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Abstract:
Tetradymol is an hepatotoxin of moderate toxicity. It can survive in the animal system for at least
seven days and was located in all the organs examined.

Acute poisoning studies in mice have shown tetradymol caused dose dependent, centralobular necrosis.
The death time in control mice was 7.5 hours. The death time and the hepatic necrosis could be altered
after pretreatments with various compounds that altered the action of either the mixed function oxidase
enzymes or the conjugating enzymes.

Spectral binding studies have shown tetradymol to be a Type I binder to cytochrome P-450. This, along
with pretreatment studies indicated that it is metabolized via the mixed function oxidase system.
Pretreatment studies have shown the metabolite formed is more toxic than tetradymol.
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Abstract

Tetradymol is an hepatotoxin of moderate toxicity., It
can survive in the animal system for at least seven days and
was located in all the organs examlnedo-

Acute poisoning studies in mice have shown tetradymol
caused dose dependent, centralobular necrosis. 'The death
time-in control mice Wwas 7.5 hours. -The death time and the
hepatic necrosis could be altered after pretreatments with
various compounds that altered the action of either the
mixed function oxidase enzymes or the conjugating enzymes.

. Spectral blnding studies have shown tetradymol to be a
Type I binder to cytochrome P-450, This, along with

pretreatment studies indicated that it is metabolized via

the mixed function .oxidase system, Pretreatment studies have

shown the metabolite formed is more toxic than tetradymol.




INTRODUCTION

Tetradymol is a- toxic constituent isolated from

Tetradymia glabrata by Dr. Sam Reeder, It is a member of the

dompositae family, Senecio tribe, reéembling sage brush and
found in a broad region covering an area north to
Washington, east into Wyoming, Wést to California and south
to ‘the UfahTAri;ona bordér. It was first shown to be
responsible for deaﬁh in sheep on the Nevada ranges by
'Fleﬁing,l Further, it was known at that time to cause a
reversibie phenomenon called "Big Head",‘the symptoms of which
were facial-and ear tissue swelling. For more information on
"Big Head" the feéder is referred-to‘Brown.2

From 1918 t6-1922 Fleming and his colleagues conductéd
feeding experiments and a brief chemical study in ﬁhich the
more pertinent facts necessary fér killing sheep‘wére
ascertained: (i)'under scarce food conditions sheep would
eat the new growth Qf T. glabrata, ﬁormally they would not,
and an adult sheep could eat up to 2% of its body weight per
day without apparent harm; (2) since the lethal dose.cbuld be
fed over a relatively long_periéd it was thought the tékici
ﬁrinciple was slowly éliminated; (3) dea£h was attributed £d
hepatbﬁysfunction and cardiac,féiiure; (4) the toxic
constituent.wés contained in petfoleum ether and.acefone
1

extracts from the green plant.

Considering this work and.a later investigation by

t




2
Clawson and Huffman,B’q'the problem of isolating the toxic
constituent of T, glabrata was undertaken Ey Drs. S. K,
5 6

Reeder” and J. C. Hurley,

Two toxic compounds were isolaﬁed,

tetradymol and tetrédymadiol 6~isobutyrate, the:following is.

a brief summary of Réeder's5 work with tetradymol. -

From whole plant feeding experiments on sheep it was
shown thafz (1) feeding 1% of body weight for three days
reéulted—in deathg (2) bromsulphalein clearance time was
greatly lengtﬁened;.(B) blood serum ammonia levels were
elevated three to six times in poisoned sheep.5 The last two
points indicate h'e;pétodysfunction° To test cardiac
dysfunction elecfrdcardiogramslwere ﬁonitored onlall sheep
resuiting in no marked changes .being observed,

Autopsies were performed on all sheep thaf were poisoned.
fhe results are summarized belpw:6
1, Liver tissue demonstrated panlobular necrosis

lécalizéd.in the centralobular area.

2o Kidney tissue showed some_ general congestion and
swelling and h&peremia espédially in the
medulary pértiont |

30 Vafyiné dggrees of congesfion.were reflected in

" the lungs with some emphysema and bronchiolar
hemorrhageo'

4.' Cardiac tissue was not,greatly different from




3
normal revealing some congestion and a few
subepicardial hemorrhages.,

It was'concluded that the toxic principle was a -
.hepatotoxin and did not greatly effect.the heart.

The results of piant-extract feedings are shown in
Table'i.7 This Table shows the percentage . of plant weight
to body ueight was similar to whole-plant feedings and for.
the hexane.or acetone extracts, the BSP clearance time and
blood serum ammonia level changes were comparable, Results
'of‘feeding hexane or actone extracts were similar in dosage
level and'hepatic,damage incurred indicating the toxic
constituent was successfully extracted by these solveuts.

Since sheep. were. a large and expens1ve laboratory anlmal,
other smaller animals were tested resulting in simllar gross
changes in the llvers. It was decided that mice would be
used for further toxicity experiments.

Prelimiuary separation and feeding experiments of the

crude extract with mice indicated two different toxins.
One of the'toxius, tetradymol, was isolated and its‘structure
was confirmed by X-ray crystallographic determination of the
mercuric chloride derivative shown in Figure 1.8

Extractions with hexane were made w1th both ground and

unground plant material, Slnce grinding the material did not

result in the isolation of more tetradymol, it was assumed the




TABLE .17

.Plant Extract Sheep Feeding Experiments

) ¥*
Sheep Wt, Age Extract . Extract % plant“NHZ level BSP-clearance Result:
number 1bs. -yrse. fed. -from of ‘body
' . : pounds weight
E-635 98 1  Acstone I 4.5 3/12 5/18 3/36 5/79 death
E-665 104 1  Hexane 5.0 Le8  3/14 5/13 7/1k 5/LL 7/39 59100
’ : ' : ' gacrifiéed .
5-63L 103 . 1 Pentane 2.5 2.5 3/6 R : . release
_ -of ethanol ' o
E-628 104 1 Ethanol. 2.5 2.5 3/6 o ' release
: . remains : :

Plant. pounds-

extracted ‘fed

with _
H=BL1 102 1 Acetone 2;2 22 3/5 - - re-use
E-671 90 - 1 Hexane 2.5 2.8 3/8 release
§-653 100 1  FEthanol 2.5 2.5 _3/6 - _release

*Recorded as a fraction with the day of the feeding experiment when the. NH, level
test was run in the numerator and the. g/ml of N“L+ found in tho serum recorded as

" the denominator

®°Recorded as above with the day in theé numerator and the T, in minutes recorded as.
the derominators. Z
%y, i11 meaning very sick, actually down_and on the verge of death,
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Figure 1, Teiradymol mercuric chloride8

toxin was a surface compound and further hexane extractions
were made on unground plant material,

An LD50 of 170 to 333mg/kg was determined for the pure
tetradymol compound by feeding experiments with mice. The
results are shown in Table 2.9

Because preliminary feeding experiments indicated
tetradymol was a hepatotoxin, the liver would be an important
organ in considering what happens to tetradymol and the
effects of tetradymol poisoning. Therefore, a brief review of
the liver structure and function will be présented.

The liver contains hundreds of lobules which are the
basic functional unit., These lobules are basically hexagonal
in shape being longer than wide. The liver lobule is
constructed around a central vein and is composed principally
of many hepatic cellular plates. The plates are usually two
cells thick and radiate centrifugically from the central veine.
Lying between the hepatic plates are the small bile canaliculi
and around the plates are the liver sinusoids. On the

periphery of the lobule are portal areas which contain the bile
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TABLE 2°

Mouse Feeding Experiments

. Materials - mg/kg of ml/kg total Number of % dyiné in

and/or carrier toxin volume animals one week
1. Pure (II) 460 3,8 9 25
50% ethanol in : .
n-hexane

" 2a " 360 3.6 8 50
"3 " 280 305 8 63
L : " 190 . 21 8 75
5o M 160 - 4oQ 8. 50
6o 50% ethanol in 0,0 3.3 8 50°

.n-~hexane )
7o n 0,0 ‘ 5.0 9 50

" 8, Crude extract  2000-3000  3,0=4o5 5 00

in propylene . )
glycol

9, Crude extract 2100-3300 . Lo4=5,8 12 100
-in n-hexane '

" 10, n 1100-1200 1.9-2,0 L. 25
11, N-hexane = - 0,0 l4oO=lte9 8 00
120 " Ooo . 700"806 7 OO
13. Sublimed (II) 750-580 be8m6o2 7" 100

.in a~-hkexane . - : .
14, : " . . 330 . 3.3 9 1.00
15, Pure (II) in _330 363 9 100
n~-hexane T ) .
16. " 170 363 11 L5

"17e n ' 282 369 5 Lo
18, - " . 200 T 369 5 00
19, " 140 509 "5 00
20, noo. 100 3,9 5 00

*Pure (II) refers to sublimed, base washed tetradymol.
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lQ?ll Three views of

\dﬁct, hepafic artery, and portal vein,
the liver lobulé are illustrated in Figurés 3 3 and b OL&3
The 1iver lobule has a dual blood supply: (1) blood
flows in from the portal vein through the liver sindsoids,
empties. into the hepatic veins aﬁd'hence inté the vena cavé
:(this food=-laden blood comés from the inteétine); (2) oxygen.
rich blood flows in from the hepatic artery throuéh thel E
Sinﬁsoids‘and emﬁties”ihfo the hepatiC'veins.,ll’ll*"15
| ‘The éxocfine sécfetions of the hépatic cells are drained’
away by the bile canal%culi'which carry the secrétions"from‘.
thé central area of fhé lobule to the bile duct and is' even-
tually emptied into the 1ntestine.l6fl7 | |
. The Tunctions of the liver are puﬁeroué and iﬁﬁricate;‘
therefore;:only-albrief summary'will be presented. |
The hepatocytes can store a variety of compéunds; such
‘as, glycogen, émino acids, proteins, iron apd vitamins, These
can.fhen_be released into the éystem‘when they are neededalg919
As a result. the liver then performe:not,only a.storage fdnctiop,
but also, a‘regulafory‘functionL:'Fof eéxample, the liver takes
glucose from the blood and étoresithis aé glycogen. Whén
glucose.cohcentration begins to fall it is réfurned to the.
blood, which is éalled.the glucose buffer function of‘the
19,20,21 o

liver. _ Another way the liver maintains normal blood

glucose levels is through gluconeogenesis which converts aminb_
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acids and lactic acid to ‘glucose,,zo”a1

The liver performs important'functions in protein .-

metabolisms; (1) deamination of amino acids; (2) formation of -

‘urea for ammonia removal; (3) formatidn of plasma proteins;
(4) interconversions; such as, transaminations, among the
different amino acids and other cOmpbunqsolB’l9

’ The liver has a protective function in defoxifying
various compounds, One example is the transformatibn of
ammonia to urea, Further, the li&er will transform and/or
conjugate uﬁdesirable'prbducts or qompoundg thaf are absérbed
‘from the intestine which otherwisé might prove deleteriouévto
the boﬁy.lg’ao -

A wide range Qf compounds comprise the cdilection of
hepatofoxic agents ranging from simple molécules, such as,
carbon tetrachloride td_sudh complex compounds as steriods.
Their deversity is réflected not only in their structure bpt
also in their modes and degrees of action. The following
discussion is to aid in identifying and classifying these
égents into a more unified system. |

-In Tablé 3, hepétotoxic agenfs are classified‘by-the
.bresumed mechanism of hepatotpxiéity.

The criterig for distinguiéhiné between the types of .

hepatotoxins listed above are summarized in Tables 4, 5,  and

~ 6es The compounds that are intrinsic hepatdtoxins weré
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Table 320
Mechanistic Classification'of Hepatotoxins
I, Intrinsic hepatotoxins

As Direct - injure liver cells
directly and other organs

Be Indirect - injure liver cells
by diverting, blocking, or-
competitively inhibiting

~essential metabolites
II, Host-Idiosyncfacy
A.  Hypersensitivity

B, Metabolic abnormality in host

Table 422’23

4

Direct Hepatotoxicity Criteria.

Brief interval between eXposure and liver damage

~Toxicity dose related

Distinct liver lesions and. often other organs

Experimentally reproducible

High incidence

Protoplasmic poisons

Histological change is the same in man
and predictable from animal experiments
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2o
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13
Table 524
Indirect Hepatotoxicity Criteria
Same as for Direct except for 3 and 6
Hepatic necrosis or other_demage pnoduced by:
ao Competition with essential metabolites

be Selective’ blndlng of essential metabolltes
or nutrients

Ce Inhibition of specific enzyme functions

Selective interference with hepatic secretory or
excretory mechanisms without parenchymal damage

Tabie 625’26

Hypersensitivity Criteria

Sen51tlzat10n period (1=4 weeks) or previous
exposure

Recurrence of liver damagé on readministration

Cross=-, hypo-, or desensitization may be produced

Dose independent

Low incidence of occunnence

High incidencé of rash, fever, eosinophilia
Coincidence of blood dyscrasins’

Hieteloéy consistent with h&persensitivity

Injury not pfodnced in-animal species studies




1y
originally grouped in a large class of industrial chemicals or
solvents, these being such things as carbon tetrachloride,

27

chloroform, halogenated hydrocarbons, etcs In addition,
some‘drugs have been shown to cause direct hepgtdtoxicitye

A brief summary of necrééis will be ‘presented before
discussing compounds that cause iivér damage,

Hépaﬁic necroses may be roughly classified by distri-
bution:; (1) focal necrosis, ieo,xémall necrotic foci distri-
buted without any conétant-felatiénship to particular areas_bf
the liver lobules; (2) zonal necrosis, in which the invélved
areas are in fairly constant relationship to a particular paft
‘of the liver lopuleé-aﬁd are reférred to as cehfrai, midzonal,
and- peripheral; (3) diffiuse necrosis in which hépatic
parench&ma cells éfe destroyed over massiv§ areas;2§

In'éentral"or\centraldbular necrosis, the most common of
zonallnecroses, the'iobule surrounding the central vein is
neérosed° This fbrm‘of.necrosis may be caused by a vériety of
éhemical ﬁoisons,:Such as; carbbn ﬁetrachloride, phlbrofo;m,'
and t_rinitrotol'uene.?9 Midzonal necrosis involves the middle
.regions of the liver lobule and is appafént with yellow féver.
‘Phosphorus poisoning causeé ﬁeriphéral nécposis which is..
localized around the ﬁortél area of the lobule.2d

The first sign of-nécrosis is éWeiling iﬁ,the cells where

more severe changes will be apparent later. This. will be

29
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folléWed‘by éytopiasmic vacoularldegeneration‘or fatty
infiltration, 'Nuclearzchanges will become apparent such és
karyolysis, pyknosis, and karyorfhéxié aﬁd cell definition
will be lost as the cell dieso~"

Resistance of hepaticvcells véries with their @etaboiic
and ﬁutfitional state, - Adequate stores Qf_giycégen or
~adequate amounts of methionine, choline or oilzhez_-,vitamin'Bi2
complex componenté Appéar-to give somé protection frdm'
injurioué influence8528 |

AéAstatéd earlier numerous chemicals'cause liver injury
but little iS'knoﬁﬁ of the mechaﬂiém by_which these cﬁemicals'

31

produce such injury. The next secfion is a discuséion of
some éompouhds.thét produce liver hé&rosis (claSsificétion,‘
distfibution), hoﬁ necrosis may be alteréd éqd'a suggestion of
why ﬂecfosis.occurso | | ‘

In 1961, Denz and Hanger 2

‘isolated and characterized
the liver toxin from the leaves of the Ngaio tree (My0porum

Letum)o- Various domestic animals would readily eat the tree's

leaves, the résulf of which was fatal. This poisoning resulted

in liver démagé,'icterus, and photosensitivity. The toxic
principal was idéntified as a sesquiterpene kétonelcalled

32

ngaione; the structﬁre is given in Figure 5. "This.cbmpound.
was isolated from the Ngaio oils The LDy, of the o0il was

510mg/kg in mice. The toxin caused zonal liver necrosis, -
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CH

3 _ CHy

CH,=C=CH,_CF_ cH,
0

32

Figure 5, Structure of Ngaione
usually midzonal, and death in mice. The compound's LD50
was demonstrated to be 300mg/kg, a hepatotoxin of moderate
toxicity.

Seawright and O'Donahoo,33 in 1971, did a more complete
study of the histology of ngaione. They administered
intragastrically a LD50 dose of ngaione then sacrificed
four mice at each time period, 1, 3, 6, 12, 24, and 48 hours
after poisoninge Under the light microscope midzonal damage
was not seen until three hours, with the electron microscope
midzonal changes were present in one hour. The damage
visible by light microscope started as fine cytoplasmic
vacoules and progressed through to complete necrosis by twelve
hours. After this some regenerative changes were apparent as
indicated by phagocytic activity of macrophages and the livers
were apparently normal after nine days.

In 1972, Seawright and Hrdlicka34 reported that
pretreating with phenobarbital, an inducer of mixed function

oxidase enzyme synthesis, or SKF=525A, a binding inhibitor of




1?7
- cytochrome P=450, effectively changed the LD50 of ngaione.and
changed the zonal necrosis in mice,. Aftar pretreating with
phenobarbital the LDSO was.incregsed to B?Omg/kg.and ?ﬁé
necrosis was moved from midzonal to peripheral, Pfetreating
.With_SKFf525A iﬂcreased the LD50 tQIBSOmg/kg and changed the
necrosié to the centrélobulaf regione Sééwright concluded
from thesé results there'was a concentration gradienﬁ of the
mixed function oxidase enzymes in the lobule and a critical
concenfration was necessary for the toxic effects.s In view
of this, SKF-525A moved the critical concentration:closer ﬁoj
the central area, by binding to.the peripheral'aﬁd.ﬁidzonal
cytochrome P-450, resulting in thé necrosis beihg feflectéd in
the'centralobulartaz_'éa° Phéndbarbitél, by inducing enzyme
' synthesis, moved this critica1 concentration to thé peripheral
regioh and resulted in nechsis in this regione. For hépéto-
toxic damage to occur a critical concentrétionlratiq of'tdxin
to mixed func£ion okidaée enzymes (cytochrome P-450) was
necessaryo

After reports. that éﬁerdosés of abéﬁaminophen‘caused.z
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'hepatié necrosis in man, Mifchell,:et alo; éxamined the. .
histoiogy and-ihé‘results of various pretréatments on this
necroéiso' The structure of acetaminéphen.(q-hydroxyacef-:"'
‘anilide) is given in.Eigure 6o ‘ ‘

Acetaminophen caused centralobular necrosis in mice and
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Figure 6. Structure of acetaminophen

rats similar to that in man and was shown to be doge

dependent, By pretreating with phenobarbital the incidence

and severity of necrosis was potentiated, Piperonyl butoxide,

a binding inhibitor of cytochrome P=450, and cobaltous chloride,

an inhibitor of mixed function oxidase enzyme synthesis, when

used in pretreating the animals prevented necrosise. The

effect of pretreatment on the rate of acetaminophen

disappearance from liver and plasma showed no alteration with

phenobarbital and cobaltous chloride but was slowed with

piperonyl butoxide, Mitchel concluded a metabolite covalently

bound in the liver macromolecules caused the liver necrosis

and that pretreating resulting in alteration of the necrosis

also altered binding of the metabolite.35’36
Mitchell, et al.,37 examined the possibliity of

glutathione protection of acetaminophen necrosis by pretreating

with cysteine, an inducer of glutathione synthesis, or diethyl-

maleate, a binding inhibitor of glutathione. Pretreatment

with cysteine reduced necrotic damage and diethylmaleate

pretreatment potentiated the necrosis indicating a
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protective role by glutathione, Mitehell conclnded rhet the
metebolite did net cause necros;s until glutathione avail-
ability was depletedAby conjugation of the metabolite,

Brodie38 suggested in 1967'€ha£ chemically inert
chenicals may cause necrosis by a covalent linkage betweenA
a metabolite and various macromolecules. Brodie, et al.,
supported his suggestion, in 1970, by showing that 1L*C--bromo.m
benzene was covaiently bound at sites of necrosis.39 Tney.
concluded that the liver can converf stable organic componnds
to tox1c agents whlch cause necrosis by covalent bondlng, They
"showed the 1mportance of microsomal enzymes in this conversion
by'pretreatlng w1th phenobarbital, potentlatlng necr081s, and |
SKF=5254, &ecreasing necrosis caused by bromobenzene. Later
in 1971, Mitchell, et ale.,~° published a repor£ supporting
Brodie's conclusions. - |

In 1975, Zampaglione,tet ala,ho continued to show the
role of. detox1fy1ng enzymes in bromobenzene necroslsn
Pretreating w1th phenobarbital increased bromobenzene metabolism
and: potentlated necrosis, conversely, SKF—SZSA pretreatment
slowed metabolism and prevented necros:Ls° Thellnterestlng-
point of-thls publlcation was the effect of B;methylcholanthrene
pretreatment ‘an 1nducer of mlxed functlon oxidase enzyme

synthe51so Although 3—methylcholanthrene increased the

metabolism of bromobenzene, it provided protection against
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the necrosis., According to Zampaglione, et al., this
protéction resulted from én alteratioﬁ in the pathways of:
bromobenzene metabolism.

During the previous discussion it is apparent that the
mixed function oxidase enzyme system, specifically cytochrbme
P=450, is intimately involved in the toxicity of chemical &,
The following is a review of cytocﬁrome P=450 as to mechanism,

multiplicity,:effectors, and the spectroscopic prbperties;

When foreign compounds, particularly lipophilic compounqS,
. are introduced to the.body and go into thé liver they may be
oxidized by the mixed function oxiaase system. Cytochrome
P-450 is considered to be a'terminal hydroxylase in this
system, Cytochrome P<450 can catalyze a number of mixed
function oxidase reactions, three of Whicﬁ are illustrated in
Figure 7,

The divérsity of chemicals modified by cytochrome P=450
catalyzed oxidatiéns is staggering and include conversions
such és: (l)'multiple positions of hydroxylation on steroid
. molecules; (2) 6xidati§e conversion of heme to bile pigménts;
and (3) omega oxidafion of fatty ééiés;Ml In table 7 are
fepresentative sgbstratés for cytochrome P~-450 catalyzed
reactions and ‘their reéction pathways.

The function of cytochrome Pm4450 is to activate moieculaf

oxygen for introduction into a compound resﬁlting in a more




21

Codeine Morphine
fol CH,0
0 ,fCH5+ 0, 0 S NADP
. NADPH+H" ? H,0
°N CH, g CH
ch, o i 5
3 H
Monomethyl-4-aminoantipyrine L=Aminoantipyrine
NH=GO=EEy NH-CO-CH,
" ” Napr*
‘ IW + \ f ».
NADPH+H" ’ :
H :‘O
OH
Acetanilide p-Hydroxyacetanilide

Figure 7. Threce types of mixed function oxidation roactions,ql
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. . PR
Substrates and Pathways for Cytochrome P—L+50'l1L ..
Pathway  Substrate
"Aromatic Hydroxylation 3,4-benzpyrene
: ' Zoxazolamine
Acetanilide

Estradiol

Aliphatic Hydroxylation Hexobarbital

. : Testosterone

Fatty Acids -

. NeDealkylation Aminopyrine
’ Meperidine
Imipramine
O=Dealkylation Codeine
: Acetophenltldin
S~Dealkylation Chlorpromazine

polar product. Intensmive efforts have been made to eiocioate
tre mechanism by which oxidative transformations catalyzed by
cytochrome P=450 occur, Estabrook has proposed the follow1ng
six steps as occurring in the reduction and ox1datlon of
cytochrome P-»qEOe43 |

1. .The-reversibie interaction of a substrate molecule

with a low spin form of ferric cytochrome P~450
accompanied by the formation of a high spin form of

' the=ferric-substrate complex of cytochrome P-450'

2. The one electron reduction of the high spin form
of the ferric-substrate complex of cytochrome P=-450
to a ferrous-substrate complex.

- 3y The reversible interactlon of oxygen with the =
" ferrous-substrate complex of cytochrome P-450 to .

form an oxygenated or oxy~ferrous-substrate complex;'

4o A second one electron reduction step required to
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K - generate an intermediate which is as yet undefined;

5« A proposed rearrangement eccompanylng 1nternel
oxidation and reduction reactions resulting in the
introduction of one atom of molecular’ oxygen into
the organic substrate in the form of a hydroxyl
group concomitant with the release of the other
atom of oxygen as water;

6., The dissociation of the hydroxylated product from
ferric cytochrome P-450 with.the regenergtion of a
low spin form of ferric cytochrome P-=450,

It has. been demonstrated by several researchers that an
iron-sulfur proteln plays a role in the two electron transfer
steps required for bacteria and adrenal cortex cytochrome P-450
function, This has not been well documeénted with microsomal
bound cytochrome P-450, A proposed pathway for electron
transfer and resulting substrate oxidation is shown in
Figure 8.

Farly evidence suggested there was more than one form of
cytochrome P-450, This indication was obtained by visible
spectroseopy and electron paramaghetic resonance spectroscopy
by observing changes involved in the binding of different
ligands to cytochrome P-450, This indicated two forms that
were spectrally and enzymatically distinct, cytochrome P-450
and PLL8 (P—4501). Further evidence was obtained by combined
- potentiometric and electron baramagnetic resonance titrations

of cytochrome P¥45O from phenobarbital-treated rats indic¢ating

three forms of-cytochfome P-450, One was a high spin -
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hemoprotein, referring to the iron, and the other two were
lowAépin hémoproteinso' Comai- and Gaylorhg idehtified three
forms of cytochrome P-450 qualitatively and quantltatlvely by
visible spectral changes that occurred when comblnlng with
various 1lgands° The forms were separated on a Whatman DE~52
ion exchange coiumn oron a Sigmadiethjlamindéthylcéllulose
column. The faorms héd differeﬁﬁ Einding affinities fof the
different ligands. The ligands used wére cyanide, carbon
monoxide and octylamine. |

Various pretreatménﬁs altered the relative amounts of the

,three_forms. S~methylcholanthrene pretreatment increased
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Form III, Form 1T was increased by phenobarbital pretreatment
and pretraatment.with ethyl alcohol preferentially inauced
Forﬁ I,

Walton and Aust46 later resolved three forms of cytochrome
P-45O from rat liver microsomes by SDS-polyacrylamlde gel
slectrophoreSis. They obtained three bands repieseﬁting
hemoproteins having molecular wéights of 53,000, 50,000, and
44,000, -Pretreatment with 3;me£hylchslanthrene increased-the
level of the 53,000 molecular weight species (Form III),
phsnobarbital-prétreétment'induced the level of the L 4,000
molecular weight species (Form II), and the 50,000 molecular
weight species (Form I) was the major hemoprotein in the
contrslso |
| As suggested ébofe a variefy Qf chemicals affect the
characteristics of the mixed function oxidase enzyme system;
Some df_these compounds are: (1) phendbarbita147’48’49’5o
alters mixed function oxidase activity; (2) S-ﬁethylchol—

47548-49’50951

anthrene alters mlxed function oxidase activity;
(3) substrates 22, 53 such as,amlnopyrlne, ethylmorphine, and'
other polycycllc hydrocarbons, alter the metabolic rate of
the mixed function oxidase system; (4) SKF-525A and its:
Cbngeperqu inhibit mixed- function $xidase activity by
binqing to cytocﬁromé P-450; (5) methylenedioxybenz.enes55

inhibit the activity of the mixed function'oxidase,system'by
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binding to cytochpome"P-450; (6) COtaltous chloride56'
administratiqh iﬁhibits the'synthesis of mixed function oxid-
ases; and (7)‘l;ary1imidaxole857 have recently been ehown to
be inhibitors of mixed function oxidase activitya

From the discussion of cytochrome P=-450 multiplicitﬁ and
the discussion of effectors of mixed function activity, it
is apparent that phenobarbital and B—methylcholenthrene not

only induce different spectral47951 48,149,50

and catalytic
" forms of cytochrome P=-450 but also induce'different cytochrome
P-450 hemoproteins, |

Chemicals are not thé only modifiers of mixed function
oxidase'activitye It has been .shown that improper storage58
can reduce the "in vitro“ actlvity of thls enzyme system.
Litterest, et a1°,5 isolated microsomal pellets and froze

them for various periods of time, 24}hours up to 20 days.

There was no significant lose of activity up to 10 days.

Preparation of the pellet for freezing can alter the stabilityl

 and activity of this'system,59 Burke and Bridges59 reported
that the best storage method was a mlcrosomal pellet overlaid
with buffera ~If the microsomes were resuspended and then
frozen some stablllty was loste

Varying the "in vitro" assay. conditions for cytochrome

P=450 can affect the stability and. quantitation measurements.60

The best measurement of cytochrome'P-ABO activity was-
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achieved when the protein content was held at approximately
2.0 to 26 Smg/ml in O.1M phosphate or trls buffer at a pH
range of 6.6 to 7 O and without KCl belng present,
In 1964, Omura and Sato61 established a procedure for
measuring the cytochrome P-450 coﬁtent of liver microsomes -

specfroscopicallyﬂ This method is commorly used todaye.

In this procedure, microsomes are isolated and suspended in

a 0.1M phosphate buffer at a protein concentration of 2mg/ml. .

The microsomal preparation is placed in a reference and a

sample cuvette, The microsomes in the sample cuvette are

reduced by adding sodium dithionite and CO is bubbled through -

the sample for apbrokimately 20 seconds., The difference
spectra ére rut on the microsomallﬁrefarétion resulting in

a reproducible peak at 450nm, The cytochrome P=450 concen-
tration is obtained by taking.the difference in‘absorbance_
between 490nm and 450nm and usihg the molaf extinction
coefficient of 9lcem 1mM -1 62

' The spectral properties of reduced microsomes may be
influenced by pretreating the animals with various compounds,

51,63,64 or 3-methylcholanthrene, >’ 635

such as, phenobarbital
" This pretreatment cah change the location of the peak, ie.
450nm to 448nm, and usually results in an increase in the

concentration of cytochrome P=450.

Diffefent,speetral properties of cytochrome P=-450 are
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refiected in the binding chéracteristics of non-~reduced
microsomes with a.variety of compounds. In 1966, Remmer,

65

\
et alo, reported that when various substrates were added to

liver microsomes two types of speqtra; changes resulted, One

spectral change, termed Type I, was characterized by a trough

at 420nm and a peak at 385nm. The other spectral change,
termed Type II, has a peak at 430nm and a trough at 390nm.

66,67,68

In Table 8 is a list of compounds that cause such

. spectral changes,

Table 80726667

Compounds Causing Type I or II Spectral ‘Changes

- Type I Type II
Hexobarbital Aniline
Phenobarbital DPEA
sKF~525A Nicotine
Piperonyl butoxide Nicotinamide
Aminopyrine Pyridine
Amobarbital p~aminophenol.
ppr? Cortisol
Chlorpromazine Coricoéterone*
N,N~dimethylaniline Acetanilidé*
Téétoéterone Ethyllsocyanlde

#*
These compounds give a modifled Type 11
spectral change, characterized by a shlftlng

of the ,430nm peak.
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Narasimhu1u68_stﬁdied specfra changes in relation to the’
stefoid C-21 hydroxyiation systemo. ﬂe:fdund that the Type I
spectral change was répid and éfoceeded hydroxylationo He ‘
poncluded fhat a Type I §pectral change reflected the amount
of cytpchrome P-4,50 activated for redox reéctionso

69.

Soliman, et al.,; “investigated the inter-relation ofithe
Type I'and Type II bin&ing sites. By oObserving various
,dispiaqemenfs:caused by one Type on the othér, he cdncluded
‘the sites were inter-related; Drug blndlng affected both
sites and the extent of mutual dlsplacement was ‘not
dependent on spectrum produced but‘on-the dissociation
conétants,of the drugs, |

Another waj the. liver handles for?ign COmpounds;
principélly'théflipid soluble compounds, is t6 conjugate
fthem‘with glutéthione or UDfaglucuronic acide This gives a
more water soluble product and can take placé_befére or
after metabolism through. the mixed function oxidase system;
The conjugate& product is usually considered to be non- or
less toxic than the nonconjugated fofm;7o’7l’72. The cbnjugatioh
:shemes for the two ¢onjugafors are presented in Figufes'9
and 10, | |

Pretreatlng with cystelne or dlethylmaleate changes the

effectlve concentratlon of glutathlone available for

conjugation, Cysteine is an enhancer of the synthe51s of
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ReX + HSCHe?HLONHLHELOEH
NHCOCHECHB%HCOZH

NH2

Glutathione S-~transferase

v

ROSbHZTHCONHCHZCOaH
NHCOCHasz?HCOEH
NH2

¥-Glutamyltransferase

Re SCH CHCONHCH2CO H

2l 2
NH2
Cysteinylglycinase
Re SCH_CHCO  H Acetylase S
NHZ

Re SCH

ol

CHCOBH

NHCOCH

Figure 9, Conjugation scheme for glutathione.7o

3
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Uridine diphosphate
*=D-glucuronic acid
(or glucosiduronic

acid)
UDP OH
OCH
OH 2 0
HO H {
phenol or alcohol OH O-glucuronide
Carboxylic acid
OH '
[izjl:f:L S-glucuronide
0
Fnol
COCH i
@) e <Oy —L
N-glucuronid
hydroxamic acid or e ol
hydroxylamine

Figure 10« Conjugation scheme for UDF-~glucosiduronic acid.76
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glutathione, It is the middle amino acid of glutathione,

Figure 1l Diethylmaleate is a binding inhibitor of

glutathione.w+

NH2 ﬁ ?HZ-SH

COOH-CH-(CHe)2-C-NH-CH-ﬁ-NH—CH2-COOH

Figure 11, Structure of glutathione

Salicylamide is a binding inhibitor of UDP=-glucuronic
aciq?5 and would reduce the amount of conjugation with
another compound,

Taking into consideration the previous information on
how the liver handles foreign compounds, what effects can be
seen from hepatotoxins, and how these effects can be altered

by various pretreatments study was conducted on the

hepatotoxin, tetradymol.




RESULTS AND DISCUSSION

Before "in vivo" or "in vitro" research with tetradymol
could begin an accurate method of quantitation the toxin had
to be devisedes The usual approach to this problem is to
radiolabel the compound with either tritium or lL’C—carbon.
After labeling tetradymol with tritium the resulting
5H—tetradymol proved to be too intractable to isolate.

Fhrlicks reagent was tested due to the reaction of this

reagent with furan rings?7(Figure 12).78 The reaction of

H

0
AN §~CH.
g/°

W W

CH

CH o

ON g 5
—~CH
C == N &
v C>_ K
CH
3
S CH,
VH5 3
OH
+ H
-0
CH CH3
CH, 2
5

Figure 12, Reaction of tetradymol with Ehrlicks reagent78
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tetradymol with‘this reagent was_?ery sensitivé to‘smgll
concentrations of the toxin. With. this reaction 2mg/ml of
tetradymol could be measured in solution with an accuracy of -.
i0°5uée This sensitivity would be beneficial when'mgasuring
levels of toxin found in animal organs after poisoning;
After the accumulatéd data were run through the least squafes_
pfogram in the computer to obtain a standard curve, an

equation‘of a line was obtained::

y = 66X"'L{-o7

¥y = concentration, x = Oe Do

Ehrlicks reagent aﬁd_this equation.weretsed in all experiments
where~measuréments of tetradymol concentration were ne¢esééry,
Having.an accurate and sensitive ﬁethod‘of quantitating
tetradymol allbwed feseérch to proceed to substantiate the
assumption that tetrad&mol was an hepatotoxin and to
illucidate the fate of tetradymol in the system. After a
compound 1is introducea'to the'animalisystem via the stomach,

it is absorbed into the blood stream from'the small intestine,

The blood delivers the compound to the liver where it may act -

upon and be acted upon by various metabolizing syétemso A
. 1lipid soluble compound such as tetfadymol may be transformed
or conjugéted into a more water soluble form and will then

be eliminated in the urine. Water soluble compounds do not
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require transformation to be eliminated in the urine.

Early. experiments indicated that tetradymol was relatively

unstable with respect to light, heat, and acidic conditions.

Since the stomach is rather acidic (pH 1.0-2,0) it was important

“to test the stabilify under those conditions. Results éiveh
in Ta51é19, proved.tetradymol'to be unstable'in concentrated
HCl but stable in 1M HCl, pH 1, and 0,OLM phésphate buffer,

pH 7.4s The pH of 1ﬂ HCl is closé to the pH‘of the stomacﬁ;
Tﬁus_experiments indicated that tetradymol wouid pfobably be

stable in the étomache

Table 9

Acid Lability of Tetradymol

Conditions - pH ' % recovered
Conc. HCl ~1.08 ' , 0
1M HCL . 1,00 96

0+01M Phosphate
buffer : 7.40 . 93
The next step was to test tetrédymol diréctly in the
stomache The results of this experiment are shown in'TabLe'
10, Tetradymol was quantitatively recoverable over this time

period, allowing for increasing absorption from the stomach

and solubiliéing into the stomach wall due to the lipophilicity

of the compoundo_ From these results it was concluded that

‘tetradymol was eliminated from the stomach unchanged.
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Table 10

Tetradymol Stability in Stomach -

Time mg recovered %,recovered
(min) . ‘
0 o 0698+0,014 98
15 0.9540.046 95
30 _ 0693+0.070 93
45 . 0.78+0,006 ' 78

Absorption from the‘small intéstine would npt be a problem
since .tetradymol was stable at pH 7.4 which is close to the
pH in the small intestine (pH~7:0),

Tetradymol is alipid-likecompoﬁnd and consequently
should be lipid soluble. When studying lipid soluble compounds
it is to be expected that the compound will be located
throughout thekbody after administration and it Will be
fairly evenly distribﬁted through the'body?9 The distri-
bution of tetradymol was studied by poisoning mice with a
lethal dose (350mg/kg) of‘tetfadymol, sacrificing.three mice
every two hours, extracting various'ofgéns; and eraluating the
toxin concentrationol The organs examined were brain, heart, -
lung, stoméch, kidney, pancreas, liver, and upper and lower
iﬁtéstineol This gave the concentration of tetradymol per
organ over an eight hour time period. These results are

shown in Table 1l,.
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Table 11

Tetradymol Recovery. from Organs

Tetradymol recovéred from
other

Time  stomach™® UsInte™® LoInt.™® Liver® organs™® Totsl®®
(hr) .~ (%) (%) (%) &7 R ) AN O
2 57.6 21,0 649 Lok 2462 27.1
4 63.0 .« 8.6 5.9 1.3 he2h 1849
6 h9.1 7.7 11.7 3.9 7 5.52  1ha7
8 41,1 2665 1349 3.8 2,94 11.7

% of total recovered

corrected by subtracting furan level of control organs from

level of poisoned organs :

% recovered from total given

As can be seen from Table 11, tetradymol recovery went

down over the eight hour period which would be expected due to
increasing absorption into the tissue and biotransformation
into metabolite(s). Since the toxin was given directly into
the stomach, the highést level of -tetradymol recovered was in
this organ and decreases over the time period due to
elimination from ahd absorption by the stomach. The remainder
of the recovered toxin was located in aillthe organs examined

and these organs had approximately the same amoﬁnf of toxin

present, 'Attempts were made to release the toxin from the

tissues by treating the organs with various tissue solubilizersj

.this did not result in recovery of any more. tetradymol. When
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tetradymol was treated under the same conditions as thé. tissues.

had been, it could no longer be‘detectéd by the Ehrlicks
reagent indicating the loss of the furan ring.

| These results did not indicate that tetradymol directly
affected any.partiéular organ. . However, it was noticed, on
remqval.of the various organs from the énimal, that the liver
appeared discolored with yellow areas and was friable,

Aftef being absorbed into the lipid layers lipid soluble
compounds will slowly diffuse duf, be metabolized, and continue
to appear in the feces and urine of animals given such
compounds.79 A sublethal dose'(lOOmé/kg) of tetradymol was
given to the mige énd the urine and feces-were coilectéd for
seven twenty-fqur hour periods (Table 12,)

On the seventh day the toiin was not.detectéd in thé-ufine
and feces énd,£he experimented was tefminated at this point,
The amount recovered per day varigd due to the food
consumption, physical activity and elimingtidns of the mouse;~
Day one was,the highest since the mouse would be celiminating
wﬂatever"toxin'had nﬁt_been aﬂéorbed. " This indicated that
tetradymol could survive in the éniﬁal system for an exténdéd
périod and that tetradymol waslﬁéing solubilizéd by'fhe
tissues and was then slowiy releaseds |
| Alihough it Was'nbt knoﬁn that tefrad&mol survived the

animal system and was distributed throughout the system, the
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Table 12

Elimination of Tetradymol

Day “mg recovered. . %.recoveredd

1 «091£0.070 3403

2 2028400006 T 0493

3 +028£0,012 . 0.93

l .006£0.005 ~ 0.20

5 .0130,007 Oels3

6 201620005 0.53

x o | 0
Potal .18240,015 6.10

* o .
corrected by subtracting control urine and
feces furan level from value after poisoning
% recovered-was based on total amount. given

quéstion remained as to which organ(s), if any, did tetradymol
affect.‘ The answer to this question was found in doing

histology on the various organs that had been looked at

'previously in distribution. Mice were poisoned-with a lethal

dose (350mg/kg) of tetradymol and every two hours three were

éacrificed,'the organs removed, histology slides prepared and

stained with hematox&linmeosin. In viewing the resuiting
slidés under a light microscope, it was founﬁ that ohly.the‘
livef reflected any damage and the other organS‘appeared'
.esséntially normal. The initial suggestion of hepatic damage

was apparent after only twd hours and was reflected in the
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swelling of the cells in the centralobular areas Swelling
was uniform and éccompanied.by some slight, fine cytoplasmic
vacoular degeneration., Figures 13, .14, 15, and 16 are liver
élides taken over a four to ten hour‘time périod° In these
figures:it can 5e seen that hepatic daﬁage became more seﬁére
as time pfogreséed° Figure 13 shows a unifdrm, mild cyto=
plasmic vacoular degenefation ﬁhich spreads through tﬁe central
fggidn and into the midzonal area, Six'hoﬁrs after poisbniﬁg,
Figure 14; the cytoplasmic Vécéular degeneration is more |
severe, the nuclei are becoming irregular, and some.nuclei are
.missingq, After éighf hours, Figure 159.§he centralobular
degeneration is severe and necrosis.is apparent. The nuclei
" are small in the damaged area indicatiﬁg pyknosis.and dilated
blood filled sinusoids are pfesent° Glycogen depletion is
apparent as-seen by the large holes in the'tissue where.the
glycogen has left° Further sufport for glyéogen'depietibn was
:oﬁtained bj doing a periodic acid~shiff stain on liver slices
ovér the same time period. Tﬁis'stain is specific.for:glycogene
At the various time periods the stain became.lighter indicating
a loss bftglyﬁogen,.'After ten hours, Figure 16, the necrosis
_-is'very severe, Kayloysis, pyknosié,_énd karjorrhexis afe
apparenﬁ° There is a loss of cells and‘pdols of red blood
celis are prqsento'.Glycogen depletiqn is more»appéreﬁt at this

'timé; The miceAuSed'for the eight and ten hour slides were on

























































































































































































































