,
revenled the ective involvement of the blockcmical
ectivities of the paln vine fermenting micro-orgsniems.
Bloghemical ovidence is presented to amlov that an
intimste relationeltip existibetween dietary protein )avels
and the toxicity of dimethyltiitrosaaine.
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lidstopathological evaiuatian or the toxiotty oF
Rethylnitrosenine ang diethyinitromsning in the rat
shoved that hoth ritrosumines act, Frigarily ac liver

poisons, '‘roducing sovire liver nscrosis. {isetiylnitrosamine
- appemred to Le quicker in ection than distiylnitrosamine.

' This 41 £f rance RPAY b8 relsted to the difference in the
struoture of the tro compounse.

The hasmorrhagic pori toncal exudsato and blesding into
the lumon of the gut are however stit: xing femtures of
poison by both nitrosemines in ta rat. Lowaeed (25 Fpp
dowiards) tand to Jroaots hepetic tumour gZrowth over a
long period of congtrnt intako.

[ffeoto of dimethylnitrosaeRine toxicitly an eome
biochemiocl fxmotions of rat livar rovealed thu't same oOf
the early slterstiona tC rat liver funoctione in the course
of progreesive liver damge aoFe! iRpAirwent of the dile
pigaont smetabolisz) inhidition of protein synthosis;
Eiutilation of the blood Bugar rgulatoly mechanion
resulting in ecletnted blood MPRL 1eVel} and & camideradle
leakage into tie bdloocd af tho gn®es Pri®pily “posuoed

in the liver, such ad alkaline phoephatsss and sarum

glutamic cxalacotate Lrad oLISEE »
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The

roesulta of the various patholdgical and

chemionl eIperinente rovozled a elear doss - reebomae
velationahiy.

Lovele of contamim tion of Palnm wine, Burukntu, Pito
and Ot1 Agbagba do not appesr high emough to conae the rat
‘any disoomfort over its life span. However, biochemical estudiea
rovealed that the lavel of contamtination of Ugogoro with
‘pitroeamine could be toxic.

A review of other bsnefita attaineple from our locel
alcoholic¢ beveragee ae agninet the preaence of ninute
asounta of carcinogenic nitrosamine in them,euggest that
judicioua intake of these local brows is more advantageous

than indiecrininate indulgence in then.
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The precant study h'2 mde the fullowing ispactsnt amntributions

to the Wmowlisde of Mutriticna) Bionhmmgtry and Dozironaental asroi-
NOCenasis,

L

d.

e

e

Do

Nguria' s 1ocal alagholio Pwyarugeg ommaly, Pall
Tine, Burukutu, Pito, Oti Aghesda end OEOEET, heve been
abown 90 be omtiiinated with CLoruimmemis DAtIOAEEII®,

A study of the biologiggl proAmtion of nitImasding
in palx wino has been Lnvontignted,

Scs of thé =axly biochemiscal changts induosd by
dimetiylnitsopnating in the cowrws of proggwasive liver
osarosis have busn abown t0 inolude an impaizeent of the
hils piomwd mwtabolise, inbibitian of protmin ayvthoais,
sutilaticn of e dlocod sugar rogulatcry oschanise, ed
an Anreaasd eotivity of the enaymcs elkaline phospliatase
md serm glutamio oxalecatato transaminess in the blood,

An ingismta relationshdy bas Yeea abhowm %0 exist
betwesn thy daxidity of dlssthynitroommine wsd ditary

peutein 1svcls.
The ralo of §Ut ~ MOruflars in 4% tomieiyy of

" mwmmmm
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