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Reye’s syndrome may be described as an encephalo- 
pathy associated with fatty degeneration of the viscera 
which occurs primarily in children [lL6] although a 
few cases have been reported in young adults [6]. 
Several similar hepatic encephalopathies have long 
been recognized [7, S]. As a clinically observed child- 
hood disorder however. Reye’s syndrome is a rela- 
tively new phenomenon which has become increas- 
ingly widespread over the past fourteen years [l-6]. 
The aetiology of this syndrome remains unknown 
although a link with viral. particularly influenza B. 
infections may exist [ l-3,6]. Other workers maintain 
that a specific urea cycle enzyme deficiency occurs 
in susceptible individuals [9]. Of greater relevance to 
the present article is the suggestion that various exo- 
genous compounds may be involved in the pathogen- 
esis of this disorder. including; aflatoxins [l&12]. 
salicylates [4], pentenoic acids [ 13,141, and pesticide 
chemicals [ 15, 161. The complicated metabolic abnor- 
malities seen clinically in Reye’s syndrome have been 
recently reviewed [17]. 

The purpose of the present article is to evaluate 
some recent laboratory. clinical and epidemiological 
findings relevant to Reye’s syndrome from a bio- 
chemical and immunopharmacological perspective. 
Special emphasis is placed on the possibility that en- 
vironmental exposure to different. potentially toxic. 
foreign compounds (xenobiotics) may be responsible 
for the early pathogenesis of this disorder. In this con- 
text therefore, various chemically diverse compounds 
(or their toxic biotransformation products) will be 
considered to be xenohiotic initiabng factors, capable 
of altering the body’s biochemical and immunological 
status, thereby rendering it more susceptible to (viral) 
infection. 

Animal models. In recent years various animal 
models have been used to investigate possible aetiolo- 
gical factors in Reye’s syndrome. Prompted by the 
occurrence of several cases of the syndrome in the 
Atlantic provinces of Canada, Cracker et al. devel- 
oped an experimental model which demonstrated that 
certain insecticides [lS], or other constituents of in- 
secticide spray mixtures [16], can increase the letha- 
lity of subsequent viral infection. Different com- 
pounds have been studied similarly using other mam- 
malian species [lo, 13, 141. Earlier research had 
shown an interaction between viral infections and 
polychlorinated biphenyls in the duck [18]. To test 
the hypothesis developed in the present paper such 
models require further utilization with a much wider 
range of suspected xenobiotics including concomitant 
immunological assessments. Some of the interesting 

results published to date will be reconsidered from 
the immunopharmacological viewpoint promulgated 
here. 

In their original paper [15]. Cracker et al. demon- 
strated that the mortality rate due to subcutaneously 
injected mouse encephalomyocarditis virus was mark- 
edly greater in newborn animals previously painted 
(daily for nine days) with a comoil solution of dico- 
phane (DDT) plus fenitrothion compared to groups 
treated with either chemical alone. The animals that 
succumbed developed convulsions before death and 
histological examination revealed fatty infiltration of 
the liver. Groups pretreated with DDT prior to the 
viral administration showed large fatty droplets in the 
central lobular region of the liver. while finer and 
more generally distributed hepatic fat deposits were 
observed in the fenitrothion and fenitrothion plus 
DDT treated animals [IS]. 

In a more recent paper 1161. it was shown that 
it is the emulsifying agents used commercially in in- 
secticide spray solutions which may be responsible 
for the increased lethality following later viral infec- 
tion. In fact, this work indicated that the presence 
of fenitrothion in the pretreatment solutions actually 
protected the animals against the enhanced viral sus- 
ceptibility induced by the solvent-emulsifier solutions 
alone. This latter finding is particularly interesting in 
the context of the present paper. 

The authors offered no explanation for the appar- 
ent protective effect of fenitrothion in these studies 
but did suggest possible virus-chemical interactions 
to account for the enhancing effect of chemical pre- 
treatment on susceptibility to viruses generally [16]. 
Two plausible immunopharmacological points were 
not made. Firstly. there was no mention of possible 
competitive interactions of the chemicals involved for 
biotransformation enzymes to account for the protec- 
tive effects of fenitrothion. Secondly, the increased 
mortality due to viral infection in the pretreated ani- 
mals was not considered in terms of the potential 
adverse effects of xenobiotics in general on the integ- 
rity and function of the immune system. 

BiotranSformution nsprcts. In general all highly lipo- 
philic xenobiotics (all compounds foreign to the body 
including drugs) are rendered more water soluble and 
hence, more readily excreted, by the so-called mixed- 
function oxidase (microsomal) enzyme system located 
in the hepatic smooth endoplasmic reticulum [19]. 
In this way many lipid soluble foreign chemicals are 
detoxified. However. it is becoming increasingly evi- 
dent that some compounds may be metabolized to 
pharmacologically active [2&22]. or even highly 
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toxic 123 2X], intermediates by components of this 
same enzyme system. In mammals it is well known 
that many environmental xenobiotics, including DDT 
[ 19.29.301. 3.4~benzpyrcnc [ 19.23.311 and poly- 
chlorinated biphenyls I-121 arc powerful inducers of 
the mixed-function oxidasc system resulting in an 
enhanced biotransformation capacity. Enryme induc- 
tion is also associated with an incrcasc in h\cr weight 
and microscopically visible smooth endoplasmic reti- 
culum [ 19.331. (Proliferation of the smooth endoplas- 
mic reticulum has been reported in casts of Rcye’s 
syndrome 121.) Conversely. some compounds. includ- 
ing the organophosphatcs, although mctaboli/ed b\ 
components of this enzyme system. may compctitivelc 
inhibit the concomitant biotransformation of othct 
xenobiotics [ 19.34.351. Certain xenobiotics ma> he 
highly toxic to very young animals (depending on 
species) due to underdcvclopment of the mixed~ func- 
tion oxidase enzymes responsible for detoxification 
[36]. Biotransformation mechanisms may pro\c usc- 
ful in interpreting the animal experiments of Cracker 
t’r (11. [IS. 161. especially with regard to the protcctivc 
rtl’ects afforded by fenitrothion mentioned ahole. 

As with other organophosphate insecticides. the 
anticholinesterasc activity of fenitrothion is actually 
due to its irz ri~o biochemical conversion to an active 
oxygenated derivative. fenitrooxon [21.22.35]. How- 
ever, as outlined in Fig. 1. recent studies 1351 have 
shown that fenitrothion. but 110f fc!iitrooxon Inhibits 
the metabolism of other xenobiotics both irz riwo and 
in ririo. Different types of inhibition wcrc observed 
irl rlitr-o (fcnitrothion added to the microsomal prep- 
aration) compared to itl t3il.o (fenitrothion prctreat- 
ment of the animals before sacrifice) cxperimcnts. 
being competitive and noncompetitive. respectively. 
On the basis of the prolongation of hcxobarbitonc 
induced sleeping times, prior fenitrothion treatment 
was as effective as the “classical” mixed-function oxi- 
dasc inhibitor SKF 525-A (p-diethylaminoethyl- 
diphenyl-rl-propylacetatc HCI). Interestingly. irl l,iro 
experiments showed a species difference- inhibition 
in mice was markedly greater than in rats 13.51. 

On the basis of the foregoing an explanation of 
the protective effect observed with fenitrothion in the 
chemically pretreated, viral infected animals is poss- 
ible. Fenitrothion. by inhibiting the mixed-function 
oxidase enzymes. prevented the accumulation of toxic 
metabolites otherwise produced by the action of these 
enzymes on certain absorbed constituents of the sol- 
vent-emulsifier preparation. (Although the exact com- 
position of the solvent-emulsifier preparation IS not 
precisely known. analysis indicated the prcsencc of 
several aromatic compounds [16].) Such an intcrprc- 
tation is consistent with the fact that known inhibi- 

tars of the mixed-function otidasc s\stum protect 
against the toxicit! of carbon tetrachloridc and other 
organic hcpatotoxins [ 27.371. DDT anti similar 
microsomal cn/vmc inducers howc~ci-. uould he 
cxpccted to proiide no such protection and might 
cvcn promote the toxicit) of the otfcndmg agent(s). 
The validity of such interpretations could bc rcadilk 
tested in the animal model of C’rockcr VI <J/. [I h] bj 
using other known inhibitors anti stlrnulants of the 
microsomal cnzymc systsni. suih ah SKF i75-4 (01 
pipcronql butoxide) and phcnobarhitonc ~c\pcctlvcl~ 
[27.33.35]. in conjunction with the \uspcctcJ so- 
vent-emulsifier preparations. It I\ .ia<umcd in this ani- 
mal model. and in Rqc’\ s~ndromc rr\c.lf. that un&-- 
lying biochemical anomalies arc initiated b> exposure 
to a wsnobiotic fictor(s). which 111 turn lc:,ults in an 
impairment of normal immune dcfcncca agam5t \ub- 
sequent (viral) infcctlons 

Biodwr,~ic~~l md ir12rt7rr,10ioll~c,~~/ C~WI\. The chbcn- 
tial biochemical abnormalities ss\ociatcd with Rqe’s 
syndrome include: (i) altered lipid mctaholism with 
diffuse hcpatic triglyccridc deposit< ,md incrcascd 
hcrum free fall) acid cOTicciitI-:itions. (ir t Ii) poglycac- 
mia. and (iii) lmpaircd amino acid and urea cycle 
metabolism as manifested by high ammonia <md low 
blood citrulline conccntrationh [ 2. 171. The pro- 
nounccd CNS symptoms. such ,I\ con\ulzionh and 
coma may hc clue to an! on<:. II' not all. of thcsc 
biochemical changca. 

The observed fatt) degeneration and Wucturnl 
changes of the liver iirc congruous kvlth the hypothcti- 
cal initial involvement of xcnobiotlc lactoi-5 m the 
pathogcnesis of this Tyndromc. Se\cral known hq- 
totoxic xenobioticz. rncluding ethanol. ~Iw produce 
obvious changes in lipid mstaboltsm and Iiccr struc- 
ture in laboratory animals [IO. 3’. is], 

ParticularI! r&xmt to an irninLliropharmacologi- 
cal hasis of Reye’s syndrome ;I’: proposed here arc 
the numerous rcccnt reports tlcmonstratmg that many 
drugs and other vcnobiotics can modif! the irk ~YOYJ 

lymphocyte response to mitogens 179 41 J and other 
stimuli 1421 as well as tli CT en.Imcration of T and B 
cells [33.34]. On the other hand. it 14 conccivablc 
that impaired immune rcsponsl\cness could be irl- 
direct or secondq to xenabiotlc induced changes in 
fatty acid metabolism and moblliration [2. I I. 171. 
Recent investigations in SC\C’I-al laboratories ha\c 
demonstrated dimunshed tymphoc! tc function in the 
presence of certain (tinsaturated) f:itt! ,iciJs [45 471. 
Moreovci-, since high piasnl;~ I wlic s\MP (this 
“second messenger” promote\ mtracclluiar lipoty.sla 
[4X]) concentrations have hccn found in patients with 
Rcye’s syndrome 1391. It ih notc*north) that this nu- 
cleotide has ;I myriad 01 cfTect\ ~mostl\ inhibitor!) 

Mixed function oxidase 

(CH30)2- l (cy)*- 

Fenitrothion Fsnitrooxon 

i) Little effect on Ach'ase I) Potent Acn'ase Jnhtbitor 

ii) Inhibits MFO activity ii) Little effect on MN ~ctiv!tY 

Fig. 1. The relative effects of the organophosphate pesticide fcnitrothion and Its metaholitc. fcn~tr~x~zcm 
on mixed-function oxidasc (MFO) and acetylcholinesterase (Ach’asc) c’n,ymt’c (I~tccd on r75] I. 



Immunopharmacological considerations in Reye’s syndrome 
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Fig. 2. An outline of the postulated xenobiotic initiated pathogenic mechanisms in Reye’s syndrome 
(For details. see text). 

on the immune system [44, SO]. Also, in addition to 
parenchymal cell changes, it. is possible that a xeno- 
biotic induced malfunction of hepatic reticuloendo- 
thelial (Kupffer) cells could partly contribute to an 
overall modification of immunological function. 
Overloading of the phagocytic capacity of damaged 
Kupffer cells by enteric bacteria has been postulated 
to account for the hyperglobulinaemia observed in 
cirrhosis, by allowing excess antigen contact with 
antibody forming (B) cells [Sl]. Increased numbers 
of “young” KuplTer cells are thought to occur in 
Reye’s syndrome [Z] and in experimental animals 
after Ccl, induced hepatotoxicity [Sl]. 

The postulated xenobiotic initiated pathogenic 
mechanisms presented here are outlined in Fig. 2. 

Possible xenobiotic factors in Reye’s syndrome. In 
the present work it is suggested that Reye’s syndrome 
can be precipitated by many chemically unrelated 
compounds, each of which has the capacity to cause 
subclinical biochemical and functional abnormalities 
of the liver and immune system [Fig. 23. Reye’s syn- 
drome or very similar clinical disorders are found in 
many different geographical regions of the world. 
Thus, animal [ 10, 133 and clinical studies [ 11, 123 
have implicated the potent carcinogenic and hepato- 
toxic aflatoxins in the pathogenesis of this syndrome 
in countries where certain foodstuffs are found to be 
contaminated with these mycotoxins. Amanitatoxin 
induced mycetismus [ 13,521 and Jamaican vomiting 
sickness caused by hypoglycin-A in ingested ackee 
fruit [ 1,2,13, 14,533 both closely resemble Reye’s 
syndrome. Although a link with viral infections 
remains unknown in these disorders, it is interesting 
that the aflatoxins and hypoglycin-A (a-aminomethy- 
lenecyclopropylpropionic acid) seem to require bio- 

transformation in the body to produce their toxic 
effects [25,26,53]. 

As already mentioned, pesticides and various other 
organic compounds have been investigated as poss- 
ible aetiological factors in Reye’s syndrome [lO_163. 
Reports have provided evidence that many such com- 
pounds can produce definite changes in both liver 
biochemistry [ 10.13P16] and the immune response 
[41,54,55]. 

The reported association of Reye’s syndrome with 
salicylate ingestion [4] may merely reflect a propen- 
sity to use this common drug during the prodromal 
period. Nevertheless, such pharmacological agents 
could conceivably exacerbate the condition as sug- 
gested in Fig. 2. Salicylic acid and its derivatives have 
been shown to alter immune function both in vitro 
and in ho. [39,56,57] Also, salicylates are highly 
bound to plasma proteins and are capable of displac- 
ing many other compounds from their protein bind- 
ing sites [SS, 591. Concomitant administration of sali- 
cylates or other acidic drugs, therefore. could lead 
to elevated circulating unbound (active) concen- 
trations of certain fatty acids (the converse-fatty acid 
displacing drug-may be more likely), amino acids, 
bilirubin and, if present, other xenobiotics [58860]. 
Compounded with this, in advanced stages of the dis- 
ease toxic drug levels might readily occur as a result 
of a diminished capacity of damaged hepatocytes to 
detoxify foreign compounds [ 19,271. 

Regarding the increase in cases of Reye’s syndrome 
in North America in recent years. it is tempting to 
speculate as to possible xenobiotic initiating factors 
consistent with the pathogenic mechanisms postu- 
lated in this paper. Due to strict food processing regu- 
lations and proper storage facilities it seems unlikely 
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that aflatoxins would be significantly involved in this 

;LIGI of the world and therefore other environmental 
xcnobiotic substances should bc considered. 

Bearing in mind the young age group in which 
Rcyc’s syndrome occurs it is important to establish 
whether or not the fame retardant chemicals added 
to childrcns’ clothing materials could in any way bc 
associated with this disordrr 1611. The main chemical 
cmploycd as a flame retardant for childrcns’ pyjama 
material is Tris (7%dibromopropyl) phosphate which 
recent rcsrarch has shown to be a potent mutagen 

and potential carcinogen following hcpatic microsom- 
al metabolism [61.63]. Both animal and human 
studies indicate that this compound can be absorbed 
after topical application or contact [61&6?]. Other 
organic phosphate asters have been reported as con- 

taminants of plastic containers [64.62]. 
Epidemiological studies 13. h] have shown that a 

nationwide outbreak of Rcye’s syndrome occurred in 
the [‘nited States bctwcen January and April. 1974. 
reaching a peak in mid-February at about the same 
time as did the number of reported influenza B cases. 
It ma) be noteworthy that this particular outbreak 
of Rcye’s syndrome also occurred approximately six 
months after the inadvertent addition of polybro- 
minated biphenbls (PBB) to the food chain in the 
state of Michigan [61.66]. (A lag period between 
xcnobiotic exposure and Rqc‘s symptoms subsequent 
to viral infection is not inconsistent with the present 
hypothesis). It is now known that vast quantities of 
PBB contaminated dair) and poultry products were 
consumed by humans. particularly in rural areas of 
Michigan and neighbouring states 161.661. An associ- 
ation between the number of Rryc’s syndrome cases 
in carI! 1974 and the PBB incident would be difficult 
to establish and therefore. at present. must be 
regarded as mcrc speculation. Nevertheless. it is 
known that this outbreak (as admittedly. were earlier 
ones) occurred in rural and suburban areas with a 
frequoncq more than double that in urban areas 
13.61. Preliminary results however. indicate that in 
Michigan at lcast. there was no difference in the 
prevalence of influenza B infections between rural and 
urban arcas [6]. Forty-six cases of Reyc’s syndrome 
were rcportcd in Michigan during the January to 
mid-April. 1974 period compared to approximatel) 
one-third of this number over the previous two year 
period [67]. 

Concluding COIIII~IPIIIS. Due primarily to the multi- 
plicity of viral agents isolated from patients. the 
higher incidence in nonurban areas. and the pre- 
dominance of the disorder in children. several 
workers have implicated a role for additional environ- 
mental factors in the aetiology of this syndrome 
[I. 2.6. IO- 161. In view of the suspected link between 
environmental xenobiotics and viral infections. it is 
surprising, however. that thcrc is a distinct paucity 
of information pertaining to the immune response in 
Reye’s syndrome. 

Although the immunopharmacological concept 
propounded in this paper m,ar be controverted even- 
tually. it is the author’s opmlon nonetheless. that a 
concerted research effort into the r61c of both xeno- 
biotics and the immune response in Reye’s syndrome 
is now warranted. It is. after all. only recently that 
the scientific communit! has seriously begun to con- 
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