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IRRITABILITY TEST OF SULFACETAMIDE EYE DROPS I : IN RABBIT 
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Abstract 

Generally, sulfonamide drugs should not be used topically to 
prevent or to treat bacterial infections because of a high risk of sensiti­
zation, and potential irritation and other adverse reactions such as drug 
allergy, hypersensitivity etc. These experiments were designed to 5tudy 
the irritability and some other topical adverse effects of 10% sulfaceta­
mide ophthalmic solution using rabbits (n = 8) as test animal. An approxi­
mate volwne of 0.05 ml. (2 drops) of t he sulfacetamide solution was ins­
tilled into conjunctival sacs of rabbit eyes every 2 hours, 3 times a day 
(9 . 00, 11. 00 and 13. 00 hr.) and 3 days a week (Monday, Tuesday and Wednes­
day) for 6 weeks and compared to the effects of 0 . 9% sodium chloride solu­
tion for injection (n = 3). 

In all tested animals (n = 8) and control (n = 3) , the sulfaceta­
mide and sodium chloride solutions did not cause corneal cloudiness or opa­
city . Both solutions did not cause swelling (edema), congestion or hemor­
rhage of iris, did not alter ~upillary light reflex, neither produced 

.superinfection nor allergic reactions . However, only the sulfacetamide 
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solution produced mild and transient (15-30 min.) swelling and slight red­
ness of nictitating membrane (grade I con junctiviti s) in 2 rabbits in the 
second week of testing. It was concluded that 10% sulfacetamide eye drops 
produced negligible eye irritation in rabbits in thi s s tudy. 

Prontosil (sulfaminum, sulfanilam, p ' -sulfamylchrysoidine) 

L tlurnP1'11J~ ri'1\·l~'lWrn~1-EJD\1tlULli'l ::-rnH'lffl"1~111 L ~DLLUflfl L flu ( 1) 1 U~'l\1 n'l UU'l'l ::1Hl'1Uol'l 1,,; 

para- aminobenzenesul fonamide (sulfan ilami.de) 'if\1uutf'1n1"1 L'l~fll LOiu Lvt'llD\1UUf'lti L ~u 

1111uiluti\1nT'Hl'l\11U'lJD\1 dihydropteroate synt hetase 'llD\1LLUflii Liu 1un1"1u'i para-

aminobenzoic ac id (PABA) 1i.ht-i'1'1 dihydropteroic acid <jf\1'l ::u; ltJ~n 1"1rt-i'1\1 

di - Ui'I :: tetrahydrofolic acid ni'l :: /H=ieHJ'l'l L~1n111ul11 Li'lfli'I dihydropteroate 

~'lU (2-1) u1il'mh (sulfas, sulfonami des) ~'l;Hu'luDci1miei'1CJfl'lriltJmi'l L-ii'11'l 

sulfanilamide (a) 

u1it'l~'lU'l\1~0111 L~u sul facetami de sodium, sulfisoxazole diola-

mine (sulphafurazole diethanolamine) , mafenide proprionate, sulfamethizole, 

sul ph asomid i ne L t'luvi'u tl; LtlU1,tJU1Hum1vn L dei\1 '.l'l n£h1 U\1'lu~1u1il'm~1ff1 'li'tnrnuuein 

~~1HG\1 L~u sulfathiazol e , mafenide acetate , silver sulfadiazine il'l'l ~; 1,,; 

~., \10'1u1'11 'l~DU'l L -du DDn~1J (urticaria , ma cu lopapular rash) , f.hHU\1tl"1 :: tl 

(skin eruption), f.hm1'11D'n Lrtu (contact dermatiti s , exfoliative dermatitis) 

periarteriti s nodosa), erythema nodosum, Stevens-Johnson syndrome (erythe-

ma multiforme) , Behcet ' s syndrome , Lyell' s syndrome, lupus erythematosus-

like syndrome, toxic epidermal necrolysis , 

anaphylaxis u'lu~u (s) U'lHUDfll'l'l 
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L rHJ\h)IV 

•J o. I 

'iHJflD"IV (cornea) 

junctiva) 
. 

SJIUfl'l (iris) 1iifl Liffli'f 

lillflU UVUl1llf1~::~1VU"1h::UUUIV Ltli'fl~U; (aqueous humor dynamics) LtfU LfiU'lflUl'lU 

• 
L~u oxalic acid, phenethyl alcohol, dimercaprol, tetraethoxysilane, col -

chicine, blasticidin-S, phenol, tetracycline, cytarabine hydrochloride 

(0.1%), polyethylene glycol ethers (2%), chlorobutanol (0.4%), sodium hy-

pochlori te (5%), turpentine vapor, kerosene, petroleum oil Li1u~u 1"Zfn~ ::-

ti tating membrane) LL'l :: Harderian gland Lifvfln1"1"1 ::f11V Lfi!N d'iflifu LtJfiDnPl'l 

~ 3 DTOJU'l1HLri:: Harderian gland iiu'lJD" L viri•~n1:1ru::~u1 'ls.i1a rnil'vuu;1nuum.n ( 1 o) 

3 
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. 
nvUMVv~V1V1~~~~n~ ~~ nV11 (bulbar 

conjunctiva) u~~~1u'l1J ttJ~vnPi1uuu~ ~ ~1'11 (pal pebral ·conjunct i vea) 

fl 3 ' ' 111UVl1 LL~ ~~11'11JVl1 

.... 
f'n11l L 'lJll'lJU 1 Oji, (pH 7 . 13-8 . 12) 

(O. 9% NaCl) (pH 6,89-6.95) 

nu 

0 
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glands Liju~t>11l1uJulti1~LL(:l :: tJ1-;i glands of Zeis Ltiu~u11l·m.J1a1u1vi L~n glands of 

Moll LijU~t>ll U'l~t>fl LtJ~tJUlLtJri\'llthrn :: glands of Krause and Wolfring Ltiulliu11u~"'' 

Ut>tJ (accessory lacrimal glands) LtJ~tinvnfi a 'llt>\'ln"1::~1vil Harderian glands 

(Harder' s glands) 1f \'l-EtJ~'l"1tnn l'llu1Jil~nttrn:: L tiu Liit>n~U'll'l';J n"l ::~1 vfilli t>1JU~~n 'l ti1~111n 
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ur·i L1i'11tJ (pannu s formation) 1ut1;1'1ii1uvi1u•11u111" L~t>lil~" L{it1lilt1t1n'1~t1'lf;11il Lift1 

'11tl 1J,1;1t-1 Lrlmnri~nPi ' Hlf1 ::~1u'lu LU~tlOPl'lUtma::~'l\IU'J11UVl\I LL~t-1;1~ LU~t1nP11rl 3 'lltl\I 
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VI 'l '1 ' " A 2 
~ . 

n1'1 L tlauuutla"~u11111"'""" ' 

"~"Ltl~UUL~uu(n=3 ) n~m1m1t:1u (n=8) 

Vl'l~'l'l (" . " . ) 1111'171u (" ·".) Vl'l~'l'l (".".) Pi1-ii''lu (" ·".) 

. • 
~U'll!ll"'lUVl'lnvUVIUillll 6 . 1±0. 09 6.o s±o . 1 5.76±0 . 1 1 5 . 95;!:0. 1 

n'l'1Ltl~uuutla"~"'"" 
. 

1"'lUVl'lVl'1' "VIUvlll 

1 U'lti - 0. 20±0.07 - 0.22± 0.oa - 0.06± 0.05 - 0 .14± 0. 06 

1 5 U'lfl - 0 .17±0 . 06 - o.oa± o.06 - 0 . 1 2±0.05 - 0 . 09± 0 . 06 

3 0 U'lti - 0 . 11 ±0. 05 - 0 . 01 ± 0.07 - 0 . 06 ± 0.oG - 0.10±0 . 06 

60 U'lti - 0 .15±0.oa - 0.00± 0 . 0 5 - o . oG ± o.o5 - 0 . 05± 0.06 

1 2 0 tnti - 0 . 0 2±0 . 03 - 0 . 06± 0.0 4 0.0±0 .03 - 0.02± 0.03 

VIUl'l (0 , 0 5- 0 , 1 mL) 

;,i1,!nu~ L'HU inferior nasal meatus L~Un~1 nasolacrima l duct \'1; 1.i'n '1:: ~1uvi1uh 
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Harderian 

gland 
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~111ilL~v~-iu~~ti Tyndall phenomenon 1uwUfl'l'11l~liltJnUi1un'l,lilt1uaut1"~t1ua" u~::n1, 

11HL';i" Lti'lnU 1 1uiYtJlil'1Jtf 2 'iltl"fl'l';itllil~t1"lUfl';i::1Jhu 2 Vh (n = 8) Utlfl'OJ'lfl1'flUt'IUfl'l';i 

Ui Iii L if mLtl"rn'1f mrn~ :: tJ~n~U'liJU Utt L Olil~U ~" L lliti~'l U'l~~tl lil111'11f mi'l L 'lltlvl'l 111 !illut1i L t1° L n lilfl'l ';i 
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Abstract 

Although it was found that 10% sulfacetamide ophthalmic solution 
produced negligible mild eye irritation in rabbi ts, the solution was fur­
ther studied for irritability and other topical adverse effects in 24 vol­
unteers. An approximate volume of 0.05 ml. (2 drops) of 0.9% sodium chlo­
ride solution for injection and 10% sulfacetamide ophthalmic solution were 
instilled into conjunctival sacs of left and right eyes respectively every 
2 hours, 3 times a day (9.00, 11.00 and 13.00 hr) for 7 clays. Both solu­
tions did not cause corneal cloudiness (opacity) or damage, did not produce 
conjunctivitis, Jid not cause swelling (edema), congestion, hemorrhage of 
the iris, did not alter pupillary light reflex and vision, neither caused 
superinfection nor allergic reactions. However, only the sulfacetamide eye 
drops produced brief and mild sensation of pain or burning when contacting 
the eyes. 
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(nictitating 

membrane) (cornea) ' :U'l \Jn ~J 111 Cl \'I fl'lJ ( 0. 37 

drops 1 10% ointment) p sulfisoxazole diolamine sodium (sulphafurazole die-

thanolamine) (4% eye drops """ ointment), mafenide proprionate (5% eye 

drops """ ointment) , sulfathiazole ( 5% ointment) , sulfadiazine sodium 

(5% ointment) ,sulfamethizole (4% eye drops) '"'" sulphasomidine-Z (10% 

vens-Johnson syndrome, systemic lupus erythematosus (SLE)- like syndrome 
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B'l~~~Md'l\'J 20-45 fl ~~&~~Adi" 

2 o/lt1W1vfu8'11.de:iA'l (conjunctival sac) 

13.oo u.) 

. 
Wl"1'1U ( n= 24) A'l"l.1'1'1 (n=24) 

"'c .,,. ""' dff Q "' ""' 

U'lLfi~BU,q~tl~'lM~U~~ 'Diill'l'1L'll'VlWo1il; 10% 

fldl3JlULb~\'J 'luiiiin., A'11'.!J1ULL"l\'J 'JU;;Wl'l 

fl"J~"ilflAI 0 0/24 0 o/24 

.. 
Ll'.181'1'1 0 0/24 0 0/24 

:U'l UIWl 0 0/24 0 0/24 
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• (m.J .) (m.J .) Wl'lioU Wltl'"J'l 

. . 
t1u1~1u1uA1nauMva~u1 2.8 ± 0.03 2.73 ± 0.04 

d • -
fil~L~~UUU~W~t.IUl~1UIUAIMW~MUB~UI 0.03 ± 0.03 0.03 ± o.o5 

( 1 in Vi) 

*n = 24 
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Bat-

' L'llU cresol, 

ethylene glycol , selenium sulfide ua::ff~~1nu~iiu~u (16) 

"• UI 

I ~ ~ ,I/ ... 
L'llU n1,•unULUvLUv 

(polarity) " " fl"lllJ L 'lJlJ'lJU (17,18) 

fl"ll1Jf'l\'l~"l n1,a ::a1u'lu1'lluuua:: partition coefficient 

f'llU LAv\'11~ ( 1 s ,20) ~1,c:iviLL,\'l~\'IN"l'lfiJmh ::'iU"ln (ca tionic detergent) t1'it '1 LnAnl"1 

,:;fl1U Ltlv\'11Jlnn11\'l"lnth::'ic:iu (anionic ) i-t~v Liitmi'll\'I (nonionic ) 1nuc:i'ililu (21, 

22) 
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AFLATOXINS BIOCHEMICAL TOXICITY AND METABOLISM 
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OCCURRENCE OF AFLATOXINS 

Aflatoxins were discovered as a consequence of epizootic out­

breaks of hepatic necrosis, resulting in the deaths of thousands of tu:rkeys 

poults ("Turkey X disease"), ducklings and chicks in England in 1960 and 

1961. The problem was eventually traced to feed contamination, specifically 

a shipment of Brazilian peanut meal used as a protein supplement in poultry 

feed. This meal proved to be both toxic and carcinogenic and was found to 

be contaminated with Aspergillus flavus (1,2). 

The active chemicals were extracted and isolated from Aspergillus 

flavus cultures and chemically identified ( 3, 4) . Later in 1960, outbreaks 

of disease occurred in pigs, also apparently caused by an unknown etiology 

was reported in calves (5) . In both cases the etiology was traced to the 

incorporation of Brazilian groundnut meal into the rations of the livestock. 

Following the reports of investigation into the cause of "Turkey X disease" 

in England, it was established that the same etiologic agent was present in 

the cotton meal used as feed which was later shown to be contaminated with 

aflatoxin (6,7). Lancaster et al. reported that rats fed the toxic ground­

nut meal developed hepatocarcinoma (8). In 1964, Butler and B'aTnes reported 

a series of feeding experiments with the toxic groundnut meal, assayed for 

aflatoxin, which showed that aflatoxin is an extremely potent carcinogen 

for the rat (9). This was confirmed later by using crystalline aflatoxins 

(10). 
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Aflatoxin-producing mold strains are widely dispersed in air and 

soil, and are capable of growing on a variety of natural substrates . Two 

species of molds, the Aspergillus and the Penicillium are most important in 

their ability to produce toxic metabolites and the aflatoxins represent the 

most potent of these compounds. In Aspergillus gi:oup : A . flavus, A. 

flavus var columnis, A . parasiticus, A. parasiticus var globosus and A. 

oryzae were capable of producing aflatoxins. In Penicillium group P. 

puberulum, P. variable , P . frequentans and P. citrinum were capable of 

producing aflatoxins (11) . These molds generally synthetize only two or 

three type of aflatoxins under a given set of conditions, one of which is 

always aflatoxin B
1

, the most potent toxin and most carcinogenic of the 

group. Aflatoxins in the G series almost always present in lesser amounts 

than aflatoxin 81(12). When they occur as food contaminants, aflatoxin B1 
is always present. Although aflatoxins in the G series have sometimes been 

found in contaminated products, they generally occur less frequently than 

aflatoxin B1 amd have never been reported in the absence of aflatoxin B
1

. 

STRUCTURE AND CHEMISTRY OF AFLATOXINS 

The aflatoxins constitute a group of highly substituted coumarins 

containing a fused dihydrofurofuran moiety whose characteristic physico­

chemical feature is their intense fluorescence under ultraviolet illumina­

tion. Structurally, the aflatoxins were grouped into two series, aflatoxin 

B and derivatives, and afl atoxin G and derivatives, based possibly on the 

blue violet fluorescence of the former and the greenish yellow fluorescence 

of t he latter ~). Hart l ey et al . showed that aflatoxins could be resolved 

into four distinct compounds, namely aflatoxins B1, 82 and G
1

, G
2 

according­

ly (13). Their chemical structures are shown in Fig . 1. 

Structures based largely on interpretation of spectral data were 

proposed for aflatoxin B1 and G1 (4, 14), and for aflatoxins B2 and G2(15, 

16). The molecular formula of aflatoxin B1 was established as c17H12o6 
(MW 312) and of aflatoxin G1 as c17H12o7 (~1W 328) while aflatoxins 82 and 

G2 were found to be the dihydroderivatives of t he parent compounds with the 

molecular formulae of c17H14o6 (MW. 314) and c17H14o7 (MW 330), respectively. 
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FIGURE 1. Structures of the of latoxins. 

BIOLOGICAL ACTIVITY OF AFLATOXINS 

ACUTE TOXICITY OF AFLATOXINS 

TI1e aflatoxins, af l atoxin B1 in particular , are acutely toxic to 

a l arge number of organisms , including l aboratory and domestic animals (1 7) . 

The t oxic properties of the afl atoxins depend upon the dose, duration of 

exposure , and animal speci es. Tl1ere is a wide r ange of susceptibility from 

the highly susceptibl e 1-day-o ld duckling to the more resistant mouse and 

adult turkey . 

Aflatoxin B1 toxicity data for rodents and nonrodent vertebrates 

are shown in Table 1. The acute t oxicity of aflatoxin B1 to mammals and 

birds may vary over two orders of magnitude between a sens itive species 

(rabbit , LOSO 0.3 mg/kg) and an insensitive speci es (mouse, LOSO approxima­

tely 40 mg/kg) . Af latoxin B1 was more toxic than afl atoxin G1 in male rats 
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but aflatoxins B2 and G2 being nontoxic at the dose levels tested. The 

toxicity series AFB 1 > AFG1 > AFB 2 > AFG 2 was also reported in day-old 

duckling (20) . Age, sex, strain, dietary factors and prior treatment with 

drugs were significant determinants of the toxic response of rats to aflato­

xin B1 (17), 

* Table 1. Acute toxicity of aflatoxin B1 . 

Species LOSO (mg/kg) 

Rabbit 0,3 
Duckling 0,335 
Cat 0.55 
Pig 0.62 
Dog 0.5-1 
Sheep 1.0 
Guinea pig 1.40 
Rat male 7.2 

femal e 17,9 
Hamster 10.2 
!•louse 40.0 
Chick embryo 0.025 µg/embryo 

* From (18, 19) 

Rats have been the most extensively studied laboratory animal, 

There are sex and strain differences in the susceptibility of rats with 

Fischer rats being considerably more susceptible than the Wistar ones. The 

lesion induced in both sexes and in different strains is the same, and 

consists of a periportal zone necrosis and biliary proliferation (18). The 

necrosis develops slowly over 3 days, and is accompanied by marked biliary 

proliferation. There is only slow r ecovery of this lesion. 

In man, the evidences of acute toxicity of aflatoxins was reported. 

Serk-1-lansen reported the death of a boy in Uganda from acute liver damage, 

and it was found that the casava eaten by the boy was heavily contaminated 

with aflatoxin (21). In Thailand, the consumption of leftover cooked rice, 
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tremendously contaminated with aflatoxin, was associated with the death of 

Thai boy who suffered from Reye 1 s syndrome . Reye' s syndrome, in which there 

is an encephalopathy and fatty infiltration of the liver and the kidney, 

has been reproduced experimentally in monkey by feeding aflatoxin (22) . 

Aflatoxins have also been found in autopsy specimens ofReye's syndrome by 

Becroft and Webster in New Zealand (23), and by Dvorackova and his coworkers 

in six cases in Czechoslovakia (24). All of the children consumed moldy 

rice heavily contaminated with aflatoxin. In Western India, Krishnamachari 

et al. reported that aflatoxin B1 involved in the human toxicosis (25). 

This outbreak affected as many as 20 villages and was responsible for the 

death of approximately 26% (106 deaths/397 patients) of all patients admit­

ted to the hospital. It was found that maize was contaminated with Asper­

gillus flavus and aflatoxin, The c linical features were similar to those 

seen in animal s insulted with aflatoxin B1 • 

AFLATOXINS CARCINOGENESIS 

' The work of Lancaster and his co lleagues gave an insight into the 

carcinogenic potential of the aflatoxins (8). They showed a high incidence 

of liver tumors in rats fed with diet containing a highly mouldy peanut 

meal. Subsequent studies showed that aflatoxins were the carcinogenic 

agents in mould-infected peanuts (10, 26, 27), Aflatoxins have a l so been 

shown to have carcinogenic activity in many species of animals, including 

rodents, nonhuman primates, birds and fish (12, 19). Factors influencing 

aflatoxin carcinogenicity such as diet, hormonal status , liver injury , 

microsomal enzyme activity, and concurrent exposure to other carcinogenic 

agents have been reviewed (12), The carcinogenic poten~y series AFB1 > 

AFG1 > AFB 2 > AFG2 has been verified in the rats (20). 

Epidemiological surveys have revealed strong correlations 

between liver cancer and aflatoxin B1 contamination in Africa, Phillipines 

and other countries (28, 29) . Alpert et al. found that 40% of food samples 

tested in Uganda contain aflatoxin with 15% containing more than 1 ppm (30) . 

Levels of 0.015 ppm may induce carcinoma in the rat with continuous inges-
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tion . In Kenya , Swaziland, Thailand, and Mozambique, where the incidence 

of hepatic carcinoma is high, aflatoxins are present in human food . It was 

reported that the variety of fungi contaminated market foods and foodstuffs 

in Southeast Asia. Among these, Aspergillus flavus was frequently found in 

all foods and foodstuffs (31, 32) . Natural occurrence of aflatoxins was 

highest in peanuts and peanut products , and responsible for human afl ato­

xicosis and liver cirrhosis in India (25, 33) . There is, therefore, 

supportive evidence t hat man is exposed to the aflatoxins in those areas of 

the world in which hepatic carcinoma is prevalent. This exposure results 

directly from the problems of harvesting and food storage in developing 

countries , In order to reduce the body burden of aflatoxins, these prac­

tices must be improved . 

AFLATOXINS METABOLISM 

Studies on toxicity of aflatoxins have largely been focused on 

afl atoxin B
1 

because i t i s the most abundant and the most toxic metabolite . 

It is highly hepatotoxic , hepatocarcinogenic , and teratogenic to test ani­

mal s and highly mutagenic to microbial assay systems ( 34) . Strong evidence 

exists to indicate t hat aflatoxin B
1 

requires metabolic act ivat i on for its 

toxic , mutagenic and carcinogeni c effects. For exampl e , i t requires mixed 

function oxidase (MFO) activation to elicit its potent mutageni city to t he 

bacterium Salmonella typhimurium (35) . Al so , its coval ent binding to 

nuc l eic acids occurs both in vivo and in vitro in the presence of a MFO 

activation system (36) . 

Aflatoxins ar e primarily metaboli zed by t he microsomal mixed 

f unction oxidase system, a compl ex organization of cytochrome coupl ed, o2-

and NADPI-1-dependent enzym~s located mainly on the endopl asmic reticul um of 

l iver cel l s, but a l so present in kidney , lungs, skin and other organs .These 

enz~nes oxidatively metabol ize a wide var~ety of foreign or xenobiotic com­

pounds, with t he net result usually being detoxication of t he pal'ent com­

pound by the formation of various I1ydroxyl ated derivatives which, in t ur n, 

are conjugated with sulfate or glucuronic acid to f orm water-soluble gl ucu­

ronide or sulfate esters (37) . These conjugates are readily excreted in t he 



,,,11,, 1ni<n'i11u, 27 

Od 0 \~ud 1 U.R .- \U.U.2529 

urine or bile. During the course of metabolism, highly reactive metabolites 

may be generated which have the capacity to react covalently with various 

nucleophilic centers in cellular macromolecules such as DNA, RNA and protein. 

This activation reaction poses a biological hazard to the cell and constitu­

tes a possible theory by which certain compounds exert toxic and carcinoge­

nic effect s (38) . 

Based on the apparent association between metabolism and toxicity 

of aflatoxin B1, attempts have been made to quantitate the relative suscep­

tibility of aflatoxin B1 as a function of respective in vitro metabolic 

profil es of aflatoxin B1 (39). In vitro metabolic parameters of aflatoxin B1 
for various animal species were then determined and compared with animal 

susceptibilities to aflatoxin toxicity. The same metabolic parameters were 

also determined for human tissue preparations and used to estimate the unknown 

human susceptibility based upon the correlations established for the test 

animals. The distribution of metabolic products formed showed that aflatoxin 

B1 is biotransformed i n vitro by all the species tested to aflatoxin metabo­

lites. The major metabolites produced by hamster , monkey and human in vitro 

was afl atoxin Q1, whil e r at and duck showed a relatively higher conversion to 

aflatoxicol. A similar! ty in metabolic profile was observed between hamster 

and human. Based on the maximal overall in vitro metabolic activity of afla­

toxin B
1

, Patterson has calculated the time required by the whol e liyer prepa­

rations of an animal to completely metabolize one LOSO dose of aflatoxin B1 
(40). According to Patterson ' s correlation, the fast metabolizers such as 

rabbit and duck are more prone to acute rather than chronic or carcinogenic 

aflatoxicosis, whereas the slow metabolizers such as sheep and rat are more 

susceptible to chronic r ather than acute effects . Man and monkey were found 

to be fast metaboli zer s , and are typically more susceptible to acute aflatoxi­

cosis but are r elatively resistant to carcinogenic effects . 

Aflatoxin B1 is biotransforrned into severa l kinds of metabolites 

by cytosol and microsomal enzyme systems as shown in Fig . 2. There are 

at l east four types of metabolic react ions characteristic of aflatoxin B1 : 
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reduction, hydroxylation, 0-demethylation and epoxidation lea<ling to the 

respective formation of aflatoxicol (AFL), aflatoxin M1 (AFM1) and aflato­

xin Q1 (AFQ1), aflatoxin P1 (AFP1) and the aflatoxin B1- 2, 3-oxide (AFB1-2, 

3-oxide). Except for the epoxide , all the metabolites have been isolated 

and characterized . 

Aflatoxin M1 Ring hydroxylation of aflatoxin B1 at the 4 position pro­

duces aflatoxin M1 . This metabolite was first detected in the milk of cows 

ingesting aflatoxin B1 (41). Aflatoxin N1 has also been <letected in the 

urine of humans consuming afl atoxin B1-contaminated peanut butter (42). It 

was formed in vitro by liver preparations from a variety of species, inclu­

ding human, and it has been found in milk, tissues and urine of animals and 

people ingesting aflatoxin B1 (43, 44, 45). The degree of acute toxicity 

of aflatoxin M1 appears to be equivalent to that of aflatoxin B1but is much 

less carcinogenic (46, 47). 

Aflatoxin Q1 : Ring hydroxylation of the carbon atom 8 to the carbonyl 

function of the cyclopentenone ring produces aflatoxin Q1 . It was identi­

fied as major in vitro aflatoxin B1 metabolite using monkey liver and human 

liver microsomes (48, 49). It was also produced in vitro by liver micro:­

somes of various animals (44). This seems to be a minor pathway in vivo and 

free aflatoxin Q1 has not been found in tissues or excreta of any animal 

exposed to aflatoxin B1 (43). This metabolite was nontoxic to chicken 

embryo (SO), and was only 1-2% as mutagenic as aflatoxin B1 in the Ames 

bacterial mutagenesis assay (45). 

Aflatoxin P1 : This metabolite was produced by the 0-demethylation of afla­

toxin B1 , and was the major excretory product in the urine of aflatoxin B1-

treated rhesus monkey (51). It was slightly formed in vitro by mouse,rat, 

monkey and human microsomes (44, 52). Aflatoxin P1 was nontoxic to chicken 

embryos (53), and inactive in the Ames assay (54). 

Af latoxicol : Reduction of the cyclopentenone carbonyl function of aflatoxin 

B
1 

by an NADPH-dependent cytoplasmic enzyme produced aflatoxicol. Rabbit 
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and bird liver homogenates were active aflatoxicol producers, whereas rodent 

and sheep preparations were inactive (55) . Aflatoxicol was nontoxic to the 

day-old duckling (56), and the r elatively high mutagenic potential and carci­

nogenicity in trouts may be due to its metabolism to aflatoxin B
1 

(54). 

Aflatoxin B1 - 2 , 3-oxi<le : Although generally remaining unidentified, the 

most reactive and labile metabolites are t hought to be the "ultimate" 

toxins in their respective biochemical lesions . The metabolite of greatest 

current interes t is the proposed aflatoxin B
1 

-2, 3-oxide . Even though 

aflatoxin B1 - 2, 3-oxide has not been isolated, its formation and toxic 

action can be measured indirectly by the Ames m~agen assay . Using mutage­

nesis in the t es t bacterium Salmonella typhimurium as the model biochemical 

l es i on, differing afla toxin B1 mutagenic responses elicited by post-mito­

chondrial liver fractions prepar ed from animal s of different susceptibili­

ties to aflatoxin B1 carcinogenicity indicate that net epoxide formation 

appears to be another metabolic parameter associated with animal susceptibi­

l ity (39). 

Structural-activity evaluations using mutagenicity and DNA-binding 

activity as model biological lesions support the involvement of the 2, 3-vi­

nyl- ether double bond in toxicity, with the epoxi~e as the active species 

( 45, 59) . 

MACROMOLECULAR BINDING OF J\FLATOXIN 

Th e covalent incorporation of an aflatoxin moiety into nucleic 

acids and proteins is now considered to be an important mechanism by which 

aflatoxin B
1 

initiates its toxic and carcinogenic effects. The aflatoxin 

D
1
-2, 3-oxid e has been p;roposed by various i nvestigators as the active form 

or ultimate carcinogen of aflatoxin B1 (60, 61). It was later shown that 

the predominant metabolit e of afl atoxin B1 that binds to DNA in animal and 

J1 uman tissues is the aflatoxin B1,-2, 3-oxide (36, 62). 

Once aflatoxin B1 -2 , 3-oxide formed, it can either exert electro­

philic attack on the target nucleophiles such as in nucleic acids and pro­

t eins to cause biochemical lesions ; or be conjugated by red,uced glutathione 
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(GSH) and be detoxified (63,64); or be hydrolyzed to form the 2, 3-dihydro­

diol of aflatoxin B1 (Sb). After incubation the iuixture of aflatoxin B1 , 

DNA, microsomes and NADPH, and following chemical analysis of the modified 

DNA, the major aflatoxin B1 -DNA adduct was identified as 8, 9-dihydro-8- (7-

guanyl) -9-hydroxy-aflatoxin B1 or 2, 3-dihydro-2-(N7-guanyl)-3-hydroxy-afla­

toxin B1 (Fig . 3) (65) . This adduct was also the major product formed in 

vivo in rat liver (63,66). Aside from this major adduct, more than ten 

minor products were detected, and one of them was identified as an imidazole 

ring-opened derivative of aflatoxin B1-N7-Guanine (Fig.3) (67). 

Attempts in isolating the highly reactive 2, 3-oxide have been 

unsuccessful, although it can be chemically generated by oxidation of 

aflatoxin B1 and trapping the epoxide as .nu'cleic acid or nucleoside adducts 

with DNA (68) . Although the epoxide itself has not been isolated because 

of its great reactivity, a more stable model compound, aflatoxin B1-2, 3-

dichloride has been synthesized (61) . This electrophilic analog of the 

epoxide was considerably more potent than aflatoxin B1 in the Ames mutage­

nesis assay and in the induction of various rat and mouse tumors . The afla­

toxin B1 -2, 3-dichloride also reacted spontaneously with DNA, RNA, protein 

and amino acids with nucleophilic centers, such as cysteine, histidine and 

lysine. Thus it seems likely that the epoxidation pathway may represent an 

important activation step in aflatoxin metabolism. Furthermore, it is gene­

rally agreed that this metabolite is probably produced by the mixed function 

oxidase enzyme system . 

The relative biological hazard posed by the formation of aflato­

xin adducts with different classes of cellular macromolecules is unknown . 

However, in studies comparing in vivo macromolecular binding of aflatoxin 

B1 (toxic) and aflatoxin B2 (relatively nontoxic) to rat liver DNA, RNA and 

protein, it was noted that aflatoxin B2 bound to the nucleic acids approxi­

mately 1% of that bound by aflatoxin B1, whereas protein binding was 3S to 

70% of that observed with_ aflatoxin B1 (61). This suggested that aflatoxin­

protein adducts were relatively unimportant in the manifestation of toxic 

and carcinogenic effects. TI1ere has been very good correlation, with cer­

tain parameters studied, between the toxicity and carcinogenicity of afla-
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toxin E1 and the capacity of the compound to bind with liver 01.JJ\ un<ler in 

vivo conditions (34) . 

Despite the isolation of aflatoxin-macromolecules adducts, 

mutagenicity to microbial systems, and DNA-binding data, there are still 

unsolved questions concerning the epoxide and its role in the toxic action 

of aflatoxin B1 . One question concerns how the extremely reactive epoxi<le 

sm:vives the migration from its proposed site of synthesis within the endo­

plasmic reticulwn, through the cytosol, and then across the nuclear membrane 

to the target site of DNA . It has been reported that rat liver nuclei were 

capable of metabolizing aflatoxin B
1 

to both less toxic hydroxylation meta­

bolites and reactive metabolite that covalently boun<l to DNA (69,70). 

Nuclei were found to metabolize aflatoxin B
1 

to aflatoxin ~\, Q
1 

and P
1

; the 

formation of aflatoxin P
1 

was relatively negligible. Nuclei from phenobar­

bital-treated rats also showed an increased binding of aflatoxin B
1 

metabo­

lites to DNA and to other macromolecules in the nucleus. This close proxi­

mity of the activation and target site offers an explanation for the survi­

val of the epoxide in vitro during its migration to t he target site, and 

may stimulate activation of the nuclear membrane and subsequent DNA binding 

in vivo. 

Animal species differ markedly in their s usceptibilities to both 

the acute and chronic toxicity of aflatoxin B
1 

and there is evidence suppor­

ting a metabolic basis for the species differences in aflatoxin B
1
-induced 

hepatotoxicity (58). It is possible to estimate the extent of the activa­

tion to a.::-latoxin B
1 

-2, 3-oxide by microsomal metabolism by assaying afla­

toxin B
1 

dihydrodiol (71). A major detoxification product l1as recently 

been identified as a glutathione conj ugate of the epoxide aflatoxin B
1 

(2, 

3-dihydro-2-(S-glutathionyl)-3-hydroxy-aflatoxin B1 (72). Both activation 

and deactivation pathways have been investigated and would account for the 

relative susceptibilities to afl atoxin B
1 

toxicity. Glutathione conjuga­

tion (AFB
1

-GSH) has also been associated with reduced macromolecular binding 

in vivo and in vitro via cytosolic GSH-S-transferase enzymes (64, 73 , 74). 

Another pathway of the inactivation of aflatoxin B
1 

-2, 3-oxide 
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is hy<lrolysis of this active intermediate by epoxide hydrase. Based on 

previous evidence that 1,2,3-trichloropropane oxide, a potent inhibitor of 

epoxide l1y<lrase , increases the binding of aflatoxin B1 to nuclear DNA in 

vitro, it is presumed that aflatoxin B1 -2, 3-oxide is inactivated by this 

enzyme (57). In conclusion, two major pathways that can detoxified aflato­

xin B1 -2 , 3-oxide are 

a) hydration to the aflatoxin B1 dihydrodiol by hepatic microso­

mal epoxide hydrase. 

b) conjugat ion with glutathione to form 2, 3-dihydro-2- (S-gluta­

thionyl)-3-hydroxy aflatoxin B1 which catalyzed by glutathione-S-epoxide 

transferase in soluble fraction . 

BIOCl-IEmCAL EFFECTS OF AFLATOXIN 

~lany investigations have difficulty with the biochemical responses 

elicited by aflatoxin B1 i n a variety of experimental systems with the goal 

of i<lentifying those reactions essential to the toxic and carcinogenic acti­

vity of the compound. The vast majority of the in vivo studies have been 

carried out using acutely toxic singl e doses of ~flatoxin B1, therefore the 

resulting biochemical resronses were probably more relevant to mechanisms 

underlying the toxicity of aflatoxin B1 rather than its carcinogenicity. No 

recent comprehensive experiments on the biochemical effects of aflatoxin B1 
are avai l ab l e . 

Inhibition of DNA synthesis was one of the first events of aflatO·· 

xin B1 intoxication to be reported. Lafarge and Frayssinet reported an 

inhibition of DNA synthesis after administration of af l atoxin B1 and t he 

inhibition was maximal between 2 and 24 hours postdosing in rats (75). 1be 

mouse , which was more resistant to the toxic and carcinogenic effects of 

aflatoxin B1, was much more resistant to the effects of aflatoxin B1 on DNA 

synthesis. An aflatoxin B1 (2.5 mg/kg) resulting in 92% inhibition of DNA 

synthesi s in rats, only caused a 13% reduction in DNA s~1thesis in mice(76). 

When aflatoxin B
1 

acts directly on the DNA molecul e its consequence 
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is the inhibition of the abi 1 i ty of the nucleic acid to act as a p1;imer for 

RNA synthesis. Nucleolar RNA synthesis was inhibited by afaltoxin B
1 

both 

in vivo and in vitro (75, 77) . RNA synthesis was maximally inhibited from 

15 min to 12 hours. Complete recovery of RNA synthesis was attained by 36 

hours. Inhibition of RNA polymerase has been de111onstrated by several inves­

tigators in various biological systems (78,79). TI1e direct addition of 

aflatoxin B
1 

to nuclear preparations from the livers of untreated animals 

did not inhibit RNA synthesis indicating that metabolisms of aflatoxin B
1 

was required for the expression of these effects (78,80). 

Protein synthesis is also inhibited by aflatoxin B
1 

treatment, 

although the effect is neither as rapid nor as extensive as the inhibition 

of DNA and RNA synthesis in comparable model systems. In vivo liver pro­

tein synthesis in monkeys was inhibited by 3 . 5 to 13 hours after an oral 

dose of aflatoxin B
1

, though no effects were observable 1 hour postdosing 

(81). Hence, aflatoxin B1-induced disruption of protein synthesis was not 

necessarily a consequence of the primary inhibition of DNA/RNA synthesis . 

Polysome disaggregation is consistently associated with, and may be t he 

basis for, the i~1ibition of protein synthesis by aflatoxin B
1 

treatment . 

Polysome disaggregation has been demonstrated after aflatoxin B1 treatment 

in liver preparations from rats and monkeys (81,82). Polysome reaggregat ion 

was apparent by 36 hours, and the normal profile was again obtained 5 days 

after aflatoxin B1 treatment . 

Several miscellaneous biochemical proces ses , including alterations 

in cellular enzyme activities, have also been shown to be affected by afla­

toxin B
1 

tr~atment . Generally these mechanisms have not been investigated 

as extensively as those concerned with macromol ecular biosynthes is. This 

does not necessarily imply that t hese studies are less significant in terms 

of understanding t he mode of action of af l atoxins, although many of these 

aflatoxin - induced effects may be expected to be derived from and secondary 

to the disruption of nucleic acid or protein synthesi s. The observations 

that aflatoxin B
1 

may also function to some degree as a membrane-active to­

xin, is suggested by j_t s effert:s on mitochondrial function and l ysosome 
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permeability . These responses may have validity in explaining at least some 

of the acute toxic effects of the aflatoxins. 

An early observation that a low orally administered dose of afla­

toxin B1 inhibited oxygen consumption and phosphorylation in rat liver mito­

chondria indicating that mitochondria were also a sensitive target of afla­

toxin action ( 8:5 ) . Results from previous studies have established that 

acutely toxic doses of afl atoxin B1 inhibit mitochondrial electron transport 

between b and c o~ c1 (site II) (84,85). However, it has also been sugges­

ted that the degree and sites of inhibition by aflatoxin B1 depend on the 

toxin concentrations. Aflatoxin B1 also inhibited at the cytochrome oxidase 

l evel (86, 87). 

It i s significant that the concentration of af latoxin B1 which 

induced a higher percentage inhibition of guinea fowl l i ver mitochondria l 

respiration was about a hundred times l ower than that reported for the rat. 

This probab ly accounts fo r the greater susceptibility of the avian species 

to afl atoxin hepatotoxicity (88) . Obidoa and Siddiqui reported t hat afla­

toxin B1 inhibition of guinea fowl liver mitochondrial respiration is not 

localized at coupling site II but may involve i nh ibition around sit e I (86). 

These findings explain the gr eater susceptibility of the avian species to 

aflatoxin toxi city . 

Breakdown of l ysosomes and the release of degradative lysosomal 

enzymes into t he surrounding tissues is obviously implicated in the hepatic 

necrosis and hemorrhage cons i stent ly observed with acutely toxic doses of 

aflatoxin B1. A broad range of rat lysosomal enzyme activi ties were increa­

sed in whol e liver homogenates after an oral LOSO dose of afl atoxin B1 (89). 

As an exampl e , there was about a 3-fold increase in acid DNAase activity 48 

hours after aflatoxin B1 . ~luch of the enzymatic activity was present in 

the s upernatant , indicating that the l ysosomal enzymes had been release<l. 

In vitro treatment of rat liver lysosomal preparations with aflatoxin B1 
also pro<luced a dose-dependent r e lease of the marker enzymes (90) . 

Recent studies have demonstrated that many compounds undergo bio-
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transformation in the liver to chemically reactive metabolites which cova­

lently bind to hepatic macromolecules, particulartly DNA, resulting in hepa­

tic injury (91). The isolation and structural identification of the major 

aflatoxin B1 -DNA adduct in vivo and in vitro strongly suggested that the 

microsomal oxidase-catalyzed epoxidation of aflatoxin B1 at the 2,3 doubl e 

bond is the mechanism by which aflatoxin residues are covalently bound to 

nucleic acids and may coincidentally explain the relative biological potency 

of aflatoxin B1 (65,67) . The mechanism responsible for the inhibition of 

mitochondrial function and the potentiation of lysosomal enzymes release are 

not as yet clear. 
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Comparing the Pharmacology of Non-Narcotic Analgesics 

Despite non-narcotic analgesics being the most widely used dr ugs 
and many having been used for several decades, their generally ascribed 
mechanisms of action are not unequivocally accepted, Professor K, Bxune, of 
the University of Erlangen-Nurnberg , Erlangen, West Germany, told his audi­
ence. Most non-narcotic analgesics are derived from aspirin and otheJ.' aci-
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dic non-steroidal anti-inflammatory drugs (NSAIDs) , aniline derivatives such 
as paracetamol (acetaminophen) and non-acidic pyrazolones . Many of these 
drugs have stood the test of time and have demonstrated efficacy witl1 an ac­
cepted profile and incidence of side effects. It is imp9rtant, stressed 
Professor Brune, to consider clinically relevant pharmacodynamic and pharma­
cokinetic properties of analgesics to identify their specific advantages and 
disadvantages. He used aspirin, paracetamol, ibuprofen and dipyl.·one (Jneta­
mizole) as long established examples to illustrate his approaclt. Aspirin and 
ibuprofen are particularly useful in alleviating pain related to inflammation, 
whereas dipyrone appeared particularly effective in spastic pain and paracetamol 
l ess active than the others as an analgesic. Dipyrone and paracetamol are 
widely used as antipyretics. 

Important pharmacokinetic characteristics of non-narcotic analge­
sics in man were rapid and reliable absorption, near complete bioavailabili­
ty , adequate distribution without preferential concentration in organs asso­
ciated with side effects,rapid elimination by the kidneys and liver, and a 
low propensity for drug interactions. Although all non- narcotic analgesics 
complied with t hese ideals to some extent, they were not equally suitabl e for 
routine analgesia. A long and variabl e elimination half-life reduced the 
usefulness · of pfroxicam and phenylbutazone, and delayed absorption decreased 
the value of some others . 

In returning to the 4 example drugs, Professor Brune pointed out 
t hat salicylic acid, a metabolite of aspirin, and 4-methylaminoantipyrine,the 
active metabolite of dipyrone, reached almost 100% bioavai l ability, whereas 
paracetamol and ibuprofen did not . The requirement for reliable elimination 
from the body was not met by all 4 example drugs since salicylic acid cumula­
tion may follow high doses of aspirin. Impaired kidney or 1i ver function may 
aggravate this risk and elimination of paracetamol may be prolonp:ed in patients 
with decreased liver function . Such reductions in the efficiency of elimina­
tion do not interfere wit h ibuprofen, whereas their influence on dipyrone is 
not known . 

Of the 4 drugs, only aspirin appears to bear the ris k of potential· 
ly serious drug interactions, said Professor Brune. However, none is without 
side effects and each causes specific potentially serious effects on rare 
occasions, although few epidemiological studies are available to confirm 
their incidence . The prolonged inhibition of plate~~t aggregation by aspirin 
necessitates its avoidance in patients with blood clotting disorders and, 
like ibuprofen, in patients with peptic ulceration. Patients whose intole~ 
ranee of aspirin appears as bronchoconstriction should avoid ibuprofen (and 
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other NSAIDs). Dipyrone should be used for only a few days in the elderly, 
who seem more likely to develop type I agranulocytosis, and paracetamol is 
best avoided in alcoholics. Professor Brune suggested that analgesic mix­
tures should be avoided in the treatment of pain, since their efficacy and 
risks had never been subjected to epidemiological scrutiny. 

Pulmonary Side Effects of Non-Narcotic Analgesics: Allergy and Pseudoallergy 

Tirn important aspects of allergic and pseudoallergic reactions to 
non-narcotic analgesics were presented by Professor B.A. Peskar of Ruhr-Uni­
versity, Bochum, West Germany, who concentrated on the relatively rare pul­
monary reactions to these drugs. Some patients react to the ingestion of 
non-narcotic analgesics with bronchoconstriction and asthmatic attacks , al­
though an allergic mecl1anism was responsible in only a few of these. In the 
majority the basis for the pulmonary side effects was pseudoallergic. Seve­
ral hypotheses have been advanced to explain the molecular mechanism of 
pseudoallergy, said Professor Peskar, including drug- induced stimulation of 
kinin receptors, activation of the complement system and interference with 
eicosanoid biosynthesis. Tirn latter hypothesis is attractive, he said, be­
cause inhibition of fat ty acid cyclo-oxygenase seems to be an important pro­
perty of the non-narcotic analgesics and could explain why susceptible persons 
~xhibit similar sensitivity to drugs of different chemical structure. 

It remains unknown, however, said Professor Peskar, whether the 
crucial drug effect on arachidonic acid metabolism is inhibition of synthe­
sis of a bronchodilating eicosanoid such as prostaglandin E2 or diversion 
away from cyclo-oxygenase products towards increased synthesis of broncho­
constricting l eukotrienes . The latter explanation was considered attractive 
by Professor Peskar, who pointed out that increased leukotriene formation 
and simultaneous inhibition of prostaglandin synthesis by various NSAIDs, 
including high concentrations of pyrazolones and paracetamol, had been observ­
ed in macrophages. However, none of the hypotheses explained why onlv a mi ­
nority of patients with predisposing conditions experienced pulmonary side 
effects. 

Professor Peskar then addressed the practical therapeutic aspects 
of the two types of reaction by reminding his audience that, whereas pati­
ents with true allergy need avoid only the specific allergens, pseudoaller­
gic aspirin-sensitive patients should avoid all NSAIDs that are effective 
inhibitors of cyclo-oxygenase . If such patients require treatment with anti­
inflammatory drugs, aspirin desensitisation can be tried. It should be re­
membered, however, continued Professor Peskar, that after desensitisation 
patients remain asthmatic and require regular therapy. 
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Renal Toxicity of Non-Narcotic Analgesics 

rrofessor P. Kincaid-Smith, from the University of Melbourne and 
TI1e Royal Melbourne Hospital, Australia, told her audience that the renal 
toxicity of non-narcotic analgesics involves acute, subacute and chronic da­
mage. Information on the renal effects of aspirin and NSAIDs in healthy sub­
jects is conflicting, but in high renin states, reductions in glomerular fil­
tration rate and renal plasma flow have been reported consistently. Oedema 
is the most common symptom associated with the administration of therapeutic 
doses of NSAIDs, being more pronounced in patients with underlying renal di­
sease or high renin states. Hyperkalaemia, which may be life-threatening is 
associated with decreased plasma renin and aldosterone, and has most often 
occurred during indomethacin treatment of gout . 

Acute renal failure, as distinct from the nephrotic syndrome, is 
probably caused by haemodynamic changes and often reverses rapidly after 
withdrawal of the drug. This acute deterioration in renal function usually 
occurs in patients with underlying renal disease in whom maintenance normal 
renal circulation depends on an adequate secretion of prostaglandin E2 and 
prostacyclin. Other predisposing factors include advancing age, high renin 
states, gout, renal artery stenosis and, particularly, concomitant diuretics. 
Although acute renal failure has been attributed to many NSAIDs, Professor 
Kincaid-Smith said that its incidence appears to correlate with the consump­
tion of any particular drug in a community. The frequent implication of 
phenylbutazone may, she suggested, be connected with its uricosuric activity . 

TI1e greatest interest in acute renal failure associated with NSAIDs 
has related to acute interstitial nephritis; the nephrotic syndrome, which 
commonly occurs in patients with previously normal renal function, appears 
after 2 to 18 months of drug treatment, recovers slowly after drug withdrawal 
and is probably an idiosyncratic reaction. In two-thirds of reported cases, 
fenoprofen has been implicated, zomepirac and tolmetin being suspected most 
often among the other widely used NSAIDs. The pathology of this subacute 
syndrome has attracted much interest, said Professor Kincaid-Smith, the changes 
resembling those of lipoid nephrosis. 

TI1e two chronic clinical syndromes discussed by Professor Kincaid­
Smi th, analgesic nephropathy and uroepithelial carcinoma, have been attributed 
to long term abuse of analgesic mixtures . Analgesic nephropathy, which is 
essentially a chronic progressive form of renal papillary necrosis, has a 
major incidence in countries where caffeine-containing powders are sold widely 
'over the counter' and taken in large amounts, and occurs often in patients 
with rheumatoid arthritis . In such patients renal papillary necrosis is 
found fTequently at autopsy and in a study conducted by Professor Kincaid-
Smi th there was either macroscopic or microscopic evidence of the syndrome 
in over 80% of cases . Initially, analgesic nephropathy was attributed to 
phenacetin, but the unabated mortality from the syndrome subsequent to phe­
nacetin restriction in some countries and the gradual decrease in end-stage 
renal failure from analgesic nephropathy following regulated sale of analge-
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sic mixtures containing asp1r1n, paracetamol, caffeine , salicylamide or phe­
nacetin, supports the contention from experimental studies that other anal ­
gesics are at least partly responsible. Professor Kincaid-Smith feiterated 
t hat abuse of analgesic mixtures has al so been implicated in uroepi thelial 
tumours, \~hi ch are found most often in females, but that this relationship 
has not always been confirmed. 

Role of Prostaglandin Synthesis Inhibition in NSAID-Associated Renal Syndromes 

In an appropriate sequel to the description of clinical syndromes 
associated with the renal toxicity of NSAIDs, Professor C.A.Patrono from t he 
Catholic University School of Medicine, Rome, Italy (Visiting Professor at 
the Royal Postgraduate Medical School, University of· London, England) explain­
ed the role of prostaglandin synthesis inhibition in their pathogenesis . He 
pointed out t hat, while there was adequate information causally relating 
drug-induced changes in renal function to concomitant decreases in prosta­
glandin synthesis, such data do not provide unequivocal proof t hat inhib itio11 
of renal prostaglandin synthesis leads to the development of chronic renal 
injury . It is now generally accepted that prostaglandin synthesis in the 
kidney is locali sed to specific sites and that prostaglandins synthesised in 
the cortex (primarily PGI2; prostacyclin) regulate cortical function (mesan­
gial relaxation and contraction, vasodilatation and vasoconstriction), while 
those synthesised in the medulla (PGE2) regulate medullary function (excre­
tion of sodium chloride and water) . ~easurement of urinary unmetaboli sed 
prostagl andins or t heir stable hydration products by radioimmunoassay provi­
des the best clinical assessment of the state of renal prostag landin produc­
tion . 

Professor Patrono explained that in healthy persons, renal func­
tion is not critically dependent on intact renal cycio-oxygenase activity, 
whereas under a variety of clinical conditions such as volume depletion, 
congestive heart failure, cirrhosis with ascites and the nephrotic syndrome, 
inhibition of modulatory prostaglandin activity by drugs that inhibit renal 
cyclo-oxygenase can acute l y reduce glomerular filtration rate and renal 
blood flow by 30 to 50%.Administration of aspirin, but not of sodium salicy­
late, reduced urinary PGE excretion and a similar effect occurs with most 
commonly used NSAIDs - except sulindac - when given at full anti-inflammato­
ry dosage, said Professor Patrone. Few dat~ are available on t he effects on 
rena l prostaglandin synthesis of the pyrazolones, pyrazolidines or p-amino­
phenol derivatives . Some of t he mechanisms proposed by Professor Patrone to 
explain t l1e sel ective sparing of renal cycl o-oxygenase included differential 
sensitivity of re11al cyclo-oxygenase, differential rate of recovery of glo­
merular cyclo-oxygenase after irreversible inactivation (as occurs with low 
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dose aspirin), and selective intrarenal inactivation of an active metabolite 
of a drug (as occurs with sulindac). 

The long term consequences of renal prostaglandin synthesis inhi­
bition are more difficu lt to assess, stressed Professor Patrono, although 
theoretically such inhibition might be responsible for medullary ischaemia 
possibly contributing to the picture of analgesic nephropathy. Furthermore, 
the long term consequences of selective versus non-selective cyclo-oxygenase 
inhibition remain unknown. The infrequency of renal syndromes associated 
with sulindac compared with their somewhat higher incidence in patients 
treated with other NSAIDs suggests that reduced renal prostaglandin synthe­
sis bears a cause-effect relationship to the reported functional changes. 
llowever, he pointed out, the disproportionate involvement of fenoprofen in 
the NSAID-induced nephrotic syndrome indicates that mechanisms other than 
inhibition of renal prostaglandin synthesis may contribute to the nephroto­
xic potential of any drug. 

Risk of Ulcer Complications with NSAIDs 

Professor M. JoS. Langman from the Queen's Medical Centre, Notting­
l1am, England, presented the findings of a r~cently completed case-control 
study, which determined the risk of peptic ulcer complications among users 
of aspirin and other NSAIDs. He pointed out that the conflicting data pro­
duced over the years, suggesting that the risk of upper gastrointestinal 
bleeding or perforation associated with anti-inflammatory drug intake could 
be either negligible or substantial , arose largely because of inadequate 
control s. Early retrospective case- control studies which appeared to s!)ow a 
substantial risk of gastric bleeding associated with aspirin intake failed 
to compare the drug intake of patients with that of individuals in the com­
munity . Since the reasons for analgesis intak~ were also not cm1sidered in 
t hese studies, it was conceivabl e that patients would be taking the analge­
sic to relieve ulcer pain. In such circumstances , subsequent gastric bleed­
ing would not be caused by the analgesic intake. Professor Langman and l1is 
colleagues set out to overcome these study design deficiencies by choosing 
age- and sex-matched community control s and by using paracetamol as a posi­
tive control. Analysis of the derived data indicated that about one-third 
of aspirin intake in patients with bleeding is equivalent to that in controls 
and is by deduction non-causal; another third, by reference to parallel in­
creases in paracetamol intake, represented drug intake consequent upon the 
presence of the bleeding lesion and was thus also non-causal . The remaining 
third was unexplained and likely to be causal. 

As regards NSAIDs, Professor Langman stated that the perception of 
clinicians has been that sucl1 drugs were commonly associated with upper gas-
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trointestinal bleeding and with ulcer perforation . However, he said, there 
has been no unanimity about the likely causal drugs and no properly control­
led studies that enabled calculation of the risk . Again determined to right 
this s_ituation,Professor Langman, by including matched community controls 
and limiting comparisons to individuals aged 60 years or more, was able to 
show that the riks of ulcer complications among such individuals treated 
with NSAIDs were appreciable . Assuming that the findings in the Nottingham 
population were representative of those generally in the United Kingdom, 
there might be about 2000 cases of bleeding induced by NSAIDs each year in 
the total UK population . The insubstantial risk of ulcer complications sug­
gested by postmarketing surveillance studies has arisen, said Professor 
Langman, because the apparently large case series studieed are dwarfed by 
the general extent of prescribing and because such surveys have not concen­
trated on those gt greatest risk - the elderly, 

Role of uukotrienes and Prostaglandins in NSAID-Induced 
Acute Gastrointestinal l\tlucosal Damage 

An overview of the experimental evidence exannn1ng the role of 
prostaglandins and leukotrienes in the acute damage of the gastric mucosa 
induced by non- narcotic analgesics was presented by Professor B.M. Peskar of 
Ruhr-University, Bochum, West Germany. Since gastrointestinal tissues have 
a high synthesising capacity for prostaglandins (PG), some of which have 
been shown to protect the gastrointestinal mucosa against potentially harmful 
substances, it has been suggested that the generation of prostaglandins is 
crucial in maintaining mucosa! integrity . 

The hypothesis that aspirin and like substances disrupt the gastric 
mucosa! barrier, thus promoting back diffusion of acid into mucosa! tissue, 
has been overshadowed by another well suppoi.'ted hypothesis that inhibition of 
cyclo-oxygenase, and consequently of prostaglandin synthesis, reduces the 
capacity of the gastric mucosa to resist injury. This is supported by expe­
rimental studies in which the concomitant administration of PGE2 and aspirin 
reduced the overt mucosa! damage and microbleeding relative to that induced 
by aspirin alone. NSAIDs which inhibit both gastrointestinal and systemic 
prostaglandin production cause gastrointestinal mucosa! damage, whereas those 
drugs that inhibit systemic prostaglandin synthesis (reduced concentration of 
cil~culating PGmetabolite ketodihydroprostaglandin F2 ) , while having minimal 
effect on gastric PGE2, are less ulcerogenic. In tfi~s context, Professor 
Peskar pointed out that paracetamol, which does not inhibit gastrointestinal 
prostaglandin formation, causes no damage to gastric mucosa, whereas aspirin 
and indomethacin inhibit gastrointestinal prostaglandins and are more damag~ 
ing to the mucosa. Factors such as tissue-specific differences in the sen­
si ti vi ty of cyclo-oxygenase and pharmacokinetic properties modify the inhibi-
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tory activity of analgesic and anti-inflammatory drugs on gastrointestinal 
prostaglandin formation. 

The active metabolite of dipyrone (metamizole) has been found to 
minimally decrease gastrointestinal prostaglandins in some stt1dies but not 
in other, and it was suggested by Professor Peskar that species or methodo-
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1 ogical differences may account for these findings. It was postulated that 
increased production of leukotriene c4 might encourage gastric mucosal damage, 
since its stimulation by ethyl alcohol paralleled induction ')f mucosal ulcera­
tion, and inhibition of alcohol-stimulated leukotriene c4 by carbenoxalone or 
a lipoxygenase inhibitor attenuated the mucosal damage. Although Professor 
Peskar considered that inhibitors of cyclo-oxygenase could increase leuko­
triene formation by shifting the substrate arachidonic acid to the lipoxyge­
nase pathyway, she conceded that the role of leukotrienes in NSAID-induced 
acute gastrointestinal mucosal damage had yet to be established. 

Liver Damage 

The clear message from Professor L .F. Prescott from the Royal Infh'­
mary, Edinburgh, Scotland, was that although the non-narcotic analgesics can 
produce a variety of hepatic l esions , clinically significant liver damage is 
uncommon with usual therapeutic use. The pattern of hepatotoxicity caused by 
the salicylates , NSAIDs, paracetamol and the pyrazolones differs, but many of 
these drugs can cause generalised reactions which involve the liver. Depen­
ding on the drugs in question, the risks of liver injury may be conditioned 
by factors such as age, sex, dose and duration of treatment. Hepatotoxicity 
associated with the use of salicylates and most NSAIDs has been reported 
most often in females with collagen diseases , but this may simply reflect the 
greater use of these drugs in such patients. Paracetamol- induced liver damage 
occurs almost exclusively as a result of overdosage. 

Professor Prescott pointed out that pathological changes seen in 
hepatic reactions to non-narcotic analgesics are generally variable and non­
specific, except for the microvesicular fatty changes in hepatocytes of pa­
tients with Reye ' s syndrome attributed to salicylate, the acute centrilobu­
l ar necrosis caused by paracetamol in overdosage , and the marked cholestasis 
produced by benoxaprofen. About half of the patients given salicylate deve­
lop minor abnormalities of liver function that are related to plasma salicy­
late concentration and are usually rapidly reversible. However , said Profes­
sor Prescott, in a small proportion of predominantly young patients, liver 
damage is more severe and closely resembles that seen with Reye 1 s syndrome, 
which has a high mortality rate. Since the young seem particularly sensitive 
to the adverse metabolic and hepatic effects of salicylates, Professor Pre­
scott suggested, provocatively, tl1at aspirin not be given to children. 
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Professor Prescott reiterated that, in substantial overdosage, pa­
racetamol can cause acute hepatic necrosis. Without specific treatment, some 
8% of adults suffer severe liver damage and 1 to 2% die with hepa'tic failure 
and encephalopathy. The average acute single threshold dose for severe liver 
damage is about 250 mg/kg in adults but is probably greater in children. 
Severe paracetamol-induced liver damage is characterised by a dramatic in­
crease in plasma aminotransferase activity up to 10,000 UJL or more, prolon­
gation of the prothrombin time and a modest increase in plasma bilirubin 
concentration . Maximum abnormalities of liver function are delayed until the · 
third day, after which recovery is usually rapid and compl ete . In very se­
verely poisoned patients who do not receive early specific therapy, hepatic 
failure with encephalopathy may occur on the fourth to sixth days. Parace­
tamol causes liver damage by conversion to a reactive metabolite (N-acetyl­
benzoquinoneimine) which binds covalently to hepatic proteins and inactivates 
sulfhydryl-containing enzymes . Glutathione plays a crucial protective role 
by preferential conjugation with this metabolite: hepatic necrosis does not 
occur until glutathione is depleted. The administration of sulfhydryl com­
pounds such as N-acetylcysteine within 8 to 10 hours effectively prevents 
liver damage and death, said Professor Prescott. Liver damage has been at­
tributed to the therapeutic use of paracetamol but in most reports the dose 
was excessive and many patients were chronic alcoholics (who seem to be at 
incre(1sed risk). In these cases the features were typical of acute over­
dosage. 

Liver damage has been reported with most NSAIDs and pyrazolone 
analgesics ~utazones), but a consistent and characteristic pattern of he­
patotoxicity is evident with relatively few. Professor Prescott emphasised 
that a rank order of relative risk cannot be established and the incidence 
in relation to use is not known. Benoxaprofen (now withdrawn) produced a 
characteristic syndrome which was often fatal, and over the years there have 
been many reports of hepatotoxicity with phenylbutazone after both therapeu­
tic use and overdosage. Of the other drugs in these groups, glafenine, di­
clofenac, clomethacin, sulindac and pirprofen seem to carry the greatest 
risk of hepatotoxicity. The mechanisms are unknown . 

Blood Dyscrnsias Secondary to NSAlDs 

In a presentation on blood dyscrasias secondary to NSAIDs, Profes­
sor P.A. Miescher from the Geneva University Hospital, Switzerland, told his 
audience that drug reactions may be classified as either reactions to the 
pharmacological properties of the drug or those caused by a drug-dependent 
immune mechanism. Reactions belonging to the first category seldom occur 
with NSAIDs and usually do so when the drug is given in excessive dosage or 
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to an individual who is highly susceptible to a certain pharmacological ac­
tion. By far the largest proportion of NSAID-induced reactions is of the 
immune type, said Professor Miescher. He also commented that the risk of 
immunisation varies between drugs, those which are strongly bound to proteins 
being more likely to form drug-specific antibodies. The strongly bound pyra­
zolidines (butazones) are particularly prone to produce severe immunologi~al 
complications. Once immunisation has occurred, re-exposure to the offending 
drug may lead to allergic reactions, the nature of which depends on the de­
gree of sensitisation, the type of immune reaction and the in vivo half-life 
of the causative drug. Professor Miescher informed his audience that 5 dif­
ferent mechanisms can be .distinguished: (a) IgE-mediated drug reactions, (b) 
IgG- and IgM-induced blood cell damage, (c) passive agglutination-type me­
chanism of drug-induced blood cell damage, (d) partial autoantibody-induced 
drug reactions and, finally , ( e) drug-induced autoantibody formation . 

Professor Miescher continued with a discussion of the haematologi­
cal side effects of NSAIDs according to the mechanisms by which they produced 
agranulocytosis, thrombocytopenia, haemolytic anaemia, aplastic anaemia or 
pure red cell anaemia. In the 1920s, aminopyrine was found to cause agranu­
locytosis characterised by a rapid onset with flu-like symptoms. This type I 
agranulocytosis is rapidly reversible provided that the drug is stopped upon 
appearance of the early symptoms (sore throat). The pyrazolidines (butazones), 
phenothiazines and chlorarnphenicol, on the other hand, produc·e agranulocyto­
sis of either type II or a mixed type. After drug withdrawal, recovery from 
type II agranulocytosis is slower than from type I, and the prognosis less 
favourable. The acetic acid derivatives indomethacin, sulindac, tolrnetin 
and zomepirac have occasionally been implicated in agranulocytosis, as have 
other NSAIDs including fenoprofen, fenbufen, ibuprofen, naproxen and mefena­
mic acid. Thrombocytopenia, like agranulocytosis, can be divided into types 
I and II, explained Professor Miescher, with type I having the faster recove­
ry. Indomethacin, clomethacin, sulindac and tolmetin, have most often been 
associated with thrombocytopenia. Haemolytic anaemia, a less common side 
effect, has been reported with methyldopa and mefenamic acid, but the autoan­
tibody production seen with these drugs is rarely found with other analgesics . 

The most serious haematological reaction is aplastic anaemia , said 
Professor Miescher , since it causes the highest mortality . Fortunately, 
however, its incidence is low . Current data suggest the involvement of im­
mune phenomena and that it is more likely to develop with drugs producing 
type II agranulocytosis than with those involved in type I . Professor Mie­
scher reminded those present that the side effects of the various drugs must 
always be considered in relationship to their total consumption as well as to 
the population at risk . There was a tendency for physicians to incriminate 
the newest drug in a patient who developed a blood dyscrasia, but in many 
instances a causal relationship could not be established. It is hoped, con­
cluded Professor Miescher, that future careful evaluation of adverse drug 
reaction reports will provide a more accurate incidence of blood dyscrasias 
occurring with· the implicated drugs. 
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Prescription Event Monitoring 

A large scale attempt to link exposure to selected drugs, iden­
tified by means of prescriptions, with subsequent events recorded in pat­
ients 1 case records was described by Mr. N .s .B . Ra1'1son from the Drug Sur­
veillance Research Unit, Southampton, England. Patients being treated with 
any of the 4 drugs monitored at any one time are identified manually by the 
Prescription Pricing Authority. The identity of the selected drugs is not 
revealed until receipt of the required number of prescriptions. A maximum 
of 4 questionnaires, known as 'green forms ' , are sent to any one doctor 
who indicates when the drug was first prescribed and for what indication, 
its efficacy, and any events which occurred during or after treatment. 
Such events are not restricted only to those thought to be due to drugs. 
Since the scheme began in 1982, about 200,000 'green forms' relating to one 
or other of more than 12 drugs have been received by the unit. 

TI1e results of studies with 5 NSAIDs, benoxaprofen, zomepirac, 
slow release indomethacin ('Osmosin'), fenbufen and piroxicam, were present­
ed by Mr Rawson, who stated that as the first 3 drugs mentioned had been 
withdrawn from the market before monitoring began, the study concerned the 
follow-up period of 4 to 18 months. Osteoarthritis, the most common indi­
cation, accounted for 18% of patients taking zomepirac and 46 to 48% of 
those using the other drugs. Rheumatoid arthritis was treated more often 
with benoxaprofen than with any of the other drugs , while zomepirac was 
often used as an analgesic in terminal cancer. Mr Rawson considered the 
rate of reporting within this voluntary scheme to be good,with 57 to 
68% of mailed questionnaires being returned. Derived data clearly illus­
trated the tendency of benoxaprofen to cause photosensitivity, rash, ony­
cholysis and nail changes. Gastrointestinal events occurred with similar 
frequency for all 5 drugs and there were only 4 deaths from peptic ulcer 
complications among the 55, 642 patients studied. One of the pitfalls of 
assessing the events was highlighted with the example of the persistently 
high incidence of dyspepsia and gastritis after cessation of 'Osmosin ' , a 
drug developed to decrease such events in patients who experience gastroin­
testinal symptoms with other NSAIDs. 

It is important to remember, said Mr Rawson, that the prescrip­
tion event monitoring system described will identify only those events which 
occur in at least 1 in 1000 patients. Although the service was criticised 
for failing to measure the incidence of benoxaprofen-induced fatal hepato­
renal disorders, it did detect these conditions in patients treated with 
benoxaprofen, 
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Intensive Medicines Monitoring Programme in New Zealand 

A description of a postmarketing surveillance scheme conducted in 
New Zealand and known as the Intensive Medicines Monitoring Progranune (IMP), 
was presented by Professor I .R .Ed1'1ards from the University of Otago, Dune­
din, New Zealand. This programme was instigated to monitor for 3 years me­
dicines selected because of their novel chemistry or pharmacology, their 
relationship to other drugs which previously caused clinical problems,or 
their potentially extensive usage . 

Originally, pharmacists were requested to record details of the 
patient and prescribing doctor, t he medicine,the dose and the duration of 
t he prescription, each time a prescription for a sel ected drug was dispen­
sed. Concurrently, prescribing doctors were asked to forward detail s of 
any unexpected clinical events, whether or not they believed them to be 
medicine-related. Unlike in the programme described by Mr Rawson, doctors 
and pharmacist s are advised of the drugs currently on the IMP. 

The usual rate of returns from pharmacists is about 80%, but from 
doctors is about 5%, and there is a tendency to report apparent reactions 
requiring cessation of treatment rather than events . The main reasons for 
non-reporting, s aid Professor Edwar ds, were the 'Seven Deadly Sins' pre ­
viously described by professor W. Inman-complacency, fear of litigation, 
guilt , ambition, ignorance , di ffidence and lethargy. In an attempt to 
improve on this poor r esponse, data linkage sys tems, and a special self­
carbonated duplicate prescription form to be us ed only for IMP medicines , 
have been i ntroduced. The inclusion of an event indicator box to be ticked 
by the doctor has enabled active follow-up by the Medical Assessor 's office 
of all positive responses and has resulted in a 15-fold increase in event 
reporting. Consequent ly, the duplicate prescription system will be intro­
duced throughout the country over the next 3 years. 

Drugs monitored by the scheme have included mianserin, nifedipine , 
captopr i l and amiodarone, but unfortunately, said Professor Edwards, no 
non-narcotic analgesics have been studied. TI1us far, the IMP has alerted 
doctors to new events r equiring act ive follow-up, led to the establishment 
of adverse drug reaction profil es , and indicated r isk/benefit relationships. 
Despite the potential for abuse of confidentiality, this inexpensive system 
has been running successfully for 10 years. 
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Serious ADRs Associated with Non-Narcotic Analgesics 

An estimate of the risk of serious adverse events or death asso­
ciated with non-narcotic analgesic administration, based on data from cli­
nical experience in West Germany, was presented by Professor H .Ke1-1i tz of 
the Freie Universitit Berlin, West Germany. Professor Kewitz reiterated 
the point made by other speakers, that the real incidence of serious ADRs 
associated with analgesic use can best be determined by case-control epi­
demiological studies. In an example of hospital derived data, Professor 
Kewitz indicated that 1% of 6000 patients referred to the medical depart ­
ment had experienced a serious AOR attributed to analgesic ingestion . 
These patients were from a popul ation of 200,000 to 300,000 served by that 
hospital. Among another group of 6000 inpatients, who received analgesics 
during their stay in hospital, AORs were noted in 4.5 to 8 . 2% of those 
treated with paracetamol, indomethacin or aspirin and in 1% treated with 
dipyrone (metamizole) or tilidine . Gastrointestinal side effects were 
reported most frequently . 

Professor Kewitz referred briefly to the international case-con­
trol study on agranulocytosis and aplastic anaemia (I .S.A.A.A . ), which 
involved a total population of 19. 5 million people in 7 countries followed 
over a period of 5 years. While the results of this study are yet to be 
published, preliminary findings suggested that the incidence of agranulocy­
tosis was 6 per year per million of population while the incidence of aplas ­
tic anaemia was ha l f this value. The proportion of t hese blood dyscrasias 
due to analgesic use is not clear, but since t he overal l mortality among 
patients with agranulocytosis was 5% 1 the risk is low. In another study 
involving 3649 patients with colic pain, the frequency of bronchospasm or 
shock within 48 hours of inj ection of pyrazolones, opioids or other analge­
sics was 0. 2% to 0.5%. 

It was stressed by Professor Kewitz that although only some of 
.the reported events were attributable to analgesic use, no reliable dif­
ferentiation between disease-rel ated and drug-induced effects could be 
achieved. A multiple logistic regress ioh analys is which considered pati­
ent's age, sex, severity of colic, hospital admission and concomitant use 
of other drugs, revealed no significant differences between the drug groups. 
None of the 7 deaths t hat occurred was r elated to drug treatment. From 
these data, Professor Kewitz concluded that serious ADRs to analgesics, 
usually ' allergic ', occurred in 2 in 1000 patients. 
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The Regulatory Challenge 

The challenge for drug regulatory authorities is to strike a ba­
lance between what is ideally desirable and that which is reasonably attain­
able within the limits set by resources and usefulness, said Professor 
P.K.N. Lunde of the University of Oslo, Norway. The major objective is to 
protect the public by selecting the safest possible and most cost-effective 
drugs and by ensuring that such drugs are used to greatest advantage. Re­
gulators face many influencing factors, including the sometimes conflicting 
interests of politicians, the medical professions, teaching institutions, 
pharmaceutical manufacturers and consumers. In addition, the lay press and 
mass media increasingly voice a variety of interests and opinions,the in­
fluence of which-along with the other forces-varies both between and within 
countries. While the regulatory bodies clearly acknowledge the rights of 
individuals to make up their own minds, those authorities must be careful 
that attitudes alone do not form the basis for regulatory actions or medi­
cal practice. 

It must always be remembered, said Professor Lunde, that drugs 
are not a substitute for deficient health services, and that drugs-although 
usually considered beneficial -may be harmful if inappropriately used and 
promoted. For example, he said, some fixed dose combinations are so imba­
lanced in their content or include such a large number of ingredients , that 
they greatly increase the risk of toxic or hypersensitivity reactions. Pro­
fessor Lunde reiterated that there is a fine balance between restrictive 
and constructive measures, since the flourishing private drug and health 
sector must be contained while promoting a credible public health sector 
and some degree of confrontation with the vested interests is inevitable . 

If it is to be effective, a drug regulatory agency must enlist 
the participation of the appropriate professionals and consumers, represen­
ting expert skills and common sense . There is a constant need for global 
collaboration and communication within and beyond the field of drugs and 
for improving the education of health professionals and the public. Poli ­
ticians must not be given the impression, said Professor Lunde, that any 
drug-and therapy-orientated problem can be solved simply by allocation of 
sufficient resources. 

Progress has been made, and there is now available a draft model 
WHO curriculum ' on national drug policy and rational drug use, for critical 
testing within universities and other institutions responsible for the edu­
cation of health workers. In concluding, Professor Lunde said that it is 
vital that any national drug policy retain sufficient flexibility so that 
decisions can be modified in the light of subsequent experience. 
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Regulatory Decisions and the Consumer 

An insight into what the British consumer can reasonably expect 
of their drug regulatory authorities was provid~d by Professor M.D.Rawlins 
of the University of Newcastle Upon Tyne, England . While consumers can 
reasonably expect regulatory judgements on drug quality, efficacy and rela ­
tive safety for prescription drugs, and finer judgement on these drugs from 
their prescribers, with OTC medicines consumers must rely on the professional 
judgement of regulatory authorities. Thus, said Professor Rawlins, the 
safety of OTC products must be well established and of greater magnitude 
than for prescribed medicines. 

The five principal consumer expectations at the time of marketing 
are that (a) a drug should be of good quality; (b) it should have an esta­
blished efficacy for its claimed indications ; (c) it should have satisfied 
the regulatory authorities' s tandards of safety; (d) it should have under­
gone professional assessment of benefit/risk; and (e) doctors should have 
been adequately informed of how best to use the drug and be aware of any 
potential problems evident on the basis of available data. Additionally, 
consumers expect to be protected from extravagant promoter claims of effi­
cacy and safety. Once a drug is marketed, there i s the obvious consumer 
expectation of continued surveillance by the regulators to re-evaluate 
benefit/risk ratios, which at present is being achieved by means of spon­
taneous reporting systems. 

With the NSAIDs, said Professor Rawlins, ADR reports r epresent a 
comparatively high proportion of total reports ; 20 to 30% of those received 
by the Conuni ttee on Safety of Medicine between the years 1977 and 1981. 
Such reports fol l owed a clear pattern, being high during the first year 
of introduction and gradually declining with time, both in total and as 
events per million prescriptions. In descending order of frequency, NSAID ­
induced events involve the gastrointestinal tract, liver , blood, skin and 
kidneys . When examining spontaneous ADRs , regulatory authorities look for 
novel effects, such as anaphylaxi s with zomepirac which led to its sub se­
quent withdrawal; risk factors such as age, dose, duration of treatment; 
and, controversially, use reports to make compari sons between available 
NSAIDs. Although controversial, such use of these data has shown that dur­
ing the fir st 5 years of marketing of 13 NSAIDs, the number of r eports per 
drug has varied from 275 down to 13 per million prescriptions . T!1e 3 drugs 
associated with a high r eporting rate were withdrawn from the market, but 
not without some controversy, said Professor Rawlins. At the other end of 
the scal e , ibuprofen is now available as an OTC product . There are several 
sources of bias which confound the interpretation of these data, including 
potential aberrations caused by careful postmarketing surveillance s tudies . 
for some drugs but not others, special claims for safety by the manufactur­
ers, and adverse publicity which may increase the reporting rate for a par­
ticular dr ug. 
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Finely-tuned judgement need s to be exerted by prescribing doctors 
when the balance between safet y and efficacy is unclear or when close pat ­
ient monitoring is needed to avoid toxicity, and only when extensive and 
prolonged c linical experience indicates such judgement to be unneces sary 
can the cons umer expect wider and more convenient OTC availability with 
appropriat e labelling. 

Decision-making and the Regulatory Bodies: Viewpoint from Sweden 

A regulatory authority view of the adequacy of the Swedish syst em 
of assessing risk associated with drug administrat ion was presented by Pro­
fessor K. Strandberg of the National Board of Health and Wel fare , Uppsala, 
Sweden , He stressed that to be effective, postmarketing surveillance of 
drugs must be customi sed for the specific probl ems of that country. He 
out lined the approaches used in Sweden , where spontaneous ADR reporting 
data and those from dr ug utilisation and patient-and disease-orientated 
registers have provided much useful information on safety problems wit h 
different drugs . 

The registers, which provide i nformation from the whole or a 
random sampl e of t he population, involve relatively simple reporting tech­
niques, and include total sales, prescription sample, diagnosis and therapy, 
mortality, cancer, malformation and patient registers . The cost of obtain­
ing t his i nformation is low, since it is collected primarily for other pur­
poses such as heal t h care planning. The system of spontaneous ADR report­
i ng is well supported by Swedish physicians, as reflected by reports of the 
Guillain-Barte syndrome associated with zimeldine . While acknowledging the 
advantages and disadvantages of the spontaneous reporting system, Professor 
Strandberg said t hat the number of reports had increased consistently to 
t he present level of around 3000 per year. Although under-reporting and 
sel ective reporting were al so generally considered to be disadvantageous , 
t he l atter had been advantageous in identifying risk factors in glibencl a­
mide-induced hypoglycaemia. 

In touching upon the controversial subject of using ADR data for 
comparative analyses among related drugs, also discussed by Professor Raw­
lins, it was pointed out by Professor Strandberg that while one school of 
t hought holds the view t hat spontaneous ADR reports should not be used at 
all for comparative analyses, his department cons idered these reports to 
be hypot heses generating and so l eading to some cautious ly monitored com­
pari sons. In o)le such instance an apparently excessive incidence of ADRs 
associated with phenformin was shown to be erroneous after phenformin was 
restricted and the subsequent increase in metformin usage was found to be 
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accompanied by a parallel increase in ADRs. However,since lactic acidosis 
and fatal reactions remained more frequent with phenformin, and no differ­
ence in patient characteristics was detected from the prescription survey, 
it was decided t .o withdraw phenformin from the Swedish market in 1978. 

Monitoring of the available NSAIDs over several years has revea­
led ADR profiles that are qualitatively similar, although quantitative dif­
ferences with respect to skin, liver and central nervous system effects 
were evident with some drugs . Professor Strandberg stressed, however, that 
the data generated are not able to determine whether or not the findings 
are genuine reflections of the inherent properties of the drugs . He also 
warned that those people who insist on conclusive scientific validation 
should realise that to accomplish this before any action is taken may be 
impossible, usually because of the time required. 

The greatest disadvantage with the patient and disease registers, 
said Professor Strandberg, is the frequently inaccurate diagnoses, whereas 
a general disadvantage is the delay in obtaining the data, ranging from 
about 3 months for the drug utilisation register to an unacceptable 3 to 4 
years for the cancer register. The available systems are very useful, and 
can be improved by further education of physicians and complemented by pro­
vision for initiation of case control studies when problems indicate their 
necessity. 
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