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ABSTRACT 

The F'ysiological Actions of prosta91andin E2 on the 
Liver and Blood-Brain Barrier of Galactosamine-Induced 

Fulm~nan t Hepa tic Failure Ra ts 

Basic studies were carried out on the galactosamine­

induced fulminant hepatic failure (GalN-FHF) rat model. 

Physiolog±cal, biochemical, and histological changes were .. 
followed during progressive development .of hepatic coma. 

Galactosamine (GaIN) produced characteristic Alterations in 

the orientation of the hepatocyte's endoplasmic reticulum 

(ER) such that it completely encircled the nucleus to 

envelop i t. These cellular even ts led to the on se t: of 
" hepatocyte karyolysis which resulted in eventual cellular 

necrosis. The development of brain edema was also studied 

in the GalN-FHF ra t model. 1 t was observed tha t brain 

edéma followed a biphalfic pattern in which cytotoxic brain 

edema preceeded Q oa 'b.vas0genic component. Since . , 

prostaglandins have béen shown to possess cytoprotective 

proper ties, the effec t of PGE2 was inves tiga ted once 

hepatocyte injury had already occurred. PGE2 prevented 

GalN-induced hepatocyte necrosis by delaying the cellular 

even ta leading to hepa toçyte karyol ysia and subsequen t 

cellular necrosis. PGE2 also appea:ed to prevent the 
[~ 

edema transition of cytoxic brain edema to vasogenic brain v • 

by preventing perivascular aatroglial' swelling, thus , 
preven ting the to tal breakdollin of the blood-brain barrier. 
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Action Physiologi~ue de ta Prostaglandine 82 Sur le poie et 
la Barri're Sang-Cerveau de Rats Atteints de D6ticience 

B6patique Aigu~ provoqu6e par la Galactosamine. 

Nou. avons effectué de. études de base sur des rats 
atteints de d~ficience hépatique aiguij induite par la 
g~lacto.amine (GalN-FRF). Nous avons suivi les.chàngements 
intervenant au cours du développement progressif' du coma 
hépatique, et ce, aux niveaux physiol~g;que, biochimique, 

,et histologique (microscopie optique ;et' 6lectronique, 
[LM/~j). Des observations ultr&structurales en 

(. 
microscopie électronique r'valent que, das le stade 1 du 
coma Q'patique, la GaIN provoque des modifications 

" carac.t'rlatiquea de l'orientation' du r~ticulum 

endoplasmique (ER) et de. mitochondrie. ~e l'hépatocyte, de 
telle ,faion qu' ils devienne~t 'traitement associ'. A ila 
membrane nucl'aira. Durant le stade II du coma h&patique, 
le ER va jusqu'A encercler compl.tement le noyau. et 
l'envelopper. Pinalement, pendant' les stades III et IV du . 
coma hépatique, ces modifications cellulaires aboutisaent A 
la karyolyse 4e l'h'patocyte résultant en upe éventuelle 
nécrose cellulaire. Le développement d'un oedlme cervical 
étant une complication majeure de la PHP, nous' l'avons 
étudié sur nos rats 'GalN-PHF "par une histologie du lb, tissu 
(LM/EH) ainsi que de. mesures directes du contenu en eau du 
cerveau et de son gonflement. Nous avons ain8i ob~rvé que 

JO 
le , d6veloppement de l 'oedam~'Ioi cervi~al suit un schéma 
blphasique dans lequel un oedame cervical cytOtoxique ~ ... ~ , 

préc.de ~ne composante vasogéniq~e. De plus,' le stade II 
du coma hépatique apparait comme 'Une 'tape cruciale dans' le 

~ developpement de 1 • oedùe cervical. Pendant les stades 
, terminaux de la GalN-PHP, i.e. les stade. III et IV du coma 

"t. - xiv.':' 
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h6patique, une d,struction compl.te de la barriire 

Bang-cerveau entraine le d6veloppement d'un oedime cervical 

vasog'nique. Ceci a 't' mis ,en 'videne~ gr'ce A des 
coloration~ au bleu de try~n. D'autre part, comme il a 

k , 

d'jA 'tA "~6montr' que le8 pr08taglandinee poteident des 
propri'tje cytoprotectrice~, nous avone 'tudi' l'action de 
la PGE2 une fois 'tabli le proce8eua de d't6rioration des 
h'~tocyte8. Aprla avoir in je ct' la PGB2 dans la cavit' 
in~p6riion'ale d'animaux atteints de GalN-FBP. et rendus 

.-~ 

au..& 8tade 
effet eur 
h6patocytes 

II du coma h6patique, nous avons d'tennin' 80n 
le' d6veloppement" de la d't6rioration . dea - . , 

indui te par la Ga lN • La PGE2 empêChe la 
progre •• ion de la d't'rioration des h'patocytee' pendant ah 
par comP,l'rrai80n avec· des animaux ne recevant qu'une 
solution 8aline. La PGB2 pr6vient a~ssi le d6velopp.ment 
de l'oedlme cervical pendant 4h, et, ah apra. llinj.ction~ 

le gonflement du cerveau da A l'oedame e8t redevenu nor~l. 

Ceq! ·a pu Itre oonfirm6 1 l~ foie par l'hie~logie du tiee~' 
et par d~~ me.ure. directee du ·contenu en eau du • cerveau et . , 

de BOn gonflement. De cee '~udes, ~l apparait que ~~ PGE2 

pr'vient la n'cros8 de8 h'patocytes induite pà~ la GalN ·en 
" , 

r&tardant le. modificatione cellulaire. amenant la-
~ -

karyolyee de l'h6patocyte et la n'croee cellulaire qui en 
d'coule. La PGE2 eemblè aueei pr6venir la trane~tion de 
1 ' oed4\me cervical cytotl):dque A lloedame. cer)v:t'c'al 

vaeog'nique en empêchant le' gonflement de8 aet%qpytea 
periva8culaires et donc, ~a deatructton complate de- la 
barri~re sang-cerveau. 
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we dance round in a ring and suppose f 
But the Secret si ts in the middle and knowa. 

Robert Frost, "The Secret Sita" 
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1.1 PROSTAGLANDINS (PGs) 

CHAP~ER l 
INTRODUCTION 

Jus t sI 19h t1 Y more than ha1 f a cen tury has elapsed 

aince Kurzrok and Lieb (1930) firet repo,rted that human 

seminal plasma had .ei ther a con trac tUe or relaxing 'effec t 

on the human u terue, dependin~ on fer tU i ty of the \loman 
~ 

from whom the tissue "",as ob tainad • However t it "",as no t 

until the mid' 1930s that von Euler (1935) and Goldblatt 

(1933, 1935) independent1y demonstrated ~he presence of a 
1 

vasodepressor' agen t and' stimula ting fac tor of muscles .in 

human seminal pl'asma and sheep vesicular 91ilnd. At this 

time von, Euler chemically e1u,.cidated this "seinin'al force" 

ae being a lipid soluble ma tedal wi th acidic: properties. 

Sutisequen tly he coin'éd' the term ,prostaglandin -for this 
r 

b101ogically ac tive substance, as i ts source \las initial.ly 
.~ 

thought to be from the rosta,te giand. l t i,8 now 10Iell 

kn"own that prostaglandi~xiàt ubiquitously throughout the 

b'od Y a'nd are syn thes izad .in prac ticall y al! mâmmalian 

t:.issues and body ·fluids (e.g. kidney, lung, thymus, liver, 

spleen, adipose ti,ssùe,' uterua, placenta, blood vessel, 
) 

cen tral nervous' sys tem 1 adrenàl glands" gu t, menstrua1 

fluid, amniotic fluid, synoVial Uuid, etc.) (Christ -and " 

van Dorp, 19~3: Horrobin, 1978). one- well documented -- , 
exception is the ~ammal ian red blood caU ~ Up, un tH now à 

... 
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synthesia capabi-li ty has not De en, detectea in' human or 

subhuman, matu~e or Dnmature erythrocytes (Shaw et al., 

19711 JOhnsOD, 1974). 

The oçcurrence of pr.ostaglandin," i. not restricted ta 

mammalian tissue -on1y. The presence of large amounts of 

Il pros.taglapdin Il ia a misnomer. Despi te the -ubiqui toua 

distribution of this substance, and for 1a-ck of a better 

termin91ogy, 
, 

the name proataglandin ha~ 
, 

offioially taken 

hold. Sinee their discovery in the mid 1930. -'(von Buler. .. . ... 
1935, Go1dblatt; ~935), proatag1andln have been BUbject to 

much r~search liter~t~re reviews (Ho~ton, i969-, Pik.; 
i 

1971, 

curtis-prior., 19761, Johan. son and Be~g.trom, - '1982: Vane, 

1982) • 

prostaglandlns are DOW recognized as a group of -. 
naturally 'occurring :cycliça1 unsoturated fatty acia. which .. ' 

po~.ea. a 'wide ra~ge df potent an2 diverse biologicaI 

.act.! vi tie •• 
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Naturally occurring p~ostaglandins may be regarded as 

derivative~ of a hypotnetical (parent) prostanoie acid,-an 
, ~ 1 

organic acid contalning 20 carbon atoms' including a 

cyclopentane ring 
o " 

and two ,side ehains, one of which 
. , 

containe.a terminal carboxyl ( -C-OH) group ( Fi~ur. 1.1) • 

All prostaglandi71s have in eommon a trans double bond at 

C-l3 and a hydro]!:'yl group at C-lS.' 
, 

The'early classification of these compound. was based - " 

simply on their extraction, proced~e' fro~ ti.sue 

homogenates • 

nomanela ture 
\ 

, 

Thus, the lettera 

refe~ to their 

E 'and ., in proat.aglandin 
, ' ',.<1 

extraction l?y _ thé, orga~ic 

(ethereal) phase (i.e. prostaglandi~ E) or' in the aque~u~ 

. . "C . ' 
ph~.phate (S~edi8h foefat) buffer phase (Le. prô,t.aglandin 

/ ' 

1.). 'Acidic and basic treatm~nt of the.e pro~taglandins 

yield ,de~ivat,ives" designated A and B 'respe,ctively' (Bamberg,,: 

'_ 1973). with ,the 
, , 

adv!Snt of modern ,analytiààl techniqù •• , 
, '\" 

ptos taglandlna are â.lso claaaified' in numeroua", 'often, 
, . 

lengthyand overlapplng, ,aystems of' nomenclature- 1 (Nèlson~ 
" 

For - 'ex .... ·ple, 'PGA _.. . 2. ia. also called SZ, IJS# 15(8)-
. , 

hydroxy-9-oxoprosta-5, 10,'.' l3-triene-l-olc acid.· However,.' 

the commonly accepted abbrevlatlon' PGA2 (in tp~s case) is 

often uaed •. 
.' 

\ . The - most cOl'l1ll'iOhly used' . 8y,stem of, pr08taglandin 
-n0!B8nclaturii 18_ based on the type' and positi:ibn of mOlècular 

.- 4 
, , 

l' .', 
; 

·1 
/ •. , 
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.. 
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Pigure '1.1 J structural, formuia of tfie pareftlt. 
('liYpothefIcal) prostanoiè acid'I 'from which/ 'al1 natural~y" ~ 
occurring prostaglandins may-?e de~ived • 
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groups, and the degree of urtsaturation (1. e. carbon, carbon 
, , 

double bonds, C-C) of the aide chaine on the cyclopentane 

ring of the basic (parent) pro.tanoic acid mOlecule (Figure 

1.1 ) ( crabb6 , 1977) • Thus , aIl' natural 

prostag~andins are 'divid,d into three groups or M.eries:" 

serie. l'prost~gla~din. (e.g. POEl' PGFla' PGA1' or, PGB1) 
r ... ' 

which are derived from dihomogamm~linolenic aci~ (DGLA, 8, 

11, 14 eiCo8atrienon~c acid) contains one doubre bond in 

the side chains. Similarly, series 2 prostaglandine (e.g. , 

POI2' P~P2a 1 PGA2 or PGB2) which are derived from 

arachidonic acid (M, 5,. 8, 11, 14-eicosatitraenoic adid) 

contaln two double . bonds in the side, chains. t!eriee ,3 , 
• r 

pro.tagland~ns ( •• 9. .~GE3 a~d "J!'3) 'which are derived ,fx:om 

- S, '8, 11, 14; 17' eicosapentanoié- ad.d contain th~e' double 
" -

, 

bOnd. in the aide chains. The~è latter prostagland~n8 are 

les.' weIl 'documented than theh- counterpart. in,' serie. 1 
:,1" . , 
and 2, and ~re eneounterad o,nly rarely" in" nature (Flower, 

-
1977,. s .. dleman ,t al.,- 1979). 

. 
y 

Because of the. rigidi ty imparted by the cyclopentane . . 
r~ng and the existence of double bonda, various isomera of 

prostaglandinl occ~r. An alpha/bet~ . ( ct / (j ) 8yete~ , i. 

employad ta défina . the' stareochemical nature 

substituent. on the cyelopentane ring. Alpha substituent. 

are situated on ~e sue side of" the ring as the a.liphaf.ic 

-', .0 1 
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"side chain (Le. C-l' to C-7} bearing the, carboX~l?OUP at 

C-l. B~'" eubati tuente are loeated' on the aide- 0t the .1ng 
bearing, tbe alkyl' \side chain (i.e.' C-13 to\C-2~J~ The 

structures of some main series 1, 2, and 3' prosta91andins~ 

are shown ,"in p'igure 1.2" It will be noticed that these 

pros taglandina differ from each other i~' the fo11owing 
... .;J characteris tic way., 

1.> number of double bonds Ci.e. basic c1assification)-C-C 

. 2) number of hydroxyl groups (R-C-Oa) 

3) presence or absence of,keto groups (-R-i-o) 

-Recently the development of spedia1ized analytic 

techniques had lad 'ta the diac:overy, of other important 
, -

derivatives ,of araohidonic acid (the 
, 

fatty acid precursor 

of - !DOat prostaglandine' in the body) wi th potent biolog1cal , " 

• 

" ~ 

acti vi,tiea • '1'}aea'8 are r (1) 'pro_~bglan.din endoperoxid ••• ' 

an intermediate in the biosynthesia of 
~ 

proataglandin8; (2) ,~omboxan.s, 'TXA2 -- • der1ved' from the 
\ ' 

endoperoxide, : ,and 
\ 

<'3) proatacyclin, PGI2' All " tbese 

derivative,8 aba.ra'" ~he property of chemical' instabi1ity,. "but 

have potant bio1ogical &ctivitiea (Van., 1982). 

& -Proataglandin Bioaynth •• is 

It i. now we1l .etabli.hed . ~at prostaglandine are 

syntheaized d. nova in all'ti •• ues wi~h the possib1. 
", 

, . 
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Figure '1.21 Structural formulas of the 
naturally-occ.uripg prostaglandine and their 

cla8~ical 
precursors 

J reproducé,d from Hi99ins and Braunwald, 1972). 

" 

• • 

l 
. 

8 -

.( 

... 

rr 

.­ , 



. , , 

\ 

• 

. 
exc'eption of red b1ood· cells (Christ and van Dorp, 19741 

< 

.Johnson, 1974). The precise factors governing the 

synthesis of prostaglandins are not clearly understood. 

However, it lé well documented that prostaglandins are 

released very easily by pertubation of the cel1 membrane, 

induced mechani,ca11y or by chemicals (Piper and vane, 19711 

Vane,. 1982) • During the pIlst two decades voluminous 

literature has be~~ published 'on the complex. chemical and 

biologica1 processes involved in the biosynthesie of 
. 

prostag1andins (Bllasson, 19601 Lands et a1~, 19717 

Samuelson et , al., 1977, Mitra, 1977, Lands, 1979, 
" 

Bammaratrom, 1982) ~ Nurnerous é~cel1ent reviews ,and 
, . 

literatùre sympo.ia proceedings àre a180 . available in thë· 
. ' 

deta~lin9 tlte vârious steps in the biosy~thesis âne! 
.' 

inter-conversions of various p{ostaglandins (Nugteren et 

al, 1961t samuelson, 19731 Wolfe, 19761 Sillier, 19781 

vane, '1978). ·It ia intended nere only to, giqé a brie! 
f 

, -
overvi,ew of these pathways of pros,tagl.andin bio~yntheais. 

Generally speaking, most prostaglandins (i.e. series 1 

and 2) are synt.hesized in the bo.dy from C,,:,20 straight chain 

oarboxylic· acids (i. e. essential ,fatty acids of the 

linQlenic acid family) which undergo ring dloaure and the 

ad.dition 
. 

of ,the reqùisite numbêr of oxygen atoms by complex 

chernical processes ~utlineà in Pigur •• 1.2 and 1.3. Seri •• 3 

, . 

- 9 -
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PROSTAG~DIN BIOSYNTBESIS 

PHOSPBOLIPID" 

Glucocorticoids - - - - - - - + Phosphol.ipase A 

POLYUNSATURATED FATTY ACID 

~~ •• Linolen1c IK>iiIl 

-1. DeslJ turas.e, Blongase 

Ca techoleamines 
Hydroquinone 
L-tryptophan 
Serotonin 

ARACHlDONIC ACID 

.' ~ ,," 

.- ~ 

Cl/cloo%!1genase 
(ProatagllJnd1n Synthetase) 

NSAID ' ,.,' 
eg·., I~doInethacin"" 

Asprin 

( 
1 

/ 

Figure 1.3: Schématic flow chart of prostaglanci"in 
biosynthesis, ( ,..: stimulation, -- - - +: inhibitor').' 
Modified from Crabbe~ 197?1 JOhanssOD an~ 8ergstrom, 1982). 
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, 
prostaglandine are synthesized from alpha-linoienie acid 

which is eonverted 
/ 

ta eicosapentaenoic acid to finally 

form PGE3 or PGF3 (Figure 1.2) • 

since prostaglandins are not stored within the cell to 

any great extent (Piper and Vane, 19711 -Lands, 1979), their 

de novo synthesis and release réquires a mobilization of 

The' major substrate precursor(s) euc1 as free fatt 

fraction of cellular free fatty acids occurs tigh~ly 
, 

sequestered in the esterified form as esteryl esters, 

'" triglycerides or phospholipid~ Precursor avaÜ'Sbili ty ia 

generally conaidered as the ~jor rate limiting step in the 
... . 
formation of prostaglandine (Lands et al ~, 1971: Itands, 

1979) • Polyunsaturated fat"':-y 

donic~acid, are 'the principal 

acids (PUFAS) ,(-~ike arat::hi­

substrate of prôstaglandin 

and thromboxane formation (Billier, 1979) • PUFA release' 

from membrane phospholipids ls facili ta~ed by the action- of 

membràne-bound phospholipases (Pigure 1.3). PUFA ,i.s in 

turn acted upon by enzymes (desaturase and elongase) to 

yield arachidonic acid. The liberation of f~ee arachidonic 

acid is 800n foJ:lowe9. by the evo1ution of prostaglandin 

endoperoxide~ (by th~ action of cyclooxygenase) and the 
\ 

subsequent formation of prostaglandins, thrombOxanes~, and 

prostacycl:j.ns as illustrated in pigure 1.3 (Lands, 19791 
,/ 

vane, 1982r' Bammarstrom, 1982). 

- Il -
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1.1.2.1 Stimu.latora of proBtaglandin BiosyntheBis 

A humber of compounds such as catecholamines, hydro-

quinone, L-tryptophan and serotonin are documented as 

essential co-factors in prostaglandin biosynthesis (Sih et 

al., 1970). These compounds have been shown to enhance the 

catalytic conversion of araehidonic ,Acid to the cyclie 

endoperoxides, and PGH2 (Hiyamoto et al., 1976) 

(Figure 1. 3) • 

1.1.2.2 Inhibitora pf Proatag1andin Biosynthesis 

Compounds that can retard or inhibit prostaglandin 

formation are the non-st~roidal anti-inflammatory drQgs 

NSAID (e.g. aspirin and indomethacin), and glucocorticoids 
f , 

(Vane, 1971: Chang et a!., 1977). The former attacks the 

c~looxygenase lOOiety 'of prostaglandin synt:hetase, 

essential for the cQIlversiort of arachidonic acid to the 

cyclic endoperoxides PGGi. and 'VGH2' 

bloclc:ing the degrada tion of membrane 

phospholipase ~~ (Figure 1.3) •• 

~ 

1.1.3 Physiology of prostag1andina 

The latter acts by 

phos pholipids by 

Despite its concurrent discovery by von Euler and 

Go 1dbla.tt (1935) nearly half a • century ago. its precise 

role i~ physi'ology remain~ te be el ucJ.4ated. The prob1em 

- 12 -
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of the physiolo9i~al role ~of prostaglandins i8 a eomplex 

one because there are indications that these ubiquitous 

substances may play a different role not only in. each organ 

but ;fQ.ssibly ln -eaeh tissue and cell (Borton, 1969). 

Furthérmore, prostag1andins ara not stored 1ike histamine 

or serotonin but are released immediately upon synthesis. 

Consequently, it ls always neeessary ta initiate" synthesis 

to study release. Thus, rclease ls synonymous with 

synthesis. In addition, their short half life (1 5 

minutes) 1nakes pr-edse quantizati.:m diffieult (Jaffe, 1973). 

Much of th fI phy"siology of prostaglandine, however, hae 

been elucidated by their pharmacologie effecte on . various 

tissues and org4n~. Numerous excellent reviewe on these 

are available in the literature (Borton, 1969, Hammar_trom, 

1982: Curro et al., 1982). Seme of these pharmacologic~l 

actions of prostaglandine are summarized in Table 1.1. 

Only ~ brief overview with gêneraI examplee are given. 

Prostaglandins have been shown to induee varied physio-

10gical effects from species to species. For example, 

causes bronchodila tion in cats but broncho-

constriction in humans and guinea pigs (Table 1.1). In 

addition, 
, 
of 

... 
prostaglandins on the vascul,Jlr the effects 

. 
system varies with the anatomical location of the blood 

v~ssel. In': general, PGBs caused vasodilation whereas PGPs 

i , - 13 -
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Spec1es 

Sheep 

. Rat 

Guine.a Pigs 
,-

Cat 

Human. ' 
Guinea P1g 

Dog 

Rat, 
DC?9 

Q 

DQg 

" 

cJ· 

Prostagland~n 

PG~ 
! 

PGE. PGEZ' PGF2 

PGt -

PGF2 

PGF2 

PGE. PGA 

PGF 

( 
1 

PGE. PGA 

~ 

'Table 1.1 
J 

.. Some Pharmacological Actions of Prostagland1ns, 

Tissue or Organ Sys~ 

Reproductive' System 
.4 

Reproductive' 

Respfratory-System 

Resp1ratory System 

Respfratory System 

Cardfovascular 
System 

Cardiovascular 
System 

Gastrointestfnal 
System 

.. 

Effect 

-

lut;~ regressfon 

uterine contraction 

BronchodiJation 

Bronchodil ati on • 

Bronchodilation 

lowers blood pressure, 
increase cardiac output 

increa~e blood pressure 
vasa constrictor 

increase or "decrease 
cardiac output 

inhibit HCl secretion 
1nhib1t ulcer formation 
increase in intestinal 

môtil ity 

?'" 

Reference 

Bygdeman and 
Gillespie. 1982 

Curtis-Prior, 1976 

"'" 

Piper and Vane. 1971 

Hortan, 1969, 1972 

Jones. 1977 

Jones, 1977 
..... , 

\ 

Sammuel~n et al •• 
1977 

Jones, 1977 

Horton, 1969. 1972 
Johansson and 

Bergstrom, 1982 

~ 

~ 



(~;:;. 

~-

Species 

Rabb't -

, . "-

Rats 

Rats 
..... 
U'I Cat 

Cat 

Dog .. . 
/' 

Dog 
Cat 

.JtIt 
Rabbit 

Dog 
( 

• , 

Pr9staglandin 

PGF 

~ PGE 

PGF 

PGE 

PGF 

PGF2 

'PGE 

PGE. PGE 

PGE2. PGA 

PGF2 

{, 

Table 1.1 (continued) . 
.; 

Some Phar.aco~ogical ,Actions of.Prostagland1ns 

Tissue or Organ Systea ---- Effect Reference 

Gastr01nte~t1nal increased intestinal Cur~s-Prior, 1976 
System -'" IDDt111 ty Johansson and 

..BergstrOll, 1982 

CNS dèpressor effect Horton. 1969. 1972 
'aRt1 convulsion 

'-

CHS no res~onse Wolfe. 1975 

Hypothalamus thermoregulation-fever Wolfe, 1975 

.Hypotha lamus no response Wolfe, 1975 

Cerebra 1 b 1 ood vaso constr1ct1on Yamamoto et al., ~ 
vessels decrease blood flow 1972, 1973 

Wolfe, 1975 

Cerebra 1 b1 ood \' vasodil ati on Wolfe, 1975 
vasoconstr1ct1'On 

NeurOlllUscular no response Wolfe .. 1975 
Junctfon 

K1dney vasodepressor Horton, 1969, 1972 
increase natriuresis. .. 

K1dney no effect Lee. 1973 
\~ 
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" 
, 'i 

vasoconstriction in most blood vessels (Jonee, 1977). 

Howevar, in ~e cerebral blood vessela, bath PGE ana, PGF 

have vasocon. tr iet.or effects ' (Wolfe, 1975) • Yamamoto et 

al. (1972, 1973 ) have further ahown that PGEl causes 
,. 

vasodilation and PGE2 vasoconstriction in the cerebral 

arteri.s in dogs. Recently, exactl~PPOéite observations 

were reported Dy Curro et al. (1982), 0 dernonstrated that 

PGE2 was in fact vasodilatory in the cere raI vasculature. 
li " , 

Such contradictory reporta further suggest to the cornplex 

character of prostaglandinà in phyaiology. Thua, because 

ot thia 'and other contradictory obaervations~ "the preciae 

physio1ogy of prostaglandine remains controversia1. The 

variab,le and lometimes 'diverse biological action " of 
" 

prost-ag1andine in the' same syetem has' thus made it" 
\ 

d!fficult to eatabliah a U;fied 'rnechariiam respansible \ for. 

the a~tion ~f prosta91andi~~ in ,different tiesues. 
~~" 

\, 

1.1.4' Cytoprotective property of proeta91an~iDe 

An" important adjunct to. the diverae physiological 

properties of pfostaglandina il thei~ cytoprotective effect 

on a variety of 'organé tncluding the 8tomach, small and 
, , 

laTge intestines, pancreas, kidney and ~iver (Robert,' 1981, 

1981). The phenomenon of 

cytoprotectiQn Dy prostaglandine was fir~_discover.d by 

- 16 -
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. 
~ltObert (1976) wbo showed tbat sevéra1 naturaJ prostaglandins 

(PGA1, 'PG:2' PGB~, PGC2.' _~D2' PGE1, PGE21 .PGF2a and PGF2f3) 

hÀd ,a ~ique a~o protect cells of 'the gastro-

intestinal epithelium ("direct" cytoprotection) against a 

varie~y of potentially noxious agents 1e.g. non-steroidal 

anti-inflamatory dr,ugs (NSAID), steroids, ethanol" hot 

water, and strong acid or base) which otherwise have the 
, 

capability of producing cellular damage and necros!s 

(Robert et al., 1979, Robert, 1981). prostaglandin w4s 
. 

admin1stered ora~ly' or àub~cùtaneously. In eit~er Ca8e, it 

was Observed 'that " cytoproteeticn . wa8 dose "direct" 

,dependent and of ~e various prostaglandins tested, PGA and 
~ \ 

PGE were genera1ly the moat eff.ctive. 
'. ,1 

It waa first suggaated that 

certain 'pro,tag1andin. (e.g. 

the inbibitory" effect of' 

PGE2) on gastric, àcid 

secretion was the reason for the. anti-ulcer a~tivity '(i ••• 

prostaglandlns acte'd aa
r 

n.gatU va feedbaclc; inhibi tion of 

gutriC· •• cr~n.) (Robert, 1979). However, certain 

prost,glandins pr~ected the stomach even at non-seeretory 

dose .. 'and againat ,necrotizing ',agents ~that do nO,t reapond ta 

antiseeretery.drugs sueh as histamine, 82" blockera, anti-
. 

cho1inerg~c. or antaeids (Robert et al., 1979). Further~ 

more, prostaglandine that do not affect 'g&stric acid 

secretion (i. e. PGP2 ex and PGP2{3> a1so prevented a.pi~in or 
,\ 

. , 
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indomethacin indueed ulcera 
. 

(Robert ,.t al., 1967'). The.e 

observationa auggeated that prostaglandina could, protect 

the gastrointestinal 'mueoaa' by meehaniamâ other than 
, 

inhibition of 9aattlc aecretion. Since indome~ac!n ia 

uleerdgenic and· ita leslon~ are prevented by prolta-

glandins, it waa poatulated that uleer for~ation was/- due to 

proat.aglandin "deficieney by aspirin c.r 

indomethacin' (Robert., 19757 Nezami. et al. , ~ 982 ) • 

treatment. wit.h proataglandina would eX8rt a prot.ect.ive 

affect by replaeing the mialing.en4ogenoua pr~ataglandipa. 
/ 

prostag1a~din-induced cyt.op~otection of the , gaatro-' 

int.stinal tract. , ""as 'also.' seen againat. a variety of 
~ 

, 

phys'ical injury by n~c:rot:izing agents auc:h aa ~b,olute 

alcohol, strong acids e a'.g. HCl) , st.rong base (8.g. NaO~)" 

hypertonic (25\) laline, and evèn boiling wat.er (Robert et 

al., 1979) ,. The mechanilna tor this ,il open to debat". 

Robert's group h.. Poatulate4 that, aince prolt.aglandins. 

are present. in' most. èell., _they are 

cellular , maintaining integrity. Thu., 

tis.~~ l~el of prostaglandins by exogenous 

ne~e •• ary. for' 

b~ rai.~~g the> 

adJuinLltration, 

the céllqlar resistanèe, f. also' enhanc:ed (Robert et al~, 
. " ' 1979). S~eh a mee"anilrn, bowev~'r , se.. unli.1tely T linee ' 

,IUCh fràt.i-&,ing ,agen~Î' kill :the gastric epithelial on 

contact; • 

• 18 - ;. 
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"Ad~ptive" 
Cl cytopro tee tion ia "a no ther form 'of 

cytoprotection 'which has bee~ observed ln the gastric 
< 

epitha1ium (Robert et al., 1979). 

mi1d irritants Such as 20' eth~nol, or 

l t was obeerved tha t 

weak acid or baie 

(given 15 to 

pro tee ted the , 
20 minu tes, before' necro tizing agen.t) \!,so 

g8stric epitheliUIn fr'om 1esions agaitt 

ab~olute alcohol, strong acid o~ base, and ev en boi1ing 

,water (Robert et al., 1979).; It was specu1ated that rnild 

irri tan te might' stimulate ~ndogenoua forma tion of 

6ytopro tee tive prcistaglandins by the stomaeh, implying 

prostag1andin~ were the- direct cause of, cytoprotection • . . . .' , 

'l'he hypothesis'" .. w~,s' . testeç1 by, tr~atin9 the ra te w+ th 

indometh~ an inhibi tor 

priQi·. toVdmini.te~ing the 

,dose of indorne thacin 1 none 

of pros t8g1andin syn thesis " 

mi1d irritants., ~t an optimal­

of, the m!ld ,irritants wer$ 

cytopr,otectivfi anymore. ,';l'his result strongly sugges'ts that 

the' mi Id irritants" exert, thelr eff,ect by stimulating the 
~ , 

formation of cytoprotective p'ro~tàglandin(s} by the stom,ch 

('Robert, 19,79b). 'This effec t of mild 'irri tan ts ",as t;ermed 

adap-Uve cytopro ~c t~on since i t appeara- to be a local 

defen.ive reaction of the ,body againet the introduction of 

nox ious -agen ts • 
, 

In, the earller etudies in which cytoprote-ct!on "'as 
" 

acc:qmpÜ.shed by admi~ietra d.on of pro~itag1andins,' one cou1d . 
, ' 

./ 

'. 1 
, 
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argue . tha t the èffect was pharmacologlcal, i.e. itdid not 
, \ 

represent a natural responae but wae 
1 

the resul t of 

adminis te~ing a qrug. De.mon-stration of adapti\fe cyto-
" 

pro tee tion, on r:he 0 ther hand 1 sugges ta tha t cytopro'tec tion 

py prostaglandine may in fact be a physiological phenomenon 
" 

(Ropert, 1981). 

Binee these initial studies (on gastric 'and intestinal 

cytopro tee ~ion) f the cy~oprotecÜve praperty of prosta-

gland!ns has been" extended ta à number of 

inc.J.,.ud-irl,9- the pancreas, kidney and li ver . , 
19ào: Manabe and ste~~80' s~cnura ~t a1./ . . . 
et 'a1~ 1981~,b). 

ether organs 

(Reber ~ al., ' 

1980: Ruwart 

'. ~ ",- di h d tha' t Rece~tlY,· _ n~merous stu es ave demonstrate 
.. ~ • ~ '> ......... ......., .... ~ 1 1 • 

'prostagla~dins. (name1y PGE2 and its methyl, ana log 16, 16 

dimethyl ·PGE2) were able ~tect' the liver (i· ••• · 

'hepatocytoprotecUon) against acute 1iver injury produced 

by a number of hepatotoxins including galaç;tosamine, 
. - , 

acetomin.ophen, athano1, alphatoxin, carbon tetrachloride, 
. . - .A 

'a~a~nePthYlisothiocyanate (Stachura et al., 1980, 19811 

Ruwart et ,al., 1981a, 1981b, 1982a, 1982b, 1984) and 1 

thermal inj ury (MlyazaJd etaI., 1983).' These s tud les 1 haVe 
• J 

demons tra'ted tha t RGE2 was capable of p~o tèe,ting n,ot only, 

liver parenchymal cells' but also those of ,the billary 

api thel ium from toxic' 'damage. Howéver, for c:ytopro tee tian 
. \ 

" 
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to oeeur, it· was nec.ssary ta administer the PGI2 just 

before, simul taneoual:y or immedia.tely following taxin 

insult to the liver. The mechanisM for hepatocyto-, 

protection is' unelear. It , has been sU9gested that 

hepatocyte protection mey oècur at ~e membrane ~vel or 

JII!lY bé a by';'product of al te~ation . of toxin me.t~li.~ 

caused by the prostaglandin (Miyazaki et al., 1983). 
, p 

Sinee 

.pro.taglandina.~ave been shown ta proteet a variety of cell 

type. (i.e. gastria and intestinal epithelium, kidney, 
-

pancreas, and liver cella) th.re i. reaso~ ta .beli.ve a 
.... 

generalized mechaniam for p'roteetio~ of cells from ,toxine 

by pro8taglandins may .xi,t. 

,1.1.5 Other properti •• of pro.taglandin. 

. In addition fa cytoprot.eetion, prostaglandins - have 
• 

alao been implicated in DNA and eall 

prQ1iferatlon follow!ng partial hepateetomy and' ethanol' 

induced .uppre.aion 'of liver regenaration, (Miura ,and Fukui; 

1979, MakoWka '.t al, 1982, MeReil and Leevy, 1983). The.e 

re,ulta Itrong~y augge.t that proataglandina are, involve~ 

in Ijver regeneration, although it ia not c~.ar what type 
, • '1 ~ 

-of prostaglan4in ia the trigger. An inereaae in ,PGB 

obaerved , during liver regeneration ' following partial 

hepatectom,Y in normal rata lugge.t.. that PGI may he 'of key 

J 'c. .. 
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importance in DNA synthes'is (MaCManu.' an4 Braceland, 1976 r. 
IndometQacin, a potent inhibitor of' -pros~glandin 

synthesis, reverses these ~ff~~ta on DNA synthesis (McNeil 

et al., 1985). The direct mitogenic effect·of PGE bas alao 

been observed in thymie cella, mous. l~Phocytes and' 

cultured rat hepatocytes (Mac:Manu. and Wh1tfiel~, 1976, 

Andrei. et al., 1981, otto et al., 198,2). 

i.l.6, Mechani.m. Of'pro~ta~l~diD A~tioD \. 

The exact mechaniams of prostaglandin action are still .... ' 

ta De defined aa \ -their exact Jhysioloqica'l role remain. 

oontroveraial (Borton, 1969). It ia clear, however-, that 

endogenoua pr08taglan~ins Act 10cally and rapidly, in small 

quantitiea, to produee a variety of cellular. re.pOnsaa. It 

has . been _au99~.ted th-.t the biologie al ae,~iona of pro_.t,­

glandin. appear ·to "be' cloae1y' aaaoeiated w~th Ithose of . , . 
variou. hormones in the body (Borton~ 1972). Severa}.. 

'worlters (lJorton, ~969, ~e" 1973, ~uehl, 19737 Wolfe,' 19,75, 
. 

and Gill •• pie, 1982) have poatulated that as 

circula~brY'hormones and nerve action potential reaoh the 

regional cell' membrane and , exert thèir biolOgic:al act'ion. '---

the - phospholipidasas in the membrane are àimultanaously 
,\ 

activated to cleave the phospholipide to raleaae poly­

'un.aturated fatty ac14a, linolenic acld, and arachidonic 

" 
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acid. Thess precursors of prostaglandins r~pidly follow 
~ 
~ 

the "'arachidonib cascade" (Figure 1. 3) to forro- the desired 

prostaglandin(s) (SamuelBson et' al., -1977). Thus, it is 

postulated that on nerve or hormonal stimulation 

". ." 

prostaglandins may play a role in the negative feedback 

mechan~s~ in such peripheral 'tissues as adipose tissue, 

stomach, 'and smooth muscles (Horton, 19691 Wolfe, 1975') .... 

1.1.7 prostaglandins and the cyolic AMP System 

cyolio AMP, after its diacovery by Rall_~t al. (1957), 
, , 

haa ' - been implicated in '-'ariou8 hor~ne-membra~é 
'; 

interactions. It-is -now wél1 known that cyo1io AMP plaY8 a 

" k,ey' mes8enger rolE! to regu1ate 'intracellular function as a 

con,êquenoe to external stimt,ùi. 

'in .Figure reptesenta tic;m, is shown .. 
hormone-membrane' intèraction exoites 

A brief schematic 

1.4 • 

the 

ariefly, 
\i 

the 

membrane-bound 

adenyl cyclase to convert intr.aoellular ATP te oYcli~ AMP., 

The cyclio nucleotide subsequently activates a sequence of 

protein phosphorylase ,reaotions cUlminating in the ~ppro-

priate physi~lo~ical respons~. 

steinberg et al. '(1964)' first _postulated that" the 
o 

actions of prostaglandins may a1so be simila~ly medi~t~d by ~ 

" cycl!c . AMP. Much reaearch ~nd extensi ve review8 in the • 
, 

lit.rature'have now oonfirmed the existence of Il cyolie AMP ,.. , 

'0 

". ,. 



HORMONE 

OUTSIDE 
, 

RECEPTOR f 
CELL MEMBRANE- t ? 

1 ADENYL CYCLASE " 
rNSIDE 

n" 
ATP , CYCLIC 

AMP 
J · 

PHY SIOLOGICA~ 

EFFECT 

Fi!sùre 1.4, A brief schematic representation of hormone­
me r~ne (receptor) interaction which elîcits adeny~ 
cyclase to convert lntrac~llular ATP to cyclic AMP. Cyclic 
AMP subsequently activates a sequence of protein 
phosphorylase reactions culminating in the appropriate 
,physiological response. 
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mediated mechanism for prQstaglandin action (Bittlemann and 

ISÛtcher, 1973, Kuehl, 1973; ·Hammarstrom, 1983). A brief 

~hematic representation of this is depicted in Fi~ure 1.5. 

The, concept tha~ prostaglandins may be formed as a 

conseqQence of cyclic AMP action and function 8S negative 

feedbàck regulators i8 also shown • pespite isolated 

contrary observations to the negative feeaback concept, it . 
,ia nowa generally accepted phenomena (~uehl, 1973). 

'- ' 

1.1.7.1 ying-Yang Bypothesis of cyclic AMP and Cyclic GMP " 

The Ying-yangohypotheais or the Theo~y of Dualism was 

.~roposéd by Goldberg and co-workers .(1973). This theory .. 
suggeats the modulation of intra-oellular (hormonal or 

prostaglandin related) response due to prostaglandin 
-' 

stimulation is not due to cyclic A.MP alone. The theory .. , 
states that bath cyclic AMP and cyclic GMP play a role in 

re9ulating cell function .with an equal and opposite effect. 
s! 
It has also been suggested that cyclic GMP relates to F 

prostaglandins in the sarne way that,cyc~ic AMP relates to E 

prostaglandins. The presence of receptor sites for F . 
prostaglandins. along with evidenee of increased cyclie 

GMP/cycli~.AMP ratio under PGF2 stimulatign, have further 

strengthened this ~ 
similar but opposite situation has 

been observed with 

,- 25 -

\, 

\ . 

. " 

.. 

" 

\ 

\. \ 

1 

j 



J 

1 

\ 

ourSIDE 

CELL MEM8RANE 

INSIDE 

PROST AGLANDIN 

l 'ADENYL CYCLASE 

"\ .r\ "-', ?' 

AT~ .~~, 
"CYCLIC "\', , 

AMP • PROST AGLANOINS , / 
PROTEIN KINASE , 
PHYSIOLOG1CAL 

EFFECT 

.. 
Figure 1.51 A brief schemâtic representation of 
prostaglandin-rnembrane (receptor) interaction which elicits 
adenyl cyclase to eonvert intracellular ATP ta· cyelic AMP. 
Cyclic~ AMP subsequently activa tes a sequence of protein 
kinase and phosphorylase reactions, culminating in the 
~appropriate physiological response. prostaglandins, formed 
as a'conseque~ce of çyclic AMP action, may function as 
negative .feedback regulators (- - - - .. ), or rnay enhance 
the protein kinasè to augme~its action. 

.,. "7, ' .. 
• 
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1.1.8 'Are Prostaglandine Bo~nes? 

The question of prostag~andins being 

complex and controve+sial qne (Horton, 

hormorr-e is a 

1969) J "ln the 

classical sense prostaglandins (at l~ast E and F ~eries) 

cannot be consideled as true circulating hormones because 

they are inactivated during a single paBsage through the 

lungs. However, exceptio~s have been obaerved in women 

undergoing labour. In this case PGE2 and F2 a secreted in 
1 

"-
one are a of the body have 1;>een shown to ciroulate past the 

lungs to cause ut.erine contractions. In addition, 

substantial< evidence exists to suggest that PGF2a is 

released in the uterus to cause luteo1ysis in ovaries of 
/ 

sheep and that PGE2 is , formed in the kidney to regulate 
,1 

hemodynamics of the cortex (Kueh1, 1973). 

The on1y prostag1andin that might conceivably function 

as a true circulating hormoQe is one of the A series as 

prostaglandins are not metabolized by the lungs. 

PGA2 formed in the papilla of the, kidney could be 

elaborated into the venous circula tion , fOtlowing 

appropriate stimulus (e:g. expansion of blood volume), paaa 

through the lungs to Act on peripheral 'àrterioles. 
.~ 

Yor the majority of prostaglandina (i.e. Series E and . 

F) it has been suggested that they, behave like "local 
~ 

hormones Il and play an important regula~ory role ift cellular 

27 
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functian • , Re~ently prostaglan,dins (specially PGE~) have 

a180 be..en demonstrateà to regulate and trigger red cell 
.,/ 

formation 'from hemopoietic stem cells (Dukes, 1982). Thus, 

the role of prostaglandine as local intracellular regu­.. 
1 lat.ors ,(hormones) ia established, at least in 1 sorne 

instances. 't-n addition, 'the abili ty of virtually all ceU 

types to synthesize "and respond to added prostaglandins 

suggests that prostaglandin must also have an important 

action in the cells whioh produce them. In accord with the 

messenger concept of cyclic AMp, 'Iar'ostaglan'dins would 

appear to play .either an esseptial intermediate or modru­

lating role on hormone act.ion (Wolfe, 1975, v.ane, _19~) •. 

\ 

1.1.,9 Proa..taglandin "12 , 
proataglandin (PGE~,l oné' of the pri"mary 

end-producta of pJY).tagla~din· syntheaià . tram ,aracbidon1c 

acid ( Pigure 
.. 
1.3)~ 

prostag1andin E2 ia 

~ith thia prima~y 
" 

• 
Tbe basic -. chemical structure_ of 

prost~gl~ndin, were 

1.6-. B_arly ,t~die. 

related to their 

highly patent effects on amcx>th lIIU8cles, k'idney, and, the 

gastrointestinal tra~t~'(~lia.'.on; 1960, Bort.Oll. '196'91 pike, 

1971, L •• , 1973). ,ln recént~ y~ara, witb- the a~ai.labilitJ 
of synthet!c .and purified ,prol,taglandiria, . these substances 

\. 
have been IIIIpl.iC<lrd in the regul.ation ..,d f)Ùlotion of 

, .... 
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, pr'ac tlcall y every ths~e and organ sye tem in the body 
" 

,{Kuehl, 1973: Wolfe, 1975: 'Jonea,' 1977: Dukas, 1982) • 

Recently théy have alao been implicated, in' aell prolifera­

tion and DNA syn thes i's (Andreia et _al., 19801 Otto etaI., 

1982) • 
", 

-PGE2 has been demonetra ted to manifest numerous and 

diverse biological properties whieh vary from organ 't~ 

organ. Sorne repre~en ta tive properties of, YGE2 are lis ted 

in Tables 1.1 and 1. 2_ l t la now kno\irn tha t these var ied 
? 

'and' diverse 'responees of -P-.GÊ 2 are mediated by the cyclic 
, 

AHP ·,system in the bo y (Hittleman and Butcber, 197j). PGE2 
.. 

have been qe~et'a y shown to ' be. antagonistic to 'PGF2 in 

its action (Curtia-PriO'r, 1976). For exampl~, PGE2 relaxes 

the bronchi, 10werl esophageal _ aphinc ter 1 arterial amoo th. i 

,muscles, whereas PGF2a cOl1stricts ' these tissues. However, 
\ 

discrepaneies have been 'observed in c~r,bra1 capilla~ies 

where PG~2 h~S been shown to cause bo th vasod~la tion 'and 
, 

vasoconstriction (Wolte, 1915) (',l'able 1.1). '" j 

A major and \irel1 documen ted' prop.er ty of ~ PGE2 ia cy to-, 
, , 

, pro tec tion • C.Ytopro tee Hon, . by pros taglandins has been 

e~ tensively rev,iewed (Miller and ~ Jacobaon, 1979: Robert, 
.j 

1979, 1981: Johaneon and Berge trom, 1981). Of the var lous 

pros ta91and~ns, and i ts me thyl analogue 16, 

16-dimethyl PGE2 has 'been t.xtensively studied in nU,mer9us " 

tissues. . S trong and_C'"onvinc 1n9 ev idance now sugges ta tha t 

- 30 \ 
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Table 1.2 

Some Phrsfologieal Propert1es of Prostagland1n E2 

Organ System 

.Reproductive System 

Cardiovucular System 

Rena 1 System 

Respfratory System 

Central Hervou~ System' 

Gastr01ntestina1 System 

: End:~YsUm ' 

Immunologfcal System 

Hematolog'ca1 System 

'. 

PhYsio10g1cal Action 

Relaxes non pregnant uterus. 
Contracts pregnant uterus 

Increases cardiac output 

p , 

Increases ~ocardfal cOI1.tractfle force 
tauses vasodilat1on 
Lowe"'s b 1 oad pressure ' , . 

Inerease natriures1s 
Causes cortical vasodOation' 

Causes bronchod11at1on 

Depressive effect 
Antf convulsion 
Increase body temperlture , . 

Inh1b1ts gastr1c secretion 
IncrealPs intestinal mot111~ 

Increase cyclfe AMP levels 
,Hodulaîe5 cycl1c AHP III!dfated action of 

hormones and drugs ' 
,Promotes 91yc0geno1Y515 

Inhfbit lymphocyte lunet1on' 
Inhfbitory role in immune response 
Produces inf1amatfon 

S~f~aus platelet a9gr~gation . 

• 
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, 
~E2 pleys à major pbys,iological role' in cytoprotection 

againat toxins by 

membranes (Bobert et 

Ii.Z~.~ '~t al., 198'2), 

causing IItabilization Qf 

al: • , 1979, Stachura et 

The, mecbaniam for thi. 

cellular 

a!., 1981, 

unclear. Increased' gastric mucus secretion" due ta PGJ!:~ 

stimÙlation may' play ,a!f'-~rol., at least in gastric 

c~oprotection (&ezami. and Robert, 1982),' In a unifi.d 
. , 

,concept for 'e.ytoproteetion, i t 'has been) propOsed tha.t. 

POE2-indueed oyo1ie AMP prodllction may play a ll)ajor roI. 
~ 

(Robert, 1981). Th. observation that bath POE2 and cyclie 

AMP preven~ed indomethaoin-in~uced inhibition of .odiu~ 

aotive tran.port in the gaat~ic mueosa' auggesta tha7, POE2 
, 

atimulates the .odium pump by aetiv&ting adenyl cyela •• and 
.. 

ineX?a.i~g intracellu1ar oyclic AMP and 
. 

• Jacobson, 1978). Similar ob.ervations bave been made in 

variou. other 
Q... 
Inhibition of ion active ~a~sport may 

et a1 v 1976). 

l.ad te intra-

cellular accumulation of 8odium, anion., and wat.1.·. Th. 

resultant osmotie 8weliing. couldll> produee s.vere' cellular 

damage, alt.red permeability, and diaruption of ly.o.ome •• 

~ro.tag1a~Un. (E2) 1 by activati,ng the gastric sodium pump, 

May pr6tect the epithelium again.t such intracellular 

chang.s (Mil~er and Jaco~.on, 1979). 

.. 

,\ 
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1.2' PROSTAGLABDIRS lB LIVIR PBYSIOLOGY 
" 

, The cytoprotec:ti ve property of. pro.taglaneUn. ( in, 

pattic1J1ar POI2) 01) liver ce11. has been well documented. 

HOwe\1.~ , theJi'e appear. t.o be a pauei t.y of pllbliahed 

information regarding 'the affect. of pro.taglandin. on 

liver phy.iology. 
4, 

,It haB- beell d'emon.'ttat.ed that the liver (as ~11 a. 

t.1\e' l~ng.) efficiently metabolize. a. mueh a. 951 of 

ëirculating pro.t.aglandine (Dàwaon .t, ·a1.~' 1970)., Thi. 

rémoval va. a •• oeiated w.ith a rapid and' .complet. ct.car­

bo.xyl~tion of pro.t~glandin '~i thin the livet'.r EVidence for 
. ~. . 

a proltaglandin r.ceptor wa. fir.t d.lcr.~be~ in the fat 

(!tuPl 
.. 

and Hume., 
, , 

reeeptor. have a1.0 be.n 

1'972 )., Bowever t ' ~.cently POl 

identi.fi.4 on. rat hepatocyte.· . 
(S1IIl1gel and Flelcber ~ -1974). 

, . \ 
lio PGF receptpr,. have yet 

been . idêntifie4 in ~at hepatoeytea. \ Existing Ividenee 

.u9ge.t.. that. B type proltag1~ridin. exert.' thetr actio~ by 

regu1at.ing cyclic Mf,. 'leve11. '!'hg., POE May lunetion to 
1 

control enzyme. aa.oe!ated ~ith cyc1i~ ANP. aecent1y, 

con~rary Ividenee wa. pre.ented ~ndieating that unlike as 
~ , " 

in mo.t celll, PGE2 dOl. not appear ta: ob. atimulàti'ng ta 

cycl~e AMP in he,patocyt.e. (Gr!nde 
~ 

and Ichihara, 1983). 
,~ 

, , 

ThQ., in hlpatocyte. POE2 mey in ~act depr~.s 'cycl~p AMP 

" 
, . 

'-.' /' r .' 

, 
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prod~ction. 

controveraial. 
~ 

Thie anomalou. action , 

• 

' ... 
of' remaina , 

The effect of pr08taglandin. on lipi~ and ~arbohydrate 

metaboliam ha. been extenaively 8tudied. Its affect Qn 

prottjn ~taboliam ia le.8 atudied as it h~ only marg±nal 

.ffects on, ~e .ynthesia of protein in bacter~a (RuddoD ~4 

Johnaon, :./1967) • Reoent1y, however, proataglandin.' have 

. been shown to participat.e in th •• ynthe.!. and relea •• of, 
, 

di~f~ent hormone. in varioua endocrine, glanda (Ku.hl, 
, 

1 19731 wolfe, "1975)." The mechaniam of, âction 1. cone1d.red 

to be' mediated ,by oyelic AMP (Hittl..n et ~1., 19731, 
fi 

\ 

" 
(Plgure 1,.-1) .~, 

.' 

1.2~1 proat~91ancUna in Lipld M.tabo~iaJD 
, '\ 

o '-.me firat ob.ervatlQna of the eUe.ta of proat.aglanClin 

on lipi~ metabolism were made by Steinberg' - et al. - (964) 

who .howed ~at' ,oSI reduc.a' tme relea •• Qf glycerol and 

fr.e fatty a~id.' trom' rat, epididymal adipo.e tissue, 

ind'icating il d~r.ct ,anttl_iJio,l~.i~ action of PQElo, 'Shaw and 

RalDwell '( 1968) extend.d th... findinga 'by ahowing ~at, wun 

epididymal adipoae ti •• ue wa. atimulated in vitro Qy 
, 

,lypolytic hormone a ('eLg. _ epinepbrine, nor.pinephrine and 

AC'l'H), or when the epididymal nerv. was .~imu1ated electri-; 
, , ' 

cally, or wbeil 'tbe animala vere previou; •. lY ,.fa.~.d th.re 'va. " 
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an incr~ased efflux of pros taglandin release. Fur thermore , 

there \oIas' a reduced release of pros ta91anelin (conoomi tan t 

witJ1 reduced free,'htty acid r&lease) in the presence of 

insulin. These' observa tions subsequen tl y lead to the 

hypo thesis. tha t pros ta91andins play a 'physioloq'ical role as 

4 n.ga Uve feedbaek ragula tor' of hormone stimula ted 
'-

lipolysis in adipose tissue' (Pigure 1.7) (Shaw a'nd Ramwe11, 

, 1968), ,. 'the nu tr 1 tional s ta tus ~ppears to be an :imPer tan t 
• 0 

t,a'C tor in pros ta91and in an tagon ia~ ot l ipol ys is : Heoi yalta 

i~ 'adipose' tissU.,!' . f~9!" tast:ed (at8 la sensitive ta prosta-

gland!n an tagon iarn bu t np t tissue tram f~d r.its ,(Çarlson • • , 
and ,Mich .. lli, 1970). 

Th.e an iiI ipolytic ac tion ot various 
., 

pros taglandins 

have been détermined and are as, follows: PGE2>PGE1>P(1F2CX' 

>PGFla. PrOa~a91andin P'2 was tound. to be inactive AS an 

, an tU ipol y tic 

Baird, 1968). 
' .. 

The mode 

considared 

,agent {Steinberg et, al., 1964: Butch.r and 

\ 
o..f the antilipolytic action of pt:0ataglanc;Hns 

" l" 

media ted ' via cyclase sy~~,m adenyl to be 

(ilorton, 1969). Severa! hormones activate adenyl cyclase 
, 

to . form cyel ie AM'P which la eonyerted to 5 'Af1P by. p~os-pho .. 

die,sterase in the adipose 
. , 

tissue'; Hormone sensitive 

1 ipa,ae 1 . which hydrolyzlit&. triglyc:er ides iq' ~ipo8e tla8ua, 
, . 

- -f r r ,\ , 

'ia ac~ivat.d by cyc1ic AMP-dep'endent protein~inaae,and 
• 

, ' 
" 

, , 
, ' 

" 

.. 
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F1g~e 1.7: A schematic flow chart showing th~ physiol,ogicll role of 
PGE2 AS a ne9athe feedback reg.lator Qf hOrmG"e-s(1I11ulated l1901Y515 
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ap~,ars to' be th~ ra te limi ting s tép tButcher and 
. " 

Bair:d # 

, 
1968) • Bence 1 a second messenger, cyc1 ie 3 1 ,5 1 1 -AMP sesms 

to play a kéy rple in media ting 'the lipo1ytic actions of 

ca,techolamlnes and other hormones by te tiva ting this lipase 

(Butcher a'nd Su'ther1and, 1967). 

1.2.2 Pro,taglandins in Carbohydrate Metabo1ism' 

Relatively fe", etudies have -~en made on the effe'ct of, 

pros taglandins on carbohydrate 'metàbolism. Intravenous 

injection of PGEI and PGE2 causes significant hyperglycemia 

in a varie ty of 'animâls (Bohle and May 1 1968 r Miller et 

'al., 1983). On the other hand, PGEI fa ils , to increase 

blood glucose in adrenalectomized rats (Bergstr9m et al., 

1968). Furthermore,; .unrelat~d hypoten~ive agents cao' also 

induc~ "hypergl~Cémia (Barg8trom et al., 1968).· Theae 

observa tiens ,indica te tha t two ,. separa te ' mechanisme may be 

responsible fot the geneeis of PGE1-in13uced hyperglycemia: 

(1) a direct glycogeno,1ytie action of PGEI on the l~ 

(2) ,reflexl y increased secre tion of ca techolaminea 

se.condary to 'the hypotensive action of PGEI (Bergstrom et 

al;, 1968, Bohle and May, 1968). From in vivo experiments, 

i t appears tha,t the former ia ra ther feeble compâ,red to ~he 

, 

1\ 

, 
" . 
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ln other .. tudies, Crawford and Haeaaler (1968) noted 

the s.imilar action of PGEI and inaulin in reducing 

lipolysis in adipose tissue. Subsequently, they showed 

.that PGEI may promo te fatty acid re-esterification and 

lipid synthesis from .q1ucose and .acetate. prostaglandin El 

"las aiso "insulin-like" in stimulating 14C incorporati~on 
"-

. into fatty acid and glycogen., Recently, pr~aglandin 

inhlbitors, such as indomethacin, aignificantly blunt 

plasma glucose and hepatic. glucose output in response to 

glucagon and or epinephrine (Miller et al., 1983). Thua, 

coth carbohydrate ana lip!d metaboliBm appear to be 

, intimateJ,y interrelated at 1eaat. ' "Ii th res~ct to 

modulation •. 

LIVBR DISEASB 

Definitive studies implicating a role for proBta-

glandins in ' Ilver' di .' l ki sease are AC ng. It ia weIl 

docu~nted, however, that prostaglandine play important 

regulatory: : roles 
,~~r' 

in lipid and carbohydrate .metabolism (Shaw 

and ~well~--19687 . , 

prostaglandina' .have 

aergstrom et al.! 1968) • E type 

Nan found to be -.atrong inhibitors' of 

lipolYB~ .and may .play a cri tica1 . therapeutic role in 
,/ .. 

deposi tion 1 in li ver ,dieease. HepatocyteB 

have pros~agl~ndin bi~ding sites ~ich,appear to.be hlgh1y 
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specifie for E 
<...,.. 

The, binding si te, 

however, does 

type 'prostagl~d~ns. 

not differentiate PG from PGE2 (Simigel and 

Fleicher, 1974) • Fur'thermore, the binding si te which 

appears to be media ted by cyclic AMP cao- be dOloTn regula ted 

in a manner similar to a receptor (RobertsQJ) etaI.,. 1980). 

Recently, it "'as shown that isolated liver tissue have 

a small, bu t fini te, ra te o'f pros tagland in produc tion which 

decreases with,increasing age (Murota and Morita, 1980).' 

Whether these observa tions imply an in vivo steady sta te 

role for hepa tic pros tC\glandin produc tion i~ 'presen tl y 

unclear. An increased -concen tra tion in the bl-ood tnig h t 

impl y an increased role for pros taglandins 1 whex:;ea~ the 

opposite may implya diminished role ... Since it le believed 
--, 

that:- prostaglandine act mainly close to or at their site of 

.synthesis, changes in blood levels of prosfagla-ndin$ might 

\lel1 reflect an a1teration in its 'clearance oro metabolism 

r~ther than of synthesis or release (Lifschitz, 1983). 

Plasma measuremen ta of pros tagland ins in subjec ta \Ji tl'f 

liver disease have been _ reported by only a hw investi-

gators ('l're"'by et al., '1975: Zusman et aL, 1977: Loglnov 

and Markova, 1979). Trewby et al. (1975) have report~d 

ex tremely 10'" lèvels of pros ta91andin, E in pa tien ts wi th 
, 

acu te fulminant hepa tic faU ure. In pa tien ta wi th chronic 

Uver fail ure 1 the pros taglandin E levels ",ere a1ao 
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significantly respect, t.o control values' 

(Zu.~n et al." 1977t Loginovand Markova, 1979). Loginov 

and Markova (1919). sU9gest that se;-urn concentrations of 
'.1 

prostaglandins depend on the severi ty of the disease. 

Thus, in chronic hepatitis the levels of prostaglandin A 

clnd E "'ere unch~nged in relation ta thé control group and 

in liver cirrhosis it was decre-ilsed. Since a close 

relationship'exists between free ~saeurated fatty acids 

-and prostaglandins . synthesis, it was suggested that. 

decreased prostagl:andin levels wre oaused by deficiency of 

théir precursors in liver cirrllosis (Loginov and Markova, 

1979). This was confirmed when an oral or intravenous 

infusion of a sol ution b containi~g 70% linolenic acid 

significantly raised the prostag1andi,n level in the blood 

at the end of treatment. At this time, a rise in 

concentration 

normal! za tion 

of 

of 

en~enous prostaglandine accompanied 

li ver func;tions fLoginov and Markova, 

1979). It has been specu1ated that patients with severe 

liver disease, might be nutri.tionally deficient· in certain 

, essential fatty acids (Loginov and Markova, 1979, 

LcifsChi U, 1983). . In e.xperimental settings, animaIs on 

severe dietary restrictio,ns ,have lower levaIs o~ prosta-

glandin production (aurd et al., 1981). concei vabl y , 

patients in severe liver' dis"" oould a1so have their rate 
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of prostag1andin production limited by the severe dietary 

restrictions (Loginov and Markoval 1979: Lifschitz, 1è83). 

Whether thia pnenomenon ie. in fact elinically important lS 

not knéwn. 

l t has been sugges"ted tha t exogenous pros taglandin ~ 

admin ia tra tion may abo have a benef ieial effec t ~ in liver 

disease (Log inov and "Markova, 1979: Dix! t and Chan:.t-1982: 

Chang, 1982). A reeent control1ed study showed that PGE2 

injected into galaetosamlne-induced acute fulminant hepatie 

tailure rats signifieant1y inereases surviva! time 'but not 

the survival rate ,in these rats (Dixit and Chang, 1982). 

Furthermore 1 also signifiean tl Y prevented the 

developmen t of brain edema (a major cômplica tion in, acu te 

liver failure) in these anim~ls (Dixi t and Chang, 1985). 

l 
In the fe"", uneon trolled cl inical s tudies (on pa tien ts wi th 

cirrhosis and ascites) involving exogenous proBtagl_andin 

administration, no significant improvements were sean in 
\ 
" 

- those pa tien ts (Li fschi t1, 1983). 
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1.4" LIVBR-B~» IYTBRRELAT~OHSBIP 

The liver-brain in1;ert"elation'hip, i.e,' the notion 

tllat, the liver i8 assoclated with, the brai.n and the Ill:ind, 
\-114 

enjoys a mysteriousness that has puzzled physicians sLnee 

~he beginnin98 of recorded medièal lit~rature. It ia not 

intended here to give a det4~le4 treatise o~ ~ prpgre8s 
, 

made through the centuries towards' elueida~ing, hePato-
, ' 

cerebral relati,onships. Numerous excellent ~nd 

literature revieWB aXie 'availabl. ,in the' ,madidal lit~'rature 

(rr~riehs" 1860, Adam. aneS , Po~.y, 19,53, .,Brown, 1957, 
, , 

Garr1aon and Pi.lding, 19611 .B~, 1970, COIlll and 
, 

Liebarthal, 1979). 
( 

( Much has baen ~itten in rècen~ years on the matter'of 
i '" ~ ~ 
\ liver-brain re1ationshipa (Piacber an~ Bal~easarini, 1~71, 

, , ( '.' ,-
BOyuDlPa et al., 1'9797 Z1eve, 1979,' S~haf.r and Jone.,' 1982, 

, " 

T.he tapie 
, 

i8 hig1l1y_ 

oomplex 'and controve~.ia1, regardle •• of thè type of liver 

dis.ase. sinee 'this 'thesis dé~ls ~rimarily with fulminant 
,;: '4 

hepatie ,failure (FBP), -the,' liver_-bral~ ~el.tionship will ~ 

discussed tR tni'a. cantext," unl.8~ othel'wise indieatèd. A 

.. detailed descr'iption of Far 18' given in a later sea~iQn ot 
, -' , . 

this th.sis. For'the present, lt will_suffiq. ta say that 

PaP ls an acute disordet of .the'liver involving Massivè , . 
hepatocyte necro.ls (T~.y and Davidson~ 1970).' The disea •• 
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ia characterized by a rapid onset ~ith the development of 

distinct neurological abnormalitie., commencing vith 
" 

confusion and stupor, which rapidly· progre.8 ~ coma an(! 

subeequent death. The variou8 9ra~~8 of he~tic coma have 

been described in Ta~le 1.3 •. Thua, fulminant hepatic 

failure cao resu1t in disturbancea in all parame tara of 

liver an~ brain'function. 

The poatulate in-the livar-b~ain relationahip of acute 

liver disèase is, 1;.hat th .. li.ve~ ia the -initial aeat of the 

disease and that the involve~ant of the nervoua sy.tem 

(i.e. the development of hepatic coma) i. aecondary. 

The .liver can be' cona,iderad aa one of the .lIOat 

important organa in the body by the sheer multitude and . \ 
, 

, 
diveraity 'of ita, function. A brief aunnary of ita numerou8 

\. 1 1 

f\lnctio~,. ia presentecf i~ 'rab,le 1.4. I~ ia evident -and rlow 

generally accept_d\ that the l~ver playa 'a key role inl 1) .. 
atorage (glyco9anL~ 2) .~th.aia (albumin, etc.), and. 3) 

detoxi.fica tion . (metabolic) . function8 in the body.,. Any 

compromise in the.e functiona, 
1 

aa ia aeen in PHF, èan 

preaent a potentially life thr~~tening aituation. In PaF 

the'functioning l~ver biomaa. can no longer ~i~e the.e 

élsential livet. furict~~ Conaequently, 

Metabolites or by-producta cAn build up i~ the 

varioua 

blood. 

exact nature of these toxina ia unknown at th!a time: 

'", 
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'l'able 1.3' 0 

Description of the various grades of hepatic coma 4uring 
galactosamine-induced fuLMinant hepatic" faiiure in rats. 

, J 
, ' 

. GRADES OF COMA 

'GRADE 1 SlOWNESS'lN MOVEME"NT (LETHARGIC) 
DIFFlqUl T 'TO DIAGNQSE IN RATS 
SOMB PllOERE,CTION 

:GRADE Il SLOWNESS IN MOVEMENT , . 
DROW,SV 

. CONFUSION 

1 . . 
GRADE III SLEEPS MOST OF rME TI ME BUT IS AROUSABLE . 

CONFUSION· , 
. VElfv ÙfTLE MTh~ENT .. . 
MA Y OR MA Y NO RESPOND TO STIMULUS 
MAY BE HYPERA TIVE AT TIMES 
ÇON-VULSIONS 

, , e' 
.. 

,GRADE IV UNAROUSABLE 
NO 'MOVEMENT . 
UNRESPONSIVE TO STIMULUS 
CONVULSION 
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Table 1.4 > 

Functions of the Li,er 

1 

1. The formàtfon'and exeretion of bile acids. 
o ' • .. 

2. The formatfo~ and excretion of bilirubin. 
~~ The metabol1sm of nutrlent substances. 
4. The convèrsion of glucose ta glycogen and the reconversion Qf 

, :-... 
glycogen to glucose. . 

,5. Tlie ~torage, bf glycogen. 
6. The synthesis of urea. 
7. The fOnlation,_nd'ma1ntenance of sérum proteins., 
8. The metabol1sm of l1poproteins. . , 

9. Thé me~bol1s111 and esterif.ic:atjon of cholester'o'l. 
10. The metalization of protefns. 

, ' 

11. Tbe amination, deamfn_tion, transam1nation of proteins. ami'no 
actds and pe~t1des,. 1 

12. The 'metabo li Sil of'" hormones. ' 1 
• J ' •• 

u: ' the lIIt4bo lisll of phosphatases, oxi dases, dehydrogenases And . , 

other enzy ... S'. 

14,. Thé degradation and resyn~hes1s of" hemogl ... obfn. 
15. The _tabol1s .. of prothrOlllbin. throaofn a~d other blood 

coagul'atfon factors~ . 
. 16 •. The .~tabol1s~ ~f copper-albumfn frictions • 

17. The letlbolfsa'of cerulopla,.fn. 
18. The llletabo11s. of 1ron. 
19. The .. tabolfs. of zinc. 
20. The neutral1~tion of foreign metals. 
21. The formation of lymphe 
22. The ,metabol1sm of porphyrlns. 
23. The detoxication and inactivation of metabolic waste and foreign , . 

materials. 
24. Reservoir 'of blood. 
25. Water and. electroc)'te metaboltsil. 
26. The _tabo 1 i Sil of HInOnf a. 
27.' The .taboUsm of mucoprote1ns.- • , 

28. The formation of a"tibodi~s. 
29. The ~tabol1s. of ,itallfns A. B, C. D. E. 'K •. 
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1.4.1 Poatulate4 ~bani.m. ImpLicated in the Livet-Brain 
Interrelatlonabip During Liver Pailure 

Whe:. c~n~"~~9 the... enigma" of ' hepa to-carebral 

telation.hipa during Aoute liver failure thér. appear~ to 

be no generai agreement a. te the rneehani.m of action (COnn 

and ~i.b.rthal, 1979, Sieve, 1981, ·Pi.her, 1982, Schafer 
, . 

and J'on •• ', 1982, Jon.. et ,al., 1984). Conn and Liebertha1 
.r 

aptIy eoneluded, following a review of thi. topie, that 
l 

"when one is ~i.ni.h.d reviewing, aIl po.sible mechani.m. 
• 1 

for the biochemieal h~pat1e encephale-

pathy) one i. left with no comp etely .ati-.fying anlwer and 

:a nUmD~ of quite un.ati.~aetory one.:-

What i. elear, however, i. that foll~w1ng. ,âeute ,liver 
1-, 1 .. , 

~9é, charact.ri.tic and pro9r~,.ive neurologieal 

abnormalitie. and encephalopathy develop. Whil". it i. 

c1ear tbat a nonmally functioning liver i. nece.sary ta 

maintain normal brain funétion., the mèchaniâïiC1)y - WliiOll ---U. 
1 

, , 

_ llver., fulfill. tbe.e-vital -tunction.· 1. unknowil."'It'w •• 

onaè bell,ved that the liver may produee a \ sub.tance (other 

than ~lueo.e) which ~s nec.ssary for the ma~~enance of 

normal brain function.. It was foun~ that inelusic;m o'f the 
.. 

liver into a eat' brain perfusion eircuit illereasecS the 

survival time of the brain 
~ 

preparation - (Geiger and 

Y~.aki, 1956). More recently, howev.r, carefully 
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,controlled oro •• -circulation experiment~ in rat. indicat.cS 
""' , 

that brain' function of liverl ••• rat. impcove4 more rapldly A 

when their aortic blood waa infu.ad'into the portal vain 

,( ~_~eru1c-portal croe. circulation) into the 

jugul~r vein C.y.temic-.y.temic croe. circulation) of a 

norm~l donor rat (Roche-Slcot et, al., 1974). 'l'hua, if 

" ,hapatic' coma waa cSue ,to a leck of au~.tande. prod~çed by' 

the liver ~. two wou Id be equally .f'f.ctiv~. aepatic coma 

,.eem. more likely tp be relatecS' ta fallure of the liver -t.o 

'r.mov. .ome ,texie' .ub.tance. . that are_ endog.nouâly 

produc.d. Por aome time, ammonia had been con.ieSer_cS the 
l ' • 

~ 
prim. can~icSat". Ho_ve~, cSe.pit. high level. of amIDOnia 

in the blood of 'patienta vith li ver failur., there 1. only 

an approximate correlation ôetv.en th!. and the 4epth of .. 
coma (COnn and Li.berthal, 1'919). Altho~gh it may be an 

~portant factor, to induee coœ 
. , 

cSireetly (Oole et al., 1972). --Purthermore, the ' eleetro-

eneephalographic change. introduced -by hyper-ammonia in 
, . 

rata do •• not _r.sambl~ 
<:.., 

those •• en ,in the galaetosamine, 

. indueed PHP rat niodel (l»appa. et. al.'," 198:4). 

'!'hare i. -.t pr •• ent;. no caneeneuli a. ta whieh ",toxin-

or m.tabolit.e mecUate. the neu'rological alterations in 

liver failur •• 

fOllow" 

Variou~ theorie. have b •• n propos.cS •• 

. , 
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1." .1.1 1heory of Synergi •• :f 
, 

recently bean teview~d ln great depth '. 
by-it. foun4er (Zi.ve, 1979, 1981). , ' 

artefly, it .ta~es 

that ,in teilur. variou. ·toxic~ (i.e. tho.e 
• 

mol.cul •• wi th coma producing potential) lub.tance.. ( e .g,. 

ammonia, .~.reaptan." ~tty aci~., and phenols -- all of 

.which are :lev~ted ;n liver tailure) can acèumulat. ~nd 

,interaè.,t .ynergi.tically te- > produce, n~urologioal 
, . 

, 

~ ~~terat~ons 'and CO~.I< _ Accum~ation o~ ammoni~ -and its 

e~fect. ,on the central nervoua ,.y.tem are central to th., 
, 

synergi~m ,h1poth.si~. ls difficult ta Such ~ h~pothesis 
, • 1 

, \ ' 

R.qently, however, an .l'eetro-'prove or di.prov •• 

eneepllalographié analysi.' of eOiaato~.' r~ts. in +iver failùre .'" 
; 

fo,:!nd no support, for thi~ hypothe. i. (pappae· et ',al., 1984). 

J 

1,.4.1. 2 'l'h~ Pal ••• eurot.r.n.m1tter Bypoth •• i. 

The fal.e neurotran.mitter hypothe.i. of- hepat1c 

encephalopathy w.., introducec1 in 1971 'by ri.cher ane! 

aald •• sarLni. The primary abnormality i. ~ought te be an , 

alteration in ami no acid .. ~.boli.m Which results in 

alterations in brain neurotransmitters. According' to thi • 
.. 

theo~y, eub.tanc.. luch a. octopami.ne, fo~ed by bacterial 

action in 'th\ colon, func:tioned'.s weak ot' fal.. neure­

transmitter. replaoing th. tru. tran.mitters, norepinephrine 
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'-
dopamine. 8lood leve~. of octopamine are inde.d -

>- . 

, increased ln liver failure and correlate approx1mately with 
1 

1 

tbe, degr.. of coma (Manghani et al., 19751 Chaee et al., 

197,7) • In liver ~ failure the plasma conpentration, of 

aromatic , ami no acids ( tyro.ine, 
, 

phenylalanine~ and 

tryptcphan) increase. in relation ta that of' the branched 
. 

chain amino acide (valine, iaoleucine,' , and leucine) a:nd 
. 

this would augment the inhibl tory et'tect by increasing the 

cerebral synt.he.i. 
/ 

of e.g. 

oC'topamine, with a ,deficien:cy of ~e trùe neurotranamittere 

nor~pinephrine and dopamine ~Pi.ch.r~ 19751 Bloc~ et al." . 
1978, J ..... t al., 1979) (Plgure 1.8). The aroueal effect 

of levÔdopa and the beneficia1 effect of the dopamine 

against bromocript~n. in patienta vith hepatic coma would 

aupport this hypoth.si. (park •• ' et al., 1970). However, 

theré is . ' 
negat:!ve evidence indicat:J.ng that 

1ntraventricular injection of QC,topamine t in quantiti •• ' 

8ufAiciènt to cause considerable d.pletion of' brain 

noreptnephrine and dopamine resulted in ~o change o'f 

consciou.ne •• f.Zieve and Ol •• n, 1977). Purthermore.. a 
• . 

recently ',completed OOntro1led atudy on the i!lfuaion of, 

brancbed-chained amino ~cid ~ correct the amine acid 

imbalance, (alterations) in liver failure lndicated that 

thi. treatment neitber improv •• cerebral function or 
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~ rOOH 

-.c-~-NHI 

, PHENYLALANINE 

..",.,~ Am,,, ..... '1" 

D.~.," •• ",,, , 

/ 

M COOH 

O-~-Ç-~HI 
HO"" H H 

TYROSINE 

PLASMA 

8LOOO-BRAIN BARRIER 

BRAIN 

, ""'11 AIrIIIfO Aeld 
Ote.,bOl,'." 

\ 
F19ure 1.8., A schematlc repre~entatioh of the synthesis of 
cateêholàmines and phenylèthylamine~. "locks in the, 
synthetic function- are indicated by Unes and sugges~ 
numerous sites "at which catecholamines may be' blocked. I,f 
tyrosine, for example, cannot go to dopa, it ls primarily 
decarboxylated to tyramine and then to the false 
neurotransmitter (FNT), octopamine (-adapt_ed fram Fi.cher, 
1975) • 
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aecreàses the < QIOrtality 
" 

of patients with hepatic 

encephalopathy (Wahren et al,., ~983) , thus, raisI:hg further , 
doubt over this hypotheais ~ 

.. 
1.4.1.3 Middle Mole~ul. Hypothesis 

Many investigators have thought that "middle 

molecules" or substanoes having a molecular weight between 
1 

500-5000 Daltons may be responaible for the neurological . 
àlteration. obse~ved during PHF (Chang and Mlgchelsen, 

19737 Opolon et al., 1975, Deni. et al., 1978, Leber et 

al., 1981, Contrera. 8t al., 1982, cr~.l.y 'et al.: 1983). 

• lt bas bean postulated" ~at build up of these and other 

toxiJ: '~l"cul •• may be the llnderlying reasona for the 

. 
' . 

developmènt of hepa.t.i,c coma (~ng and' Migchel.en, 19731 ,< 

• 

~oll~way et al., 19797 Zleve, 1979J Chang 'and Li_ter, 1980, 

19817 Gaguer .. et al., 1980, BOyumpa and Sch*nker, 1982t 

. cro •• ley' et al., 19837 'Deni. et al., 1983; Shu and Chang, 

" 1983). '\. Jua tiflca tion for ' this lias in Chang 1 a ini tial 
, "-

ob.ervation (1972), that cbarcQal hemoperfu8ion (i.e. the 

perfusion of the ~~ient's blo04 througb an extracorporeal 
(JI 

column containing activated charcoal) réaulted in the 

,complete reeovary ot consclousnesa in patiants'with grade 
, 

IV :tlepatic coma (Table 1-.3)~, Theae firet observations by 

Chang (1972) hav41 "'ainee be,n confirmed at vario,""s centras 
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world wide (G~zzard et al., 19741 Blum. et al., 1976, 

Chang, ,1916, Schr'einer, 1977, Amano et aL, 19787 Bart.ela, . 
. 1978, ~1fand et al.; 1978r Kruuüowaki et al., 1978, Odaka 

et al., 1980, Agi.hi et al., 1980). It has been suggest~ 

" 

that the sueeess of treatment by hemoperfùsion May be due 

to the removal of" middle molecules and other loosely 

protein-bound molee~les to result in the reversal of coma 

(Chang and Migehelsen, 1973).' Reeently, m~eroencapsul~ted 

activated charcoal, haa been' demoPatrated to significal~t1y 
1 

remove Middle molecules ~rid 'other 'toxina .imp1icated in 

liver fail~re (Chang ~d Liate~, 1980, 1981, ~h~ and Chang, 

1982, Hi.bik! .et al", 1984). 'Thus, it ia possible that , . , 

midd1e molecules and/or other mo1ecules may play a role in , . 
the devélopment of coma. in liver failure. ' \( 

1.4.1.4 The Gamma Aminooutyric Acid Hypdtheaia 

The gamma-~inobutyric acid CGABA) hypothesia ia 

currently the front runner among the varioua exp1anationa 

for cerebral alterations during liver failure. According 

to this ~ypothe8is, GABA, which i. produeed by baeterial 

action in the gut, contr!butes to neuroinhibition (after 

cro8sing the blood-brain barrier) by a proeess of post 
,:~~ 

synaptic inhibition 1Schafer and Jane., 1982, Jones et al., 

1984) ~ GABA, 'a Potant in~ibitor of single neurons (Krnjevic 
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and Phillis, 1963),e is the principal inhibi tory neuro­

transmitte? of the mammalian brain: 25 - 45% of a11 nerve 

endings are GABA~ergic (Roberts et al., 1981). Rf!cent 

'ev~dence obtained from the galactosamine-induced FHP~model 

in rabbits strongly bupports this hypothesis (Pappas et 

al" 1984). It was seen that the pattern of p?8t synaptic r 

neuronal activity.in liver fai~u~e and QO~ was similar to 
-

that in barbi turàte and 'benzodiazepine induced coma 

(Schafer et al., 1984). These drugs induçed their 

inhibitory effects by interacting with.bindi~9 sites on th~ 

GABA receptor complex on pC)f~t synapt'ic neuromembranes. The 

number of binding sites for GABA and benzodiazepines on 

postsynaptic neurons is grea~ly increased in liver failure 
, , 

(Schafer and Jonea, 1982). purthermore, those with oveit 

hepatic encephalopathy tend ta have ~ery high GABA-like 

activity in their serum (J'renci ,et al., 1983). Thèse 

observations lend further support ta the GABA hypothesia 

and may explain the increased sensitivity of patients with 

cirrhosis to barbiturates and benzodizapines. 

Other theories, such as the one currently being 

dèveloped at King's College by William's group (Cross1ey ~t 

al, 1983), implicates that a multitude of as yet undefined 
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potentially toxic molecules (which are elévated in liver 

failure) mediate permeability' changes in ' blood-brain 

barrier to enhance the neurological abnormalities occuring 

in liver failure (Zaki et al., 1~83). In sorne ways it 

resemblea the synergism hypothesis of Zieve (1981) but it 

a180 irnplioates the evolution of cerebral edema as a major 

factor for the neurological alterations. Cerebral edema is .. 
a major and fr&quent complication in hepatic coma (ware et 

al., 1971). It has been, s~ggested that accumulation in the 

blood of toxic ,subst~nces, normally metabolized by' the 

liver, may interfere wlth the maintenance of trânsmembrane 

ion gradients necessary for normal 

Ammonia, along wi th other Il toxins • and 

which may be involved in the cerebral 

neuronal activity. 
\ 

"middle molecu~es· 

dist)rbances during 

~iver failure, have been shown to inhibit Na~+-ATPas~ 

àctivïty (Poster et al., 19747 Seda et al., 1984). These 

toxins ,bave recently been shown to also affect the 

permeability of th~ blood-brain barrier l,.n experimental 

acute liver failure (Zaki et al., 1983, 1984). Thu~, the 

inhibitory mechanism in the brain May be attributed te the 

increased permeabi1ity of the . b1ood-braln 'barrier to 

"'toxins" 0 n0rIttally excluqed from the brain by an intact 

blood-brain barrier. Additionally, a similar inhibitory 
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(i.e. mechanism Na~-ATPase inhibition) could a180 lead te 

concurrent development· of 1 brain edem~ to further complicate 

hepatie coma in FRF (Cro.sley et Al., 1983a). , , 

t 

BLOQD ... BRAIN ~ER IN. LlVER DISBASB 
1 

t,itle of. th~s section ia rather broad, ..at least in 

terms of' the area i t encompasaes. , It ia not intended ,here 

to present an indepth treatise on the physio.iogy of the 

blood-brain Qarrier CBBB} , ra.ther a brief deecriptlcm 

relevant to this thesis will be presented. Some exe.llent 

reeent 

197~, 

revieWB on this topic hav~ been ~blished 

Gdid~~~in et al., 1976, pa~dr'49. and 

(Rapoport, 

Oldendorf, 

1977;1 Liv1q.gstone et "al., 1977~ Borow1..tz et al., 19827 

La ursen , 1992: 'Bradbury, 1984). 

1.r.1 The ~lôod-'àrain Barrier. - Structure and Function 

The concept of the blood praJ.n barrier ( BBa-) developed 

from the initial observations by' Ehrlich (1895) and 

Goldmann (1909) that intravenous injections of certain 

analine Qyes and trypan b1ue resulted 'in the vital sta'ining 

of varîoua <:>rgans eltcept the brain. Now, nearly a century 

after, the pby~~cal entity of~the blood-brain barrier has 

bèen defined and i:s desc-ribed aS;t a regulatory 'interface 
• ~ . 

"between the blood and the nervC?us system. '!'he barrier 
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exi.st~ in the choroid plexus an-d essel'lti'ally aIl 
\ 

areas of 

the brain parench'yma except the hypothalamus'.. The blood-' 
1 

brain barr ier èapillary endo thel ia rE>r 

'api tllel ia qf, 

COmPts .of 

the 'choro id plexus) joined tog,e ther by tight 

j une tions tha t , { 

cerebral ~lood 
, 

restric t in tercellula~ diffusion. ' In 

.v~ssels the' as tro~yte endfeet c ireurnven t the . , 

entire vàscular surface. Thus the astrocytes are also an 

important component 'to the structure as well as funetion of 

the b1ood-brain barrier (Zu1ch, 1967: LaUrsen, 1982) • 

Lipid-solubfe sol utes easily pene tra te plasma membranes and 

also $. eq\lil ibra tè. rapidly between b100d and brai'n. 

Lipid-insoluble nonelec trolytes anq pro teins enter the 

brain _( by carrier:' media tion) trom the blood much more 

slqwly than they enter other tissues {RapoPort, 1976). 

Thus far 1 eigh t independen t carrier sys terns t1hich media te 

the i~flux of' eseentiale~ubstrates into the brain have been 

identified as follows (Pardridge and Oldendorf, i977):, 

1) Hexoses: Glucose transpor t through th.e blood-brain 

barrier is sa turable 1 B tereo-speéif ic 1 and sodium 

1ndependen t. 

dependen t. 

lt 

Other 

" 

is nei thef ac tive nor energy 

hexoses cornpe.ti tivel y inhibi t al ucoae 
~ ~0 ~ 

transport. Since the transpprt eapaci ty (Vrnax ) for all 

hexoses i8 constant, the movement of the carrier 

l' 
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n 

...; 

\ 

\ 
through the memb~ane 1 no t ,the sugar binding 1 1.s the 

ra te l1mi ting step. The g1 ucose carrier ls half 

eatura.ted at a serum glucose concentration ot 7mM. A 

!f411 below -this value will lead to a propor tiona te fall 

itn tltera te of glucose en try .in to the brain and may lead 
, 

to hypoglycemic bra in damage. 

Amin~Ac:i~a (3 systems) : Amino acieS transport across 

the blood ... brain barrier le media ted by !adl i ta ted 
{ 

diffusion, a process tha t le equilibratory (i.e. no tt 
~ 

concen tra.ti ve) 1 sodium and ene.rg y-inde penden t 1 and 

stereo specifie f Beeause the 1 amino acid transpor t 

ac tivi Hes of neI;'ve and glial cel! membranes are much 

grea ter 1 it has been inferred that tran~ across the 

blood-brain barrier 18 the ra te limi ting step in the 

8upply of amine acids to the brain. Three independen ": 

amino acid carriers have been iden tifled for: a) 

Acidic AlDino Acids -- glutama te and asparta te: b) Basic 

Amino Acids -- arg inine, orni\hlne, and lysine: c) 

Neutral Amino Acids phenylalan ine, tyrosine, 
~-

tryptophan, val ine 1 • leucine 1 lso1eucine, his tidine, and 
~ 

threonine. The ra te of en try of any particular amino 

aC~d 
ot~er 

ls s trongl y influenced b,Y 'the 
1 
presence 

competing amino acids (Rapoport, 1976). 
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3) MODOoa~xylic AoleS. (e.g- lactate, pyruva,te or k~tone 

,4) 

iJ 
6' 

bodi •• ) t 

specific 

A carrier mediat,a, saturable, _ and stereo 

transport maohanilm .ystem. -" Transport of .. 
laotate i. inveraely proportional te the pB. 

purine Compound. Thele bave on1y recently been 

(e.g. adenine) di.coverad and alao appear te 

AIIlJ.n,.' (e.g. choline) be .~,turable and energy-

5\1c1.0Ii4 •• -indèpenaent proc'I.e. 

(e .. g. adeno.ine) (Pardridg. ana 01d.ndorf, 1977) 

-

1.5.2 8l00d-~rain Barrier AbnOrma~1 •• ln Liv'4 railur~ 
Becaule of if' extremely .ensitive regu1at.ory nature 

of the blood-brain barrier, it ha8 been sugge8t.d that it 

Can be a vulnerab14l!ll si t.e in various disea.e st.ates 

(Pialunan, 1975, Rapoport., 1976). This 18 eapecially' so' in 
1 

1iver d1lea.. (P'1n1.Y.OD', 1982, LauX' •• n, 19821 Hawkinl et 
al., 1983, Go1d.tein, 1984). 

It i. now well recognized that the blOf)d-brain .. barrier 

~s damaged, or at least its permeability ia aign!ficantly 

altered, during acu~e liver failure (Livingltone et al .. , 

1977, Horowitz 'et ~., 1983, Zaki et al., 1984). No single 

• toxin" ia likely to account for the.e fea ture •• Elevation. 

of ",ater soluble toxins such as ammonia and amino acida, a • 

. .,; 
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well al lipophilio toxin. 8uch a. phenols, ~tty acide, and 

mercaptans have 0.11 been !'epc,rted in liver failure (Jame • 

et al., a9791 Chang and \ Lister, 1980, Zieve, 1981, Denii---et 

al., 1983). Furthe~, these ~xins can 0.1.0 alter ~e 

permeabili ty of the blood-brain barrier (Zaki et al., 1983). 

» a 

Uling ,a partial ~epa.:tectomy model of· liver failure, 

Living.tone et al. (1977) demon(~ated that the blOOd-brain/\ 

barrier had become permeable to D-sucrose, insulin, andf. \ 
L-glucose (substances normally prevented from cros.ing the 

blood-brain barrier) in comato.e animal....... '!'he.e resultl 

were recently confirmed using the galactosamine-induced 

fulminànt hepatic failura mode 1 in rats (Zaki et al., 

,1984) • Futthermore, the.e studias 0.1.0 damon.trated an 

increasad b~rod-brain barri:r permeability ~to ~ino acid. 

in liver fail6re. In thi. lame model, ~~. in , rabbi ta, 
-

Horowitz et al. ~983') used radio labelled , isotopes to 
" 

demonstrate a gener l.. or non- specific, increaae id perme-... 
ability of the blood-brain barrier ( in the gray matter) 

Ç
~hiCh prece~d.d the development of overt.encepha10pathy• 

. In other studies, Hawkin. et al. (1983), uaing elegant 
" 

quantitative autoradiographie techniques, have demonstrated 

increaled brain uptake of amino acide in practically all 

regions of the brain during liver failure. 
• 

It was 
, , , 

suggé8ted that increas~d uptaKe pf amino acids May have 
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b.en due to an inorea.e in the tranaport oarrier deneity in 

the cetebra1.capi11arie •• 

1hu. far thia review ha. been limi ted ta permeabili ty 

change. of the blood-l?rain barrier during liver failure. 

Th. question of total barrier breakdown during li ver . 

failure is cont.roveraial (Oueafor, 1983, Cro •• ley et al., 

.. 1983b). Liv~DgatoD. et al. (1977) have reported that 

intravenou. trypan blue (norma,l1y .xclud~d from the brain 

due to an intact' blood-brain barrier) re.u1ted in tot.al 

ataining of tbe brain~ in ,lat.. atage. of liver failure and 
\ 

coma. Ot.hera have not obeerved such changes (Hawkina et 
, 1 

al., 1'83). Differencea in experimentai node1. and time of 

.ampling (i.e. at a particular stage of liver diaeaae) May , , 

aooount for,.uch differenoe.~ In ~e experimenta1 aa we11 

aa clinica1 ai tuation, osmotherapy ( u,ing mannitol) for 

cerebral edema- haa shown b.n~~it in aome but not in a11 

oas •• (soyumpa, et al, 1979, Zimmer1i .et al., 1981, Canale •• 

et al • , 1982 ) • Thi. impliel that oamotherapy may not. 

reduce brain 

barrier. Time 

edema in tho.e caaes'with dama9~d blOOd-brain 

of treatment. (i.e. in early" or terminal_ 

atage of liver failure and coma) May &1.0 account for tbe •• 

observations (Bde et al., 1982). 
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1.5.2.1 Brain B4~~iD Llver Pallure 

Brain ~.ma i. beet d.fined .e an . illerea.. in brain 

volume <f o~~!lg, to an increa •• in it. water content (Pilhman, 

19751 Ràpoport, 1976). Thus, ~e integrity of the blood­

brain b'i.rrier i. the major factor' in the mediation of brain 

.dama. Chemie.al o'r phy.ical ïnjury to the blood-brain 

barriér can ra.ul t in i te pirm.abil! ty chang,. or aven 

total barrier breakdown (Rapoport, 1976). 

Brain adama may be eila •• ified, a. baing eithe, 

cytotoxic ,or vasogenic in origin IIClfao. 1967). Tho 

former implieate. a metabOUc origin (po8.ibly due to 

m.ta~1ic endotoxins etc. ) involving eytotoxic, damaga 
.', 

ta 

. th. membranou. pomponent. of the blood-brain barrier (i. e. 

~apillary .ndo~elium and it. .upportin~ aatroglial cella) 

to cau.e' int;racellular edama. The latter .uggeata physical 

, or tr,aumat'ic inj ury t:.o the cere..,bra). blood v •••• l., cau.ing 

leakage of plasma proteins into the .xt-racellular region of 
• 

. ,the brain-, to re.u~t in extracallular edema\CPigure 1.9). 

The development of brain edama ,ie" , pe~ap. the major 
. 

and JOOst fraquant complication in fulminant .hepatie' failure 
, 1 

(~F) (ware, et al., 1971, ,Murray-Lyon et al., 1975, Ber~ 

and popper, 1978, Ede .t al., 1982). In patianta ft ha. 

been implicatad a. an immediata cause of, daath, poas!bly 

due te un,,"~_.·IIIld. c.r:eb.~<>n (Piro1a et d •• /. 
/' 
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'11'h/or, l', , pigure '1.91 sehematie repre.ente.t1oh of th. deveX ment of 
variou8 typel of brain fldema. "A" dep1ct. the normal 
•. ituation. "B" depiet8 change. in permeability . o~ the 
en~otb.lial cella and tight j Wlationa of the capi11ary wall 
in va.og.nie Brain ·Bdaa. "e" depict. Iwel1ing ·ol the 
endotheUal-, ,glial, and neurona.l aella dur1ng Cytotoxie 
,Brain B4ema (modified from ri.lUDan, 1975). . 
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1969). Racently the davelop.nt of brdn adema has been 

implicate.,d aa a po.aible factor in the pathogeneaiâ of 

hepatic coma (Cro •• ley et al.. 1983a, Gold.tein, 198~). 

Thia,' however, ha, yet to be proven. 

The pathogenesis of brain adema during?HF il atill 
r 

obacure. Injury ta the blood-brain' barrier has, been , 

lugga8tad - to be a primary defect in the genesie of brain ). 

edema (Living.tone et al., l?77J. ZaJd et al., 1983) • osin9 

• 

a partial hapate~tomy model of FRF, Livingstone et &1;/ 

(1977) and more recently Potvln et al. (1984)' have j 

demonatrated increa.et~n the passive permeability of 

8ubstancea normally exel ed from the brain by an intact 
, -

blood-brain barrier. Anothe~ group, Zaki et. al. (1384) hal 

rèported similar °finda. us1ng .the galaetosamine-ind.uced PHF' 

rat modela group. conducted the~r 

experiment.a during the terminal .tagal of, FIW (i ••• Gr;;} 
III coma) and hav~ implicated the exiatence ' 

brain 
. 

thia for adema in stage of 

liver failure. 
/' 

e~iat.nce of a vasogenic rneohaniam for 

brain adama formation is in contradi~.;lon to. exper*-rnental 

and cliniea~ observations whare osrnotherapy using mannitol 
t 

have demonstrated beneficial effects in ameliorating 
( .~ 

cerebral - edema in FRF (Zimmerli et al. i .1981, Canala.e et 

al., '1982). 

j 
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Using a galac tosamine-induced FHF model in' rabbi ts 1 

Borowitt etaI. (1983) have demons tra ted 'permeabil i ty 

changes in the blood-b,rain barrier aven dUring very eari y 

stages (i.e. before the development of -overt hepatic 

encephalopathy) of liver failure. [)9ssible tha t 
~ 

cyto toxie damage to the bIood-brain barrier be 

media ting these changes in barrier permeability. Recent1y 
~ . 
Sada et al. (1984) have demonstra ted tha t serum frotn FHF 

p~tients inhibited rat brain Na+K+-ATPase activity. Thus, 

tO,xins of liver f.ail ure could affee t the blood-brain 

barrier and neuronal celi 'membranes, resul tin.,9- in 

inbibi tion of Na+K+-ATPase ana intracellular edema, or 
, c 

cyto tox ie edema. ,This is as ye t unconfirmed, as no direc t,.., 

,evaluation of the ~,~ity of ~h~ blo~d-brain barrier'~s 

been do.n',during early stages of li ver Ilfai1 ure. 

Thu,s, various groups have examined . the exis tence of 

brain edema in FHF. These studiee were performed during 

, 

• .1 

very eari y or la te s tag~s of I-iver fail ure and coma. "" 

Cont~ed s'tud,ies evaluating' the genesis and development 

of brain edema 'during progressive stages of FHF are lacking. 

,J 

,1 
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'FULMINANT HEPATIC l'AlLURB 

Ii'u1minant hepatic fai1ure haB been, a Bubject 

severa1 recent excellent reviews by ri'nowned specialists in 

the field (Berk and Popper, 1978; S~lk and Williams, 1979: 

saundera et al., 19791 Jenkin. and Williams, 1980: Knell, 

198,0, ::1 Jone. and Schafer, 1982, Williams, 1983). The 

90ndi tion is deUned as a clinical syndrome deve10ping ~s a 

reault ot mas8ive necros18 of liver cel~s in patients with ., . 
no previ~us' evidence of li ver disea8e (Trey and David.on, 

1970) • r-e 18 characterized by progressive ,and severe 
- f 
mental changes. starting with confus-ion . , 
advancing to stupor, co~a and d,..ath. 

varioua. .stages of coma is shown in. 

and 

A 

Table 

often 
~ . 
\. 

grading 

1.3. 

rapidly 

of the 

The 

mortality in FRF 18 high 
, 

and increases with age., FHF i8 

also notable becauae it iB asaociat~d with grosB bio­

chemical di8turbancea. These arise due to not only impair­

mot of hepatic. synthetic processea but also failure of the 

nomal detoxification and excretory functiona of the, liver. 

Apart from, their obvious involvement in the pathogenesis. of 

hepatlc coma, the biochemical malfunctions ~y form 'the 

basis of the variouB secondary compl_i~ations -' e.g. brain 

èdeÏna, ~leedfng, infection, etc.) that frequen~ly occur in 

FHF (Ware et al., 197h Murray-Lyon et al ... 1975) • 
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Lack of reli,~ble epidemiologic data suggests that 

worldwide, the most frequent cause of IFHF in 1:he pa&t may 

have been yellow fever, and that today One of the lDOat . 
frequent causes may be ,hepati tis B (Jones and Schafer, 

1982) • At King 1 s College, Li ver Failure Uni t, the IDOst 

frequent cause of FHF has been reported ta be paracetamol 

overdose, taken wi th suicidaI intent (Williams, 1983). 

Other causes of PHF have been assoê:::iated with acute fat~y 

liver of pregnancy" and other drug related liver injuries: 

, . , , 
1.6.1\ Animal Models of Fulminant Bepatic Failure 

The syndrome of fulminant hepatic fai1ure (PHF) ia one , 

of the most challenging in clinic81 medicine. PHF with 

Grade IV hepatic coma is associated with mortality \rates of 

about BO to 9p percent (Trey and Davidson, 1970: -Rueff and 
~ 

BenhamOn, 19731 Berk and ?apper, 1978). Excluding standard ...... 
intensi va care, there are no general agreements in forms of 

active therapy (start1 et al., 19831 Chang, 1984). Thua, 

in order to gain li better understanding of this, condition, 

as well as eva1uate appro.priate treatment regimens, a need 

- for a'suitab1e animal. model qf FRF is-of utmost importance. 

, . 

f 1 

/' 
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1.6.2 Requirements of an Animal Model of Fulminant Bepatie 
Fulure 

In order to obtain a sui table animal IOOdel of 

fulminant hepatic failure, it is important tç define the 

requirements of such a model. Five basic requirements have 

been described in the li terature (Terblanche et al., 1975). 

1) Similarity to human conditions A select! ve hepatic 

2) 

1esion (in jury) should be produced whi~h gives ris&' tQ 

death from liver failure, after a sui table, time 

inté'rval which is sUfficiently long to aliow experi-

mental investigations to be carried out. The mortali ty 

rate should be comparable to that in human fulminant 

hepatic fai1ure. 

ReversibilitYI The hepatic failure" prodJ~ed should pe 

pOtent~~l1f reve~siblè to enable the ahimal 'to respond 

and recover wi th sui table treatment. 

3) Reproducibilityl The biochemical, neuro1ogica1, and 
• 

'patho10gical (i.e. secondary complications, morta~ity, 

etc. ) , changes associat~d wi th,. FRF, should be 
,', 

consistent among animal g'roups. . 
4) Large animal model,\ The animal shculd ~e 1~rge enough 

to allow for repea ted sampling ( of blOod, etc.) and 

enable the evaluation of exper~menta1 procedures to' be , -
applied ditrectly to man. ' 

'v"'" ,1 
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5) Safety to personnels Any drugs, techniques or' micro-

organisms used should endanger· minimal ris1c to 

laboratory personnel. 

~, 
1.6.3 Availacle Animal Models 

Ba: ical1y, there are two groups of available animal 

models that have been extensively used in the study of 

experimental fulminant hf!patic fallure. These are, 

l) Surgically-induced model of FRF. 

2) Drug-:Lnduced modela of PHI'. 

A third group consisting of virus-induced models, e.g. 

murine hepa ti tis, has not been extensi ve1y studied. The 

contribution of viremi.a and possible neurotropic properties 

of the agent remain to be evaluated. 

,~ 
1.6.3.1 'Sursically-Indueed Modela of Pulminant aepatie 

PalIure 

Among the surgically-induced models of FRF basically 

three types exist: 1) anhepatie model (total hepatectomy), 

2) partial hepatectomy model, and 3) devascularization 

model. 

1) Anhepatic modelBs First described by Mann and Magath 

(1922), this model 'has been extensively studied by various 

groups (Terblanche et al., f975: Livingstone et al., 1977 J 
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Potvin et al., 1984): hO,,"ever, b~cause a total hepatectomy. 

ia performed the roodel doJ nat meet the requirement of 
'" 

reversibility. Furthermore, the absence of damaged liver 

cells mak61 thiB model fundamentally different from 

) 
human 

fulminant hepatic failure. 

2)Partial (two-third.~Bepatectomy: 

been extensively studied in various 

\ 
This model has also 

laboratories (SOllman 

and van Book, 19687 Starz1 et al., 1980; Ryan et al., 1982) 

and has been reported as a sui table model of FRF. However, 

. the absence of damaged liver cells (Le. necrotic liver 
\ 

" 

tissue) wi thin the body makes this model significantly 

different from most forme of human PHF. Nevertheless, its 

reproducibili ty and reyersibili ty make it 
( 

a 8uitable model 

for studying FRF. 

3) Devascularization Model a complete hepatic 

devascularization (i.e. complete deprivatiQn of the blood 

\. supply to the liver) also produces a non reversible model, 

like the anhepatic models, and the graded hepatic !schaemla 

lacks reproducibility (Rappaport et al., 1953). This makea 

i t an 'Unsui table model of FHF. Recently, with improved 

sur9ical techniques, temporary or partial devascu1arization 

has been successfully produced in the pig and other 

- 70 .,. 
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animals (Denis et al., 1983) and has been 

" demona tra ted to 'be a weIl reproduc ible and sa tisfac tory 

/ 

animal model of FHF. 

/ 

1.6.3.2 Drug-Induced Models ~rulminan t Hepa tic Failure 

Among the d~induced animal models of FHF the 1) 

carbon te trachloride model, and 2) the Gàlac: tosamine model 
{ 

have 'ex tans i vely , . studied. Another model, the 

"has aiso been~electivelY 
been 

Dime thylni trosamine mOdel, 

studied. 

1) Carbon te trachloride model: The carbon te trachlor ide 

model tor prod,ucing paF was firs t developed by Trey etaI. 

(1969 ) in the monkey. lt has" now been 

..... --
reproduced i~ severai apec ies includ ing the 

) Ql!'" 

successfully 

ra t and ,- pig 

(van Leenhoff et al., 1974). Carbon tetrachloride produces 

liver damage in b.lo stages in which hepa tocyte necrosis is 

preceeded· by a marked lobular degenera tion • Al though this 

model has been shown ta be reversible, reproduc ibl'8, and 

pres...-en ting fe,a'tures similar to human, FHF, the populari ty of 

thu model is con troversial.· Carbon te trachlor ide is highl y 

vola tUe, making i t very hazardous to labora tory personnel. 

Furthermore, the fact that carbon tetrachloride ia kno~ 
4 

also injure the fungs (by cau,sing pulmonary edema, and 

71-
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reapiratory fai1 ure f, and kidneys makes it unsuitable for 

use as an ideal mode 1 for FRF (Saundera, 1979, Chi.rito et 
" 

al., 1978).. .. 
~ 

~ 

2) Galacta.amine modela The galactosamine-induced FRF 

model is currently conaidered the one whieh most clo •• 1y 

resembles human fulminant hepatic failure in practica11y 

a11 major asPft~ (Saunder;a, ,1979). This model has been 

, well characterized and has been studied in a variety of 
• 

animals at various 1aboratorie. wor1dwide (Dacker and 
... 

~eppler, 19721 Pickering et al., 19751 Blitzer et al., 

1978, Chirito et al., 1978, \l1979,"Hiu et aL, 19837 teki et 

al., 1984). It has been ~8ed exten.ively at' the Attificial 

Ceile and Organe Reaearch Centre, McSil1 University, aa a 

~ PHF mode 1 for the studies of artificial 1iver support 

systems (Chang, 1972, 1975" 1981, ,1984, Chang' and Li.t.er, 

1980, 19811 Chang and Higchel.en, 197a, Chang et al., 19781 

Chirito et al., 1977, 1978, 1979J oixit and Chang, 1981, 

1982, 1985, MOhaini et al. , 1980, shi. and 
,/' 

Chang, 1982, 

1~84a, b, Shu and Chang, 1981, 19831 Tabat.a and Chang, , 

1980). T~e hepato-specificit.y of gal,ctoaamine va. 

confirmed re;;en~~y Bo~owi:-z et al'. (1983) at th" N. I.B., 

who \ conc1usiv.ly demonst.rat.ed that intravenouily 

~dminKtered radiole,pe11ed galact.osamine was tôtally (100 
~b' ( 

percent) t.aken up in the liver within t.wo hours 
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• 

administration. 
, ' 

Virt~ally none' of ~'e hepatotoxin 
, 
was 

- . , 

local~fed in the brain, kidney, or in other organe tested. 

ln brats'J galaetosamine indue'es maximum livJr in jury 48 

hrs. after its administration (Decker and Keppler·, 1972J 

" Chirito et al., 1979). During this time animaIs deve~p a 

characteristic hePat~' eneephaiopathy as~ollo~el ~ade l 

coma -- Lethargie movemente and behaviour, Grade II eoma 
.." 

'confusion, stupor, but 2lwake: Grade III coma -- sleeping 

oost of the time but arousable l occasional convulsions:. 
~ 

Grade IV coma unarousable and unre.ponsi ve ta painful 

stimU1i (Chang et al., 1918). Dea~ follows rapidly after 

this • 
stage, often preceeded by severe convulsions and ... 

behaviour resembling decerebrate r1gidity. Changee in th~ . 
biochemistry, hiatology, and hematology have been deSc~il)_ed 

and closely reaembf1.' human PHP (Blit.zer et. al., 1918, 

Chirito et. al., 1978, 1979). 

The biochemical basia of galactoaamine hepatotoxicity 

lies in i ts metabolislp by tbe hepatoeytea. The prlmary 
... 

~eàion resulta from the rapid depletlon' of hepatic uridine 

nucleQtides (UMP; UOP', and UTP) due ta the formation of 

uridine derivativett of galactosamine. ~a leadr te a 

from detecta secon.".ry leaion whfcb , res\llta in macro-
- .,-~ 

moleqQlar glyeoprotein aynthesia, giving ri.e ta 
,,"" fi-

l progresaive organelli injury (Jpainly in th .. cell plasma 

73 -
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naembrane) and aubsequent c~i1ular neerosia (Deeker and 
" 

Kepler;' .1912, Il-Mofty et al., 1~75 ) • 

,.1 An alternate, concurrent, extrahapatic pathwal' for 

9alactos~ine-ind~c.d li ver nacro.is has also . been 

described (Li.hr et al., 1978). According to thia pathway 
, . .. 

galactosamine ia conat.:gered ta activate a series of extra-

hepatic evente resul~i~g in histaminemia, endotoxemia, and 

complement activation. synergiatically, th •• e mechanisma 

lead ta inflamation and liver oall nacrosi •• 
,...... 

A sUJIIDary 

outline 
c 

of • the po.sible' event. l~ading ta galaetosamine-

indueed hepatQcyte n.ero.~. is ~iven in ~i9ur. 1.10. 

The galaoto.amine-indueed fulminant hepat.ic 'failur. 
<IIj 

mo4el meet. ~ll the requirement. for an ~pp~opriate animal . 
model a. outlined by T.rblanohe et al., (1975) (cf. .ection 

1 

1.6.2 'above) • I~ 8ub.tantially rèpre.ent. human PHr in ~ts . ' 

s 

c1inioa1 and biochem!eal .. nifestation., it ie reproducib1.. 

and potentially rever.ibl~, and not hazardou. ta labOratory 
K 4 

personnel. 
l, 

3) Dimethy1ni trosamine . model. !he description of thi. 

model for the stùdy of liver failure va. tir.t reported by 
• 1 '. 

Barne. and Mage. in 1954. sinee then dimethylnitro.am~~a 
/ 

has been shawn to be a seleotive hepatotox.!n' which produce. 
, 1 

, ' 

acuta c,ntrilpbular nacrosia of the li~er in a variety of 
• 1 , 

animal. inelu4ing mica, rata, quin.a pig., rabbit. and.dog. 
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G'ALA·tTOSA~INÉ fNOUCED FULMINANT HEPATIC FAILURE 

CLOSEL y RESEMBLE8 HUMAN FHF, 
PAIMARY .LESION 18 CONNECTED WITH METABOLISM OF GAL N , -

MEMBRANE INJURY SECONDAAV TO AL TEAATION OF 

rAL N .'NDUCED' BIOCHEMICAL ~EFECT IN G ... L .... CTOSE. P~THW ... V" 

-1 

PRIMARY LESION: GAL N - GAL N 1 PHOSPHATE - "-
FORMATION OF UDP DERivATIVES OF GAL N- • - - ... 
DEPLETION OF liEPA TIC UTP .UDP-GLUC08E, , 
UDP-GALACTOSE .\ . 

SECONOARY LESION: DEPRESSION OF URACL NucLEOTlDE-DEPENDeHr 
elO8YNTHE818 OF MACROMOLECULE8 (NUCLeIC ACID. 
GL YCOPAOTEINS. GL YCOUPID8 IN MEMBRANES. 

. 

Gl YCQGEN) - ORGANElLE INJUAV IN VIABLE CELLS . 
--'. NECROSIS OF THE'-UVER 

-
ALTERNATE (eXTRA HEPATOCELLULAR) PATHWAY: ' 

GAL N. - -_1 DEORANULA liON OF MAST' CELLS ::""'0 --

HISTAMINEMIA __ a EDEMA PF COLON WALL 

ENDOTOXIN ABSORPTION --'. ENOOTOXEMIA 
'\ 

COMPLEMENT ACTlVAnON . . • ~FLAMMATION • , 

UVEA CELL NECR0818 

Plejure 1.10 t A sultltlary outline of the possible avents 
involved in") galactosamine-induced hepatocyta neerosis 
J)ecker ~d Keppler_, 1972: Liehr et al., 1978). 

... 1S 
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, (MadcSen ~t al., 1970, Levy, 1976, 1977). When adminiltered 

~ 'intravenou.ly, in a '8ing1e bolu." d~ethYlnitro.ami~e 

• produced uniformly lethàl fulminant hepatic failure in 
1 

, -
doge, w!th survival t.ime of ~pproximately 24 hours (Ku.ter . 
~nd Woo4., l~). However, wh.n or~lly adminiatered,' 

• 4 

dim.tbyln~ troaamine produce. hb't.olog;i.ca1, biochemical, and 

physiologiea! 'diet.urbano •• resembling , thoae ' commonly 

obaerved in pa,t~.nta with advanc.~ cir~hoai. (~evy, 1976, 

1,977, MadcSen et ,al., 1970, MortiE. et ,al.,. 1973) • Thue, .. 
, . 

mor~ recently, ~±.,mod.l lias ext.ensively been eva1uat.ed as 

a )DOdel 'for hepatic cirrhoab and aeci.tes (Levy, , 1976, 
, -

1977, Levy and Allot..y, 1978)'. ~. auitability of uaing 

the dimethylnitroeamiQ. model for etudyi'ng fulminant 

hepatic failure require. DIOre animal 

charaeterization~.artd critical evaluation. 
'. 

The gal"ctosamine-induced FRF model in the male Wistar . 
rat was usid :J.n ~e present study for the rraasona stated 

, above.-' Furthermore, thi. model is well characterized and • 
has been extenai valy 

inve8t.i.9a~ions 

, . 
at the 

studied a8 part of the ongoing 
~ 

AX'ttficial Cell and organà Research 
, , 

Centre of MCGi~l Vniversity (Chang, 1972,~ 1975, 1981, 1984, 
, . 

Chang and Liater, 1980, 19811 Chang and Migcbels.n, 1973r 
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Chang et al. , 19787 Chirito et al., 1977, 1978, 1979J Dixit 

and Chang, 1981, 1982, 19857 Nohaini et al., 1980, Shi and . 

Chang, 1982, 1984a, b, Shu and Chang, 1981, 19831 T~ta and 

Chang, 1980) • • 
• 

"1' 

1;1 ' 1 AINS AND OBJEC'1'IVIS 
, 

The aima and objective. of the pre.ent. atudy "!Ire a. 

followaa • 

1) 
... 

To obt.ain further basic information regarding phy.ic~l, 

b!oQ)1emical, land . histologieal . ch~ng.e fo110wing 

9a~actoeamine-induced hepatocyte in.jury in wiatar rata 

during varioua gradee of hepatic coma. 
~ , 

, 2) '1'0 inveetigate the effect. of pro_tag1andin B2 on -hepatoaytea fo11owing the development of ga1actosamine 
. 

induce6 hepatocyte injury. 

3) Pundamenta1 st.udies on the eVQI ut!Qn of brain edema in 

galactosamine-in~~ced PaF are lacking. Thé present 

"* ) 
,\ study was' inten~ed ta obtain basic information 

regarding the changea in the b1ood-"brain barrier and 
, 

subsequent evo1ution and d~velopme~t of brain edama in 
d 

rata fo110wing galacto8amine-induce~ 'liver in jury. 

4) 'TO finvestigat.e' the èf~~~t8 0;, PG.B2 admini8tr~tion on 

the blood-brain barrier and the development (i... the 

progre •• ion) of brain &dama in Fat. following 

galactosamine- ind"uced he.pa tic inj ury • 
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2.1 ANIMAL MpDBL, ' 
7-, 

A r galaetoaamine-induced fUlminan,t hepatic failure 

(GalN-FBP) rat model waa uaed in the fo,llowing stu4Y. Thia 

model ia weIl characterized (Deelter and JCepplel'" 191.21 

Liebr 81: al., 1978: 

extensively etudied at vuious centres 

1979) and haa been ., 
world-wide (alitzer 

~, 

et al, _ 1978 ~ Chiri ta et al., 1979 J Niu et al., l,à3: Zaki 
~ 

et al., 1984).~' Galaetosl!tlDine (GalN) is a high1y' specifie 

<1 hepatot6xin whieh. haa been shown to cause a selective 

~epatiti.-li~e liver injury in various animal modela , 
(BUtzer et al., 1978, Chi;ri t.o et Recent 

studies invo1 ving 'lntràvenous administration of ràdio-~ 

labeUed (14C) galaetosarnine have now conclusively 

d~n8trated the hepatospecificity of th~'. drug., virtually­

'100% of the injecteq GalN l'is ,removed from the circulation 

and i8 sequeatereci. in the liver within 2 hours of infusion. 

At thi. Ume - virtually Jlone of -the 

• sam!ne was detected ~in other organe 8ue 

'the brain (Horowitz et. al., 1983). 

induces a consistent1y reprOducibl~ 

injury and is generally regardeci. as 
.... 

reaembles human drug ..... j,nduced PHP and 

. necroais 1Saundera, L979). 

.' 79 -

adiQ1aballed ~alacto-
, 1 

as the - k~dn'ey or 

'!'hus <Ja1actosamiri~ 

model - for hepa tocyte 
~ 

one that c~o8ely 

" 

vi~al hepatitis with 

", 
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Par a given . strain of animal, GalN ,shows 

consistently reproducible dose-effect rerationship with 

~:gard' to hepa tocyte in-j ury'. In. addi t:on, the dOlage of 

~lN required • ta 30duce th,:,. sam. dagué <>f hapatocyt~ 
in jury is inveraely proportional 'ta the age (weight.) ,of the 

1 

/ 

, 
animal (Decker and Keppler, 1972) • 

\ 

2 .1.1:. preparation of' the Galactoaaùdne-IDduced Fulminant. 
Bepatic Pailure Rat Mode1 for the pre.ut stuc!!e. 

ln all-o~ the ·e,xper imenta (unI ••• otherwiae etated) , .... ~ 

63-77 day old (9-11 weeka) male wietar rata (Canadian 

·Breeding . Farm and La~ra tories Ltd. , Mont~eal) weighing 

" 1 

appro~:ely 210-300g ( 279.4g + 3. 21g, meàn + SD) vere - - , 
u-led. - Be,cause of the age-doae relation.hip of GaIN (Decker 

and pop~r , 1972) , 
iO-, 

i t was neceasary ta strictly ad~ere to 

age/wight range in order te> enaure a consiatently 

reproduc~ble liver .tnjury. Fsmale rats were 'ex.clQ8ed from J 

th-eae studies' because GalN 

hepatotoxic effect durHlg the eâtrus oycl~ (P1ék.x:.!ng et 

" al., 1975). 

, " The dos.~qe of GaIN used in the fol!o.ing' experiments 

(' was 850 JJl9 GaIN/kg body weigbt. Thia dosage W8S opt~al in 

producing a' mcirtality ~ate .of 701 in, the experimental 

animals descr!bed above. 

. . 

.. 

" 

) 
" . 
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• 

AIl animafs were housed at' the animal room facili ty of 

the Artificial Celle 

University. Standard 
, ~ 

and Organs Research Centre, 

site rat ca9~s were used: one 

~CGi11 

rat per 
/ 

% 

cage. Al1 animals were allowed a standard purina ,Rat Chow ' 

(Ralston purina Co., . U. S. A.) diet with wat,er ad J,.ibitum. ' . . 
Liver injury ws induced 

\ 
sitlg1e intraperi tonea by,a 

1ibi tum. The ambient tempe rature was maintained at a11 

timea at 250 C. 
1 

2.1. 2 prepara,tion of Galactoaamine 

Just prior ta injection, 1 D(+) galactosamine 

hydroehloride (GalN) ',(Sigma Chemical Co., ~t. Louis, Mo., 

U.S.A.) was di8so1ved in 300mM sodium chloride (isotonie 

-saline) , 
!' 

the pB was . ad j us 't;.ed to 7.4 with 2.SN sodium 

hydroxide and then saline was added to obtain .,a final 

concan tra tion of 400mM Ga1N, (85 mg GaIN/ml saline) • 

of G04actosamine 

a~sess 'varying degrees, of GalN-induced 

hepatocyte inj\lfY and neero'sis, a d~)fJe response B~dy Q.f 

GalN ';r(as carried out. Male Wistar rats we'i9hiJ, 270':'3009 

• 
- 81 -
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(i.e. 63-77 days 010) were used in this study. GalN doses 

ranging from 650-1250 mg/kg body weight were injected 

intraperitoneally into the
4 

rats in order to test the 

varying extent of hepatocyte in jury. 

Hepatocyte in jury was measu~ed, as a function of 

mortality (or its reciprocal, the survival rate). That is 

to say the greater the liver\ injury' the greater the 

mortality • A mortality rate of 70% produced a potentially . 
reversible model for liver injury while allowing ~the animal 

to be large enough to facilitate repeated b100d sampling 

• 
(Chirito et al., 1977, 1978: Chang e1 al., 1978). On the 

...\ 
basis of this dose response study, a dosage of 850 mg ~ 

GalN/kg body weight was adopted for subsequent experiments. 

2.1 .. 4 Age-Doae Relationship of Galactosamine 

The age of the animal ~d the dose of GalN' used are 

critical factors in GalN-induced hepatocyte in jury. Thua, 

in order to min±mize ~e amount of GalN used while still 
" . 

maintaining an optimal' size of the rats (ror s~pl{ng, 

etc. ) ,- i t \fias impJrtant to estab1ish a proper age-dose 

response for the model used[ in these experiments. 

As part of the present study, the age-dose 

re1a tLonship of Ga"lN was assesse(il. to further characterize 

- 82 .- \ 
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the present GaIN-FRF rat model. This rela~onship was 

evaluated in two different ways as follows. 

2.1.4.1 Degree of Bepatocyte Injury Constant 

In this set of experiments, the age-dose relationship 

was assessed while keeping the mortality rate constant. In 

these experiments the dose of galactosamine was varied 
, , 

while maintaining a mortality rate of 70% in different age 

groups of rats. 

2.1.4.2 Dose of Galactosamine Constant 

In these e~eriments, the dosage of GaIN was kept 

constant at 850 mg/kg body weight. At this fixed dosage, 

• the qegree of GalN-induced liver injury was assessed in 

-- different age groups' of rats. N.B. IJ) _ this and 

subsequent discussion hepatic injury has been considered a 

function of mortality (due to liver in jury). Also sinee 

age and body weight are so intimately related, 1 have, for 

ease of discussion, used the rat's body weight when 

referring to the various age, groups of rats. Table 2.1 

gives age-weight conversions for the "Wister rats used in 

these studies. 
, 

- 83 -
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Table 2.1 

Growth Tables· 

Species Wistar Rats 
Sex : Male . ' 
Supplier: Canadian Breeding Farm and laboratories. Montreal 

Days 21 28 35 42 49 56 63 70 77 84 

Age 
, Weeks 3 4 5 6 7 8 9 10 11 12 

Body weight (g) 35 65 HlO 140 185 225 260 285 300 325 

• Adopted from Canadian Breeding Farm and Laboratories Ltd •• Montreal. 
Quebec. Canada, Customer Service Catalogue. 
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2.1.5 Galactosamine-Induced aepatic Injury and 

Accompanying Ne~ologica1 Changes 

Ga1actoBamine induced liver injury (FUF) has been well 

documented in variou8 animal models (Oecker and Keppler. 

1972, Pickering et al., 1975, Slitzer et al., 19787 Chirito' 

et al., 1979). In the rat model maximum liver in jury, as 

aS8e8sed by biochemica1 and hi8to1ogical. evidence, occurred 

4g hours after GaIN injection (oeckef- and Keppler, 19727 .~ 

Chirito et al., 1979). At these times the major secondary 

complications of FRF (Buch aa neuro1ogica1 impairment 

(cpma) and bleeding complications) .."ere • a180 evident • 

development of. hepatic coma' in the Ga~N .. PHF model. ha8 

already. been d~Bcu8sed in the previoua chap~er (Table 1.3).-

Sriefly, the anima1s develop a characteristic . , 

as folloW8: 

Grade 1 Coma. Lethargy 

Grade II Comas Confusion and .tupo~~. 
but awake . l 

Grade III Coma 1 Sleeping JIIOst of the tilDe, 
but arou.able. • 

~ occasional convulsions. 

-Grade IV' Coma. unarousab1e and unreaponsive 
ta pain. 
OCcalional· convulsions. 

85 

./ 

hepatic coma 

J 24 bour. 
- a~ter . oaUl 

injection 

48 'bour. ~ 
after GalS 
injection .. 
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• 
The firet clearly distinct SymptOMS, of neurological . 

deterioration are - apparent approximately 48 hours after 

GaIN injection when the animaIs. are in Grade II coma. At ... 

tllia stage maximum ~iver in jury, due to GaIN, has also 

taken place (Chirito et al., 1979). Grade If hepatic coma , 
ia rapidly followed by Gr~e III and Grade IV hepatic coma 

aa the rat'a level of consciouaness (arôu8~1) deterioratee 

precip~fouSly. Death finally occurs within 4-6- hours 

bhe ota,et of Grade II hepatic co~. 
after 

In the- present atudy tWis deterioration of conacioue-

neaa, aa a result of GalN-PaP, ha. been quantitativ.ly 

assessed"'as a function of time after GaIN injection. ' 

2.1.6 A ••••• m.nt of Galac~.amin.-'Induced Liyer Injury 

As previously mentioned, neurological imgairment (i ••• (' 
the development of hepatic coma) i. the hallmark of FHP due ( 

to acute liver injury (Rueff and Benhamc:tu, 1973, xnell, 

·1980)r -An intima te inter-relationehip also exista betw •• n 

the aeverity of GalN induced 1ivèr injury (GalN-FRP) and 

the deterioration of bonscioueness/arousal O .• e. 

development of hepatic coma) in this animal mo'del (Cha~g ~t 

al., 1978, Ede et al., 1982, Cro •• lay .t al., 1983,' Schaf.r 

etet al., 1984:). 1 The aeverity tof Ga1k induced liver in jury, , 

~8 j\i1ged by histological, biochemical, and BEG paramatar., 
, 

f 

o 
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ha. been shown to correlate well with the, development of 

hePaJr-fc coma in thi. animal model (Chirito et al., 19781 
1 

Pappaà .t al., 1984, seda et al., 1984). ThU8 the grade of 

coma' can be regard_d as a convanient non-invasive technique 
~. / 

ta eatimate the aeverity of GalN induced livar injury. 

r In thi. thesis, the .everity of liver fnjury vas 

estimatad fram the animal' a grade of coma.· Grade 1 hepetic 

coma is very difficult ta a~curate1y detèrmine in the 

GalN-PHP rat model. It represents a stage 24 hour. after , 
GalN liver injury. At thi. tilDe maxu\ulJI.\ liver' injury has 

not . yet taken place and it ie possible for the animal ta 
// 

-~~neoualY reco!er. Galactosamine ,inflicts maximum. 

injury 48 hours ,after injection (Decker an~ Kepp1er, 1972, 

Chirito et al., 1978). At this time the majority of the 
1 

animals ~re in Grade II coma- (Chang ,et al., 1978). Thus 

~Grsde II coma repre.ent. a .tag~ of maximum liver. injury in 

th!.' animal model. Grade. III .and IV h~patic coma 
\ 

, represent the ~erminal stage. of this ~imal 'moder. During 

th •• e te~na1 stage., maximum li ver 

~rious • ondary complications due , 
diminished function~ng liver biomasse 

in-j ury re,u.! ts in 

te a severely 

Oeath usua11y en.ue. 

Grade'IV hepet~c- coma and is often preceeded by aevere 

convulsions and 10.8 of responae to any .timuli .. 

" 
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ln thi. project the GaIN-FRF rat model has b.en 

further characte~ized additionai basic 
. 

information regardtng the physiological, biochemical , and 

bistological changes which occur during various stages of 
~ GaIN induced Liver in jury. Brain adema, a major aecon~ary 

complication in 'FRF, 'waa 'also studied. sample. frôm the 
e 

bIOOd, liver, and brain were obtained 'at varidus coma 

stages for this 'purpose. The detai~.d methodol09~ for the 

var,ious techniques and ;r~cedure. that were employed hav;,e 

beeïfdeacribed in relevant sections of thi. chapter. 
1 ~ , _ 

, < 

2.2 PROSTAG~IN SfUDIIS 

The hepatoprotective'effect8 of ~E2 'a9ain~t variou~ 

hepatotoxins including GaIN has 'been weIl documented 

(stachura et al., 1980, 1981, Ruwart et al.~ 

1981a,b, R~art et al., et.' al'., 1983) • 

However, it i. as yet 8till unclear whetber PGE2 ha. any 

hepatoproteetive or other benefieial effects ~fter the 

development' of GalN induced bepati:c:: lin jury 
~\ ~ 

and 
,... , 

ensuing. .. 
, 

coma. The prostaglandin (PG) studies in this thesis 

'involved the investigation of, the effects of PGE2 on 

GalN-PHF rats after ma~imum GalN indue éd hepatocyte injury 

had a1rea.dy occutred. Becau8e of the - intimatè J,iver-brain 

"interrelatio118hip following massive hepatocyte qecro8ià - \." 

, . - 98 
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(mp'~, the following experiments were designed ta study the 

effect. of PGI2 on bath these o~9ans. 

2.2.1 Preparation of proataglandin'Z2 

prostaglandJn 

Louis, Mis8ouri, 

12 ( PGI2) 

U.S.A.) was 

(é1gma Chemioal 

di880lved in 

co., St. 

300mM sodium 

eb~Qride to obt.ain a final concentration of 700mW PGI2 

(250 ~9 PGl2/ml saline). ,A freah 801ution of PGE2' w&s 

ttrepared "juat prior to use. In ,~e'p~esent experiments 

PGE2 wàs injected intraperitonealiy into Grade ~l coma 

GalN-FSP rat. at a dOSAge of 100 

of rat. 

Jlg body weight.' 
\, .. 
tL 

2.2.2 Do.~-R •• pon •• of~pro~t.a91andin B2 ~ 
-- 4 . 

Tb- optimal d08age of PGE2 was determined by observ~ng 

~t. qose-reapo~~e. affect Qn', GalN-FRP 

hepatic co~. Any ~gn~f~cant effect. 

rat.. in Grade 
1 

of PaE2 on 

II 

the 

,Ga1N-I'HF rats wOulél - ~ be reflecte~ as a~at.i .. t.ically , 

aignificant'changea in the survival ~ime or survival. rate 
, 

ox the PHP rats. 
l' 

ln . these 'experiments, surviva1 time has been de~ned 

the dura.;ion', of t.ime (in hours) . ,the rat. i8 a'llve 
, .. 

. , \' 
,following GaIN inject.iqn. Th'e survival Rate (,), i.· defined 

~ ,-'" , ~ 

as' the petcentAge of animals that survive fOllOwin9 ,GalN 

indueed 

f 1 ~ 89 -
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, 
h,patoc~e necrosis. The overall survival rate for a given 

gtoup of animaIs was dete~ined as folloW81 

• 

, Survival Rate ,(for a given group) 

Humber of animals that recover following GalN-~* x 100 
TOtal number of GalH-1'B!' animale 

• animaIs alive and free from coma at 96 hours after 
injection of GaIN. 

The aurvival rate, for a given ,age/weight range, is a 

• func:tion of 
. ~ 

the 'cile,gree of hepatocyte in,jury (i ••.• dosag8 of 

GaIN). ~In the present expertment, the do.ag~ 'of Ga~N wa. 

caref~lly adjusted ta obtain a 'su'rvival- rate of 

approximat.el,Y 301 (Mortality rate of 70\). t 
Controlled experiments were carr!'ed out using GalN-FHF 

rata, in Grade II hepatié coma. For each experiin~nt, ,the 

rata were randomly divlded'into treated and control groups 

·containing 8-1~ rats each •. The former received intra-

peri toneal injections of PGE2 wh,ile the latter received 
4 

equivaient volume of saline. Resul1=-a w9re tabulated from a 
, -'mean of 3-6 experiments for each of the following doses of 

The following doses of PGB2 vere tested: 1) 1 p.g 

PGE2/l00g body wt.o1 2) '10 P,g PGE2/100g body wt.;' 3) 50 ""g 

PGE2/l00g body wt.r 4) 100 p,g'PGE2/100g body wt~1 5) 200 P,g 
\.. . ..." .. 

PQE2/l00q body wt. 
j , 
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The PGE 2 wa.a freshly prepared in physiological saline 

". (300mM NaCl: pH 7.4) just prior to use. The PGE2 or saline 

was administered intraperitoneally. 

2.2.2.1 Effects of Prostaglandin E2 During Terminal Stages 
of Gal~ctosamine-rnduced Fulminant Hepatic PalIure 

T-he effects of PGE2 on thé survival time and survival 

ra te were' observed in GaIN-FRF animals durin~ la te stages 

of liver inj,u~:'Y. In the present study, Grades III and IV 
~ 

hepa tic coma are coneidered to be la te or terminal stages 

of 'GaIN-FRF. Prostaglandin E2 (100 ~9 PG~~OO g body 

weight or, equivalent volume of saline) was intra-

peri tonea11y injec tad in to GaIN-FaF ra ts in Grades III and 

IV hepa tic, coma. Survival time and survival rate 

statistids were reqorQed as dascribed above. 

L 

2.2.3 Expar-lmen ta1 Pro tocol 
l , 

The f01lQwing experimental protocol was designed ëo 
) , . 

s tudy ti}e . effec te of PGE2 Oll the liver and brain' o,f' 

GaIN-FHF ra ts Grade II hepatic coma. Grade l coma rats , 

were excluded trom the study because it represents a very 

.early 

PGE2 

been 

1981: 

• 
stage of G.i1lN 

in early stages of 
---. 

induced 

ilepa tic 

l,iver injury.' ThE! effects of. 

inj ury', have also 'ûrf!cent1y 
-

demons tra ted (Stachura et 1 ~1.," 1980: Ruwart et a,l., 

M!yazaki' et ,al., 1983). Grades III and IV COma FaF 
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rats were similarly excluaed because they represented a 

term~nal stage of FHF. 

FRF was indueed ip (;;'ie 
./ 

wistar rats as described 

earlie{. ' 'To ensure( bat~h to batch uniformity, animals in 

Grade II coma were i4entically matehed and paired. One rat 

from each pair ~as then randomly seleeted to reeeive either 

PGJ~ or an ~quivalent volume of saline as control. , All 

anima los were sacrificed by d~c:apitation (or by 

glutaraldehyde fixation in eleetron .m!eroscopy studies) at 

either 4 or 8 hrs; after PGIl or saline injection,. Blood 
1 

·biochemistry, and brain and liver histolqgy ,were also, 

carried out at these times in both· the PGI2 and saline 

injected FRF animals. At these specifie times, cha~ges in 

brain water content and brain tissue ,swelling were also 

determined in 'the experimental animals by"... standard 

. procedures and have been deseribed in the relevant section, 
1 

of this theais. Sinee the, 'development of' brain edema ia 
-

regarded as a hallmark featur~ of FHP from a variety of 

etiologies, the integrity of the blood-brain barrier was 

also determined in the .PGE2 and saline injected animaIs. 

Th~ var~ous blood and tissue (liver and brain) samples were 

grouped as f~wsz Group A -- Normal control (no GalN): .' 

Group B -- Grade II coma GalN-FaF rat· (just prior to 'P012 

~r saline inj~+on, i.e. 0 hours): Group C -- GaIN-FRF rat 
<1. 
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4 hrs. after saline injection: Group:D -- GalN-FHF rat -

4 hrs. after PGE2 injection: Group ~ GalN-FHF rat 8 

hrs. after PGE2 injection. No samples were obtained for 

the saline injeceed rats at 8 hrs. becAuse there vas no 
". 

survival of these rats at this' Ume. 

As an ad j unct to the PGE'2 
. 

studies, similar control 
. 1 

ex:~riment8 were rats 'with using conducted GalN-FHF ... 
irtcreasing severity of hepat~c injury (i.e. Grades I-IV 

bepatiè: coma). As, ",as for the PGE2 ,studies. similar 

measu~ement8 were made to evaluate the nature,of GalN-FRF 

and its ensuing secondary complications. 

&LOOD BIOCHEMISTRY AND LIVER ENZYME ANALYSIS 

1 .. 

A standard, rout~ne, serum b~ochemietry analysie was 
" -

performed using a sequen.tial Multiple Autoanalyzer vith 

Computer (SMAC) (S;MAC, serial. 1367, Technion Instrument 

Co~p., T..arryt.own, New York, U.S.A.) at the Oivi.don of 

Clinical Biochemistry, Royal victoria . Hospital, Montreal, ~ 

Canada. ~At specifie times (i.e. in yarious grades of 

hepat.ic coma during Ga1.N-FHF, or at "0," "4," and "S" hrs. 
~. 

after ~E2/8aliné injection -- described &bave, cf. 'Section 

2.2, blood 8ampl~s were obtained ,from ~iurn pentobarbitol 
-/ 

1 

a 

." 
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. , 
anesthatized animaIs, by heart puncture. The blood was 

1 

allowed to ~lot in glass tubes. Following retra~tion of .. 
,the clot, the tubes "lere ce[\trifuged - (at 12, OOOg for 5 

. 
minutes) to obtain 'the serum. Five hundred microlitre 

aliquots of serum sample were trans ferred to 1.Oml 

polypropylene Eppendorf tubes J wrapped in aluminum foil, 

and immediatel~ taken to the Royal victoria Hospital for -analysis by 'the SMAC. 

3.2.2 Liver Enzyme Analyaia 

Serum ~amples were obtained as described above. Serum 

samples were ~ediately refrigerated and analyzed, withi~ 
) 

3-4 hrs. of sampling, for the following li J-br "n.zymes ,: l ) 
f 

Aspartate aminotransferase (ASAT/GOT, EC 2.6.1.1}r 2) 

Alanine aminotransferase ~ALAT/GPT, EC. 2.6.1.2): 3) 
1" 

Alkaline phosphatase (Alk., P., BC, 3.1.3.1)7 and 4) Lactic 

dehydrogenase (LDH, BC 1.1.1.2?). 

- measured by SMAC (described above) • 

Alk. P and LDB w~re . 

ASAT and ALAT were 

measured using commercially available kits (Boehringer 
, « 

,Mannheim GmbH Diagnostica, Mannheim, West Germany). 

2.3.2.1 A.8~Y System For ASAT and ALAT 

The assay system for bath ABAT and ALAT involves a 
, 

_colorime~ric determin~tion (by spectrophotometer) of the 
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decrease in level of NADH, in the assay medium, at 340'mm 

(Berg.mey.r et al., 1978). Th,.assAY reaction is as follows: 

.I 1) for ASATz 
"\ 

\;. 

ABAT 
(GOT) , 

a-oxoglutarate + ~-a.par~te'< ,L-91utamaterxaloacetate 

oxa1oacetate + NADH + a+ <'-» L-Mala te + NAD+ ., . 

MDH& Malate dehydrogena •• 

(2) for ALATa 

ALAT 
(GPT) 

< , L-glutamate+pyruvate ~-oxoglutarate+~~lanine 

LDB 
pyruvate+ HADB+S+ ~<==>; L-Lactate+ NAD+ 

LOB 1 Lactate dehydrogena •• .. 
The rate of consumption ot NADH, as absorbanee change 

par minute, was measured uaing a, Beckman DB~9T Grating 

Spectrophotemaeter and Beckman 10 Il, Chart Recorder (Beckman 

Instruments Ine., Fu11erton, 'Ca., U.S.A.). 

2.4 LIVER AND BRAIN BISTOLOGY 

Light ~Qd eleètron microscopy . , 
, 

(LM & EH) studies were 

carried out ~ study the histologica1 changes occu,ring 

during progressive .. -stag~s of GaUt-FHF (i.e. Grades o-rv 

hepatic coma). Detailed tissue histology (LM/EN) of the 

- 95 -
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liver and brain 'lias also carried out on the animals used in 

the PGE2' studias. At various stages of GalN-FHF (Le. 

Grades 0-1'/ hepatic coma) and at specifie times during the , 

PGE2 studies ( Le. 0, 4, and a hrs. afte!' PGE2/ saline 

injection) , the animaIs fixed for qJ.stoloqy -\liere as 

described belo\li. Uniess 
f 

otherwise indicated, all tissues 

(liver or brain) were handled and fi*ed in a similar 

fashion. All the antmals used in this study were fixed for 

histology while they were still alive. 

2.4.1 Light Micro.copy 

Light micror.copy studies were carried out u8in~ .. 
standard laboratory histo1ogy techniques (Emme! and Cowdry, 

1964) • Briefl;:---'" the samples (liver/brain) \liere oollected , 

from the animals immediately fOllowint -~j!ecapitation by a 

guil.1otine (Harvard Apparatus Kent, England) • 

Samples of liver tissue (approximlltely SD'J x 5l1li1 X 21t11l in 

size) were dissected, r.insed in isotonie saline, and fixed 

in Carnoy' s Fluid (Willey, 1971) f~r_ 2-3 hrs. The brain 

tissue was excised by cracking open. the cranium w!th a pair 

of miniature bone cutters. After a D'rief rinse in isotonie 

saline (to remove any blOOd and debris) the whole brain was 

fixed by immersion in Carnoy' s Fluid for '2-3. hours. 
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Following fixa,tion, the. tis'sue (li ver and brain) was 

processed through a series of dehydration, clearing, and 

paraffin impregpation steps usin4l the Fisher Tissuf;!IIlation 

tissue processor (Fisher Scientific Co;, Montreal, 

Canada) • This ia an automated tissue ppocessor r'equiririg 

the following steps: 

1) 70% ethanol - 1. 5 brs. 

2) 80% ttthanol - - '1.5 brs. 

3) CiO% ethanol 1.5 brs. ' 

4) 100% etlilnol-I - 1. 5 brs. 

S) 100% ethanol-II ' - 1. 5 MS. 

6) 100% etha.nol-III '- ' - 1. 5 brs. .. , 

7) 100% ethanol and 100% xylene (1:1 ratio) - 1.5 MS. 

8) 100% xylene-I 'i'S w - 1. 5 brs. 

9) 100% xyl:ene-II - 1. 5 bra. 

la) 100% 
\ 

xylene-pI ~ - 1.5 brl. 

11) Mol t.an pa.raffin ,wax l - 2 hrs. 

• , 
12 ) Mol tan paraffin wax II 2 bra. 

1 1 . 
After step 12 (above) the tissue \!Tas removed from the 

.~ 
machine and eniOedded 'in fresh using Thermo li ne wax a .-
PD-1l6~SE (sybron Corporation, Dubuque, Iowa, U .~A.) 

" 
paraffin dispenser. 

'" • 
~ 

/ 1 
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The tissue blocks were fine trimmed and eut lnto 5 

micron thin sections using an American Optical mode l 820 

microt~me\'(American optical Company. Buffalo, N.Y., U.S.A.). 

The slides were stained using oelafield t s Hematoxylin 

and Eosin y. staining techniques (willey, 1971). 

2.4.2 Electron Microscopy 

Ultrastructural observa t:ions of the liver and 

different regions of the brain were assessed in normal and 

comatose GaIN-FRF rats in progresaive stages of Ij.ver 

necrosis. Similar observations were also carried out in 

the PGE2 studies a t the specifie times (1. e • 0, 4, 8 hrs. 

afte~ PGÈ2/saline) described aboYa. 

. Using standard vascular perfusion techniques (sayat, 

1970), . .animals were fixed using 3.5\ 9~utaral.dehyde in O.lM 

sodium cacodyla'te buffer, pH 7.4., Each perfusion, via 

heart puncture, - was carried out for at l.east 20-25 min • 
. 

using a Gilson Mitlipuls ~, periata1tic pump (Gilson Médical 

Electronics, Villiers le - Bel, France). 1he flow rate for 

the fixation was Iml/min. The liver was perfused via a 

separate dannula inserted Jtnt.o the portal vein. 
! . 

, 
Tci'" en'Sure complete tiss'Ue fixation, samples fr.om the 

li ver, cerebra). cortex, cerebral white matter, cerebellum 

a-nd brain stem \tere re- immersed in ~8h ice-cold 
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glutaraldehyde for a further 2 hrs. This was fo~lowed by' a 

2 h~s. post tixf1tion of the tissue in ice-cold 1% ~iW1l 

tetroxide in O.lM soc1iwn cecodylate buffer 1 pH 7..4. Osmfum 

tetroxide ie a strong lipid fixative and is rapidly 

degraded by room light. The substance ia highly, toxie and 

volatile.. Extreme precautions were taken to emlure the 
4 

fixâtion was carried out in the dark and under a ,well 

ventila ted fume hood. 
, 

Pol~owin9 fixation, the tissue samples 
1 

were dehydrated 
~ 

in pro9~e'8ively incr,eas:Lng ethÂnol concentrat.ions as wu 

dQne during, tl'te light microscopy sample préparation. After, 

dehydratiol) the tissue samples were finally embedded in 'l'Ow ..J 

,viscoàity Spurr plastic resin (J. B. EH Services, Montreal, 

Canada) and cured at 700C for a qdnimum 'of 14 hrs. 

Ultr)lthin "silver" sections (0.07 m) were'tl ,obtained 

using' a LKB ul tramicrotome .JUId diamond, knife • Tissue 

Bections 'wen finally post àtained wi th 4' urany! acetata . . , \ 

and Reynolds' lead· ·citrate and examined under a Phillipe 

"410 electron microscope. 

Brain edema is best defined as an increase in brain 

volUJ1Ïe (i.e. brain 8welling) 'owin'il to an 1ncrease in ita 
, ..... 

water content (!"it~n, 1975', Rapoport, 1:976")., Sinee 

..... 
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c.rebral edema is now a~knowledged aa a major manifea~ation 

and primary cause of death in' patients wi th FEIl' (Ware et 

al., 19711 Bde et al., 1982), experiments were designed ta 

de termine the nature and extent of brain edama, anQ 

subsequent- brain swe11ing, ,in the GalN~FHF rat model. The 

progression of' brain adema was a180 studied in the animale 

involved in the PGE.2 studies to determine its effecta', (~f 

any): on the developmept of brain edema in Grade II hep~t~c 

coma FRF anima1s. 

2.5.1 Brain Water content Meaaùrem.nt, 

Various methods o,f measurirfg brain edama- have been 
1 

described in the 1iterature (Go., 1980). Of these, the' IDOst 

4irect'art' simple method i. by pbysically'measuring the . ' 

water content of the brain (s~art-wallad.# 1939). lhus, • 

th. brain water content was quantitatively determined to 

asse •• , the ext~nt of brain adema in comato •• ,rgp rata a. 
~... ... '\ ' 

well as 1=hoaa rata. u.ed in .the PGE2 studies. GalN-P'HF ra ta 
, . 

1 9 

in pr.ogressiv8 O,f hepatic coma «(Jrades O.-IV hepat~c 

coma) or at apecifi<: times during the PGE2 studiea (0, 4, 

and .8 br.. after PGE2/saline inj'ecti~n) 'were aacrif~ced py , 

decapi t~tion. ~. The complete brain from each ra t was 

careful'ly exci.ed trom the cranium, and its II~bV weig~t 

dtltermined using a' Mett1er B20T analytj.cal balance' (p'ishèr 

r 

. 1 
\ 

" 

~ 
" 
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Scientifiè Co., MQntreal, Canada). Brain samples were then 

placed, in a ventilated oven {Blue M Electric Co., U.S.A.} 

a t 65 0 for a t leas t 2 weeks to ensure comple te dehydra tion 

to . cons tan t \ole igh t. Its tldry" weight thus determined, ",as 
( 

us"ed to calcula te the brain wa ter con ten t (g H20/9 dry wt. ) 

as follows: 
ri 

Brain Water Content = Wet weiCJbt - Qry weight 
Wet weight 

~ 

2.5\2 Brain .w~ll~ng Analysis 

As al ready sta ted . in the preceding sée tion 1 . t;>ra !-ô 

sw~ll ing 

an inç 

is 
\ 

the' resul't of increased brain -volume ow1ng to· 

in i ts wa ter con ten t~ The Phe,nom~,~ was ffrs t 
, , 

in classical expe~iments by Ellio~ and Jaoper,in 
, 

w.orking at the Montreal, Neurological In~titute. '. 
, ",-

swèlling of the tissue cau,sed by brain edei1l~ is 

calcula ted om chànges in brai.n ~a ter con t~n t,as foliows: 

, S~elling • lOO(E-C) 

100-& 
, . 

w~e~e E ... , bt~in wa ter ,con ten t in experimen tal animal 

CCI" brain' Wj1 ter con ten t in normal an'imal 

.' , 

t 

'From the aboYa equa tion -C formula mOdifie,d f:ç-om Ëllio t 
1 

and ',Jasper, 1949) i t . is apparen t, tha ~ small increases in 
Q 

b~ain watir content represent much larger vOlume,increases 
'. , - \ - J 

, ; -- ....... 

l' 

.. .i 
, , 
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of, the brain. ThUI, aeemingly minor increases in brairi 

lQ.nifeat as 8ubstanti'~rai~' sWel~~ng .. wàter ~ontent can 
...... 

siqnificant bratn swelling can resul t in - increased 

intracranial pressure, bl:ain cqmpre8sion, al tered cerebra-l 

blood f1cw, deranged neurologica1 funetion, and coma. AIl 

of these "are commen symptoms of FRf patients of varioua 

8t.iologies (Bde et al., 1982, Berndt, 1982).' 

2.6 'l'liS'l' l'OR THE STRUCTURAL' INTBGlUTY, OP' '!'HE BLOOD-BRAIN 
'BARRIER 

Tbe b100d-brairi ~rrier., ia a regu1atory interf~ce 
, . 

wh!ch alfowi th. eptry of only specifie, substances' into_ the 
, , 

brain . (Rapoport., : 19;6). An in1;.l'1ct blOod-brain barrier-. ,\ . ' 

'" 
normà11y prevent~ dyes 'sueh as trypan- blue or ~an8 blQe 

/ 

from .antry into the brain to 'sta:Ln 1t. p'y staining of the 

brain would' raflect ~ increased permeab~li t.y or p~y.~ca1 

diaruption of the, -blood-brain barrier. With thi. in mind_, 
, 

the integri t~ of the blood"brain barriet W&S teated, at. 

various 8tagé of pGalN-FHF, to Çletermine the nature of the 
. \ . 

evolution of brain edemà in th~ present animal, modèle The 

inteqrity of the blood-brain barrier was M,o test.d'in the 

anJ,.mals ïnvol ved in the PGE2 studies' te 'de.tepnine whether . 

PGE2 affectedo the .integrity pf th'ia blood-brain interface 
! ' ~ 1 

following the development of GaIN-PHr and coma. 
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Animale in ptogresBi va Iltages of GalN-P'HF ( i • a • Grades 
, \ 

oi. IV hepa tic coma) as wall as those ra ta in the NI2 

studies were tested for the l~tegrity of" th, blood":'brain 

barrier at s'pacifie times (i.e. .0, 4, 8 hrs. after 
, 

PGE2/ saline injeetiton) , using trypan blue dye infus).on ... 
" 

techniq~es • :tri these animals, a 2'" solution of trypan blue 

'lias administered intravenoue1y via the right eommon earotid • 

artery in a .single bolus 'given at a' dosage of.O.3S ml/lOOg 

body weight. Tha animals were anesthetized 'IIi th sodium 
~ 

pe~tabarbi'tol prior ~ trypan blue infusion. Thirty 

minu1:~' " after , th~ infusion of trypan bl ue -"the, animal •. were 

sacr~.ficed by guillotine an~ the brain was examined fo~ any 

staining by the' trypan blué dye. , ' 

.' 

'- . , 
2. 7, 8'l'ATZSTICS 

All reaul.t8 unleS8 otherwisa 
{' . 
;'indi~ated, are expre8sad as mean of. • tandard erro':.' -
statietical 8ignj.:fic~nee was .anaiyzed by the Student .' t l , 

~ test, using a Texas. Inet.rument.s 
, 

TI-55 pro9rammabl~ 

ea,lculàtor • 
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CBAPTER III J 

RESULTS 

& ( 

é 

- 'l'he rèsul ts presen ted in this chapter ate basicall y 

divided into two groups: 1) charac teri za tion of the 

galac tosamine-induced fulminan t hepatic .. fail ùre (GalN-FHF) 

rat model (Section 3.1), and 2) the"studies of the effects 
\ - . 

of PGB2 on this FHF rat model (Sections 3.2-3.3). 

Seetion 3.1 (and its sub-sections) deals with the 

resul ts from basic studies wh"ich il'lvestiga te the 
, .... 

phY)'siological, ~ochemicalJ ' 
" . and hie tolo~l 'changes 

accuring during progressive stages ' (Le. ! ' Grades Q-lV 

hepatic coma) of GalN-induced hepatocyte in jury_ Sinee 

brain adema Is' often a major _ secondary eomp'llca tion o-f 

fulminant hepa tic failuré. ( FRF) , a detailed study 
• 

inves t-iga ting the l'la ture and evolu tian of this phe~om-enon 

la also presented _ '<" 

''l'he second', set )f results, Sections 3.2-3~3 (and their 

respec Uve sub-sec tions) deal IoIi th the PGE2 stud ies. In 

. thls sec tion, sirnilar biochernical and his tological da ta (as 
, 

for the previous eonb;ol study) are presented to evalua te , 
. the effects of PGE2 on G~ade I:I coma FRF rats. The effec~s 

of PG~ on the development and progreesion 

in Grade ri comi. PHF r~,ta alao preaen ted • 

- lOS 

.t 

of. brain edema 

l 
( 
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3.1 BASIC STaOY œ ,THE GALACTOSAMlNE-INDUCBD FULMINANT 
HBPA'l'ZC PAlLURE RAT MODEL 

In this study physioiogicai, oiochemical , ~nd 

histologica1 observations were çarried out to characterize 

and further elacidate the nature of GalN-FHF and .its major 

secondary cornplica tion, orain edema. A unique aspect of 

this atudy W&S that samples were obtained from the FRF 

animale during progressive stages (i .s. Grades 0 ... IV hepatic, 

çoma). of GalN-induced hspatic injury, ta study the hspato­

cellular chansee occurring during progrs.sive grades of 

hepatic coma. 

3.1 .. 1 Do.e ,R.apone. 'of Galact.oaam.ine 

The dosé response curve o~. GalN-FRF is presented in 

Figure It was obaerved that for a g-1ven age (~i9ht) ~S 
'" 1ange; GaiN produced a consiate~tl~ reprod ucible hepa t.ôcyte 

l' 

injury . in,' a post ti,ve dose-effect relationship. In the 

present group' of animals (270-3009J 63-77 day old male 

wiatar ,rate) it was seen ~at 850mg "Ga lN/kg body weight 

consistently prodùeed a mortality rate of 70%. Since- thi. 

was ~e deeired mort.ality rate,. the dosage of 850mg GalN/kg 

body weight was adopted for aU su»sequent e?Cperimenta in 

this study. 

\ 
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DOSE-AESPONse CURVE OF GALACTOS~MINE-INDUCED FHF 

• 
\, 

SPECIES: WI8TAR RATS (m.'.) .. 

S&O 
1 

750 

1 
850 

1 
050 , , 

AGE: &3-77 day. old 

WEIGH!: 27.0-300" 

n: 40-50 rat. 

1 
1050 1150 

G.lacloumln. Do •• ". (I.p.; maik" bod.1 w~lght) 

\ 

1250 , 

Figure 3.1z Dose-reaponse curve of galactosamin~. A 
positIve dose-effect relationship was observed with 
increasing dosag~ of galactosamine. In the present 
experiment (unless otherwise indicated), a dose of 850 mg 
Ga lN/kg body weight, administered intraperitoneally, 

t achieved a consistently reproducible mortality rate of 
70%. Each point on the cu-rve represen.t:s data from 40-50 
rats. 
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3.1.2 Age-Oo~e Rela tionship of Galac tosamine -
To fur ther charac terize the GaIN-FHF ra t model, the 

age-:d0se relationship of GaIN was evalua ted in tWQ 

dUferen t ways: firs t 1 by main taining the degree of 

hepa tocyte injury ( i.e. mortality ra te) cons tan t ( Figur:e 

3.2) and second, by keeping the GaIN dosage constant 
, 

( Figure 3.3) • " 

Conatan L 
, 

.3.1.2.1 Degru of Hepa tocyte Injury 

. Figure 3.2 illus'tra tes th\ rela tionship betwèen the' 
~ 

GéHN ~ dosage 'and the age (weigh t) of the animal when th_ 

mortality rate was maintained at 70%. In such conditi0'ilS, . ~ 
L 

i t was observed tha t the amoun t of GalN required to prodllçe 

agi ven -. deg ree of hepa tic inj ury was inve r sel y propo r tiona l. 

ta the ag e of. the an imal • Thus, i t was seen tha t the 

younge~ the animal the grea ter the pmoun t of GalN lolas 

required to pr:oduce the same degree,of l-i~ver injury (Figure 

Since GaIN is a very expensive drug, i t was necessary 

to optimize the dose t-equiremen t while still main ta ining an 

optimal anim~l size fo'r sampling, etc. For this reason, a 

"GalN dosage of 850 mg/kg body \teigh t and average body 
,1 

weight of 275.g ",as adopted for al! experiments in this 
.,.. 

study. 
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AGE-DOSE RELATIONSHIP OF (tUACTOSAMINE (MORTALITY CONSTANT) 

SPECIES WISTAR RATS (male) . 
MORT ALITY RA TE' 70,.. 

"= 62 

":125 

1~1 -----------I~--------~----------~ 
200 225 250 215 

Average Body IWelght Cg> 

Figure 3. 2', ~41e-dose relationship of galaœt.osamine 
(mortahty ,constant). various doses of galactosamine were 
~dministe'red intraperitoneally· to_ rats ,*of different age 
(weight) groups" 'while maintaining the rnortali ty rate 
constant at 70%. ln such conditions', it was opserved that 
the degree of' galactosamine-induced hepatic inj ury was 
inversely proportional ,to the age of the animal. Thus, i t 
was 'sean that the younlJér the anim~l, the greater the 
amount. of galactosalOine was required to produce the sarne 
degree of '1iver in jury, -and vice versa . 

• 
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3.1.2.2 OOse of Ga1actosamine,Cpnstant 

Figure 3.3 illustrat.s the relationship betwee~ the 

mortality rate and the age (weight) of the rat when the 

Ga1N dose was fixed at 850 mg/kg body we1ght. Ùnder these 

condi tions, it was observed that GalN-induced 

hepatotoxicity was direct1y proportional to the age of the 

" animals ( Figure 3.3 ) • Thua, for a given dosagé of 

galactoeamine, the older or younger rata - produced very 

severe, or mi1d degreea of hepatic injuries respectively. 

For this reason i t waa cri tical to etrictly adhere to 

" 

the 279-300g body weight rang-'! for the experimental animaIs. 

3. 1. 3 Neurc1logical 
InjecUon 

Pol1owing Galact,osaudne 

Neuro1ogi.ca;J. changes (Le. coma statua) vere assessed 

as a' function of Ume after GaIN injection. Pigure 3.4 

graphica11y illustra tes the ~eterioration in consciousness 

fol1owing GaIN' injection. It 'was seen tbat during the 
r 

~ first, 24 hours after GalN injection, the neurological 

\ 

changes are mild (Grade l coma) and transition te deeper 

coma ie slow. More profound neurological changes in the 

forro of overt encephll'lopathy (Grade II coma) begin te take 

place approximately 48 hours after Ga1N injection. At thia 
, 

time the animaIs vers' in varyiug grade. of coma (Gradt?s 

'; 
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DOSE-AGE RELATIONSHIP OF GALACTOSAMINE (OOSE CON"STANT) 

w ... 
< 

100 

li: ' 50 

~ 
;::j 
< 
t­
a: 
o 1$ 
2 

o 

SPECIES 

GaiN DOSE 

l. 

- 1t .. 
....---., , 

1 
225 . 

100"'" 
WIST AR RA T8 (mà'e) r---

_50 
850mg/!tg 

7 .... 

- \ 70 .. r--
~ r---

".-12$ nan5 

..... 
,.....-

n·eo 

• 
, 

\ 

, 

1 
250 275 300 350 

AVERAGE BODY WEIOHT (g)' 

Figure ~.3z Age-dose relationship of galactosamine (GalN 
dose constant). A fixe~ galactosamine dosage (850 mg/kg 
body weight) was administered intraperitoneally to rats of 
different . age (weight)~ groups -to see its effect on the 
mortaJ,.ity rate (Le. de~~ee' of hepatic in jury) . Under such 
coodi'ions, ~ it was observed that GalN-induced 
hepat~~oxicity was direc~ly proportional to the age of the 
animal. Thua, for the given dose of 9alactosa~ine (850 mg 
GalN/kg body w~ight), the older or younger rats' produced 
very severe or ~ild degrees of hepatic injuries 
respec'tively. 
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DETERIORA TlON OF CONSCIOUSNESS FOLlOWING 

GALACTOSAMINE INDUCED LlVER INJURY IN WISTAR RATS 

Normal con.clouane.a <a'ert) 

GaiN 

.. 
~ 
u " -o 
Il 

'i ... 
" 

'. , 

III 

/J " 

IV o..th 

o 24 41 

Tim. art., galacto.am"" InJectton (Hfa ) 

FigUré 3.4i A graphie illu~tration' of deterioration of 
.. consciousness, following galactosàmine injection (arrow). 

During the first 24 'hours after GalN- injection, the 
neurological changes. are mild (Grade l coma), and 
transition'tO deeper coma is slow. OVert encephalopathy 
(Grade II coma) becamè evideqt approxi~ately 49 hours after 
GalN injectlon.~ At this time the animals were in varying 
qrades of hepatic coma (i.e. Grades II-IV coma). Also 
noteworthy ls that the tran~ition from Grade II coma to 
deeper ,grades of hepatic coma (i.e, Grades III and IV coma)' 
becomes highly precipi1tous and rapid at this time. Ànimala 
succurribed . trom GalN-FHF approximately 54-56 hours' after 
GalN injection. . \ --
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II-IV hepat!c coma). AlsO et th!s time, thebtransition 
'\ 

from Grade II coma to deepar grades' of com~ (i.e. Grades 

III a~d IV 'hepatic coma) becomes highly precipitoua and 

rapide Animals s~ccumbed fJom GalN-FRF approximately 54-56 
-

hours alter Ga1N ~njection. 
l" 

Thus, 48· Roura after GalN injection represented a 

critiéal period during GalN-PHF 

varying aeverity of coma (and liver 

thé animals presented 

at this time. 

Therefore; in order to atandardize 
i -

e selection of 

experimental animal s', the animals werel selected on the 

ba~i. of their coma grade. This way anr diacrepabcies 
-

,riaing "due to varying degr... of GalN-indu~~d hepatoctye 

injury were,avoided. 

3.1.4 Body o.hydratio~, D~in9 
Fulminant aepatic pailure;, 

Galactolamine-Induced-

,Excluting. ~e alteration \~, con.ciou~ness 
d~velopment of hepatic coma fOll0W~9 GalN-FHF, 

observation in thi. animal was 

and the 

the most 

a marked 

deérease in food and water i~take fol1owing liver in jury. 

,This occurred as early as 24 hours after 'the inj~ct~on of 

,GalN .( and before the dev:e1.opment of overt encephalopathy, - , 

i.e. Grade' 1 1 come) • This, wa. menifestad by ,mar~ed 

dahydration and waa meaeured aa the de crea se 'in ~dy 

weight. 'In this 
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éxperiment, body dehydration has 

percent decrease ~il'} ~~i9ht 
been~ éxpressed as the 

(Table 3.1) and percent 

increaée in hematocrit (Table 3~2). Figure 3.5 is a 

corn,pos! te graph illustrating the respective changes of 

per~ent b~dy weight and hernatocrit of the animal following 

GalN-induced hepa tocyte inj ury and developmen t of coma. As 

early. as Grade l coma (24 hours af ter, GalN injec tion) , " 

signi~ican t dehydra tion was ev iden t in the FHF ra ts. 

Significant deçreases in body weight (6.2e't p < 0_001) were 
, 

coupleq by similar significan t· increa~es in hema tocri t a t 

this time. MarkeQ dehydration was distinctly'visible when 

the animale were 
t \ 

in Grade , II coma (48 ho.urs after GalN 

injec tion) • By this time the' ra t' s body w~igh t 
~ 

had dropped 
j , 

by 
.. . (, . . 

and its hematocrit had increased by more than 15\ 

(of nor~all. to 62.62%. Al though the ex t~n t of dehydra. tion 
" 

seemed to persi'st after Grade Il cÎoma and· through to dea th , 
( in 'Grade ~ c~ma) ~ 

lncreases in ~91Ydration 
coma. 

, . 

there were no 

during Grades 

further 

III and 

signif ican t 

IV hepa ti,c 

3.1..5. BloOd Biochemietry During progressive stages of 
Galac tosamine':Induced Fulminan t Hepa tic Failure 

The blood biQchemietry analysie wa.s perfor~ed at th~ 

Division of Biochemistry of the Royal Victoria Hospital, 

Montreal, Quebec, C~nada, us1n9 a sequential Multiple . ~ 
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Gradé Of 
Coma 

o . 

1 

II' 

III 

IV 

Bod 

"Tf Ille After 
Ga 1 ae tosami ne 

1 njectf on (hr's) 

o 
24 

48 

48 

48 

,Rercent Decrease 
in Body Wefght 

(mean .! 50) 

o 
. 

6.28 + 2.03* -
14.21 + 1.07.** -, ,lA 
14.92 + 1.44 . -

, Â 
16.66.!.1.52 

n 

70 . 

~3 

43 

32 

31 

Stadstical' significance 

.. p<O.OO~ } 

~ p<O.02 

.Â p<O.OOl 

" . 

• 

,-

wfth respec~ ta proéeedfng.coma grade 

wi'th respect to norma·l (Grade 0 coma \ values, _ 
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Table 3.2 , 

Hematocr1t Values Dur1ng fÊllctosam1ne-Induced 
tulm1nant Repat ~ ral1ure 

-,------------------------------1 
Grade of 

Coma 

o 
1 

II 

, III 

,lV 

. rime After 
Ga 1 actosam1 ne 

Ir1jectfon (hrsl , , 

0 

24 

~ 
, . . '~ 

48, 

Statistfcal s1gn1f1cance 

.Hematocr1 t 
mean ! SD 

"46.31 + 0.60 -
55.80 + 1.37* -
62.62 + 1.99** -
, - A 
62.86 ,11.:35 _ 

6'4.26 + 1.70 A 
, -

*, 'p<O.OOl ,} , 
, w1th respèct ta pro,eed1ng coma ~rade 
** p<O.02" -

n 

.\6 

15 

16 

15 

15 

~ 

A p<O.'OO1 w1 th respect ta normal" (Grade 0 coma) values 
, .' 

\ 

, . 

~ 
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" TIME AFTER ,GALACTOSAMINE INJECTION (HRS) \ 

o r----04-8----. 
100-r~r-__ ~ ______ &-____ ~ ______ ~~100 

o Il III IV 

GRADE OF,JtQ.MA 

- , . 
Pi!ure 3.51 Body dehydration during ga1actosamine-induced 
tu mInant hépatic failure. A composite graph il~ustrating" 
the'" marked 'dehydration that occurs fo11owing GàlN-FHF. 
Here dehyarJtion has been measured as a function of change 
in body weight and,hematocrit. Grade 0 coma r~present8' the 
normal value before the injection of galactos~mine •. - , 

, , 

- , 
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Autoanalyzer with Compute~ '(SMAC-II). The eerum sample~ 

were obtained before GaIN in,j~ction (Le. Grade 0 coma) and 

during prog~esBive stages of GalN-FRF (i.e. Grades I-IV 

coma) for biochemistry and electrolyte analysis by the SMAC. 

3.1.5.1. Clinieal Bioehemiatry Anàlyaia 

Rat sera trom normal (i.e. before GaIN 

,GaIN-FRF rats in progressive grades of hepatic' eO~à were 

analyze~' br SMAC for the following bioehemicaL paramét~rsl 

1) Glucose (mg/d~), 2~ Bl004 Urea Nitrogen (BUN) (mg/dl), 

3) Creatinine (mg/dl), 4) Urie Acid (mg/dl), 
. 

5) Total 
• Proteine (g/dl); 6) Albumin (g/dl)7 7) Total Bi~irubin_ , 

(mg/dl), 8) Chol.eterol (mg/dl).' The clinicat .erum 

bioehemical an~ly.ie of these animals ia prèsentèd in 

pigur. 3.6 and Table 3.3. A .~vere alteration of the rat' a-

olinical biochemi.try was seen following GalN induced 

l\epatocyta inj ury and the onset of ëoma. D.pr •••• d level. 

, of total proteine and albundn_ eoupled wit~ a precipi tous 

fall in gluèose and urie acid levels were' aaen with 

progressive GalN indueed hepatocyte ,damage and coma. 
-

similarl~ , th.re were aignificant elevationa • in BUN, 

creati.nine, t.otal bili:çubin, . and cholesterol levela witb· 

pro,greaaive' hepatoayte in jury and coma (Pigur. 3.6 and 

J '6 
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SERUM 810CHEMISTRV ANAL vais DURING PROGRESSIVE STAGES 

QALACTOSAMINE - INDUCED HEPATOCYTE INJURY , 

& 5 

TIME AFTER GaiN INJECTION (Hra) TIMÉ AFTER GaiN INJECTION ("Hn) 
, \ 

o 
1 

GlucO" 

,. 48 

•• 

o 
ï 

2" 
1 

\ , 
8 Total Prote In. 

:~ ~ lU • 

41 

. * 
• .--1 

;s :::Jj ~ 
E 18 

o 

BUN 

t 

Cr •• tlntn. 

;s 0.8 1.2 ~ &.0 j 
;S' 
~ 12.& 
E 

... o 
E 0.4 

o 

" I.C) j 
l 2.15 

o -

1 

o Il III 

GRADE OF. COM~ 

o 

• 

" ' 1 

av o L - Il lU " ,IV 

GRADE OF COM~ 

Slatl.ticii .Ignlflelne. wlth r •• pect to pree.edlng coml grade 

• P-c 0.001 t p < Q.02C5 * P': 0.01 

** P <' 0.C)01 tt P < 0.01 
\ 

Figure 3.6. Serum biochemistry ~na1y8ia during progressive 
stages 'of galact9samine-ind~ced hepatocyte in jury. Serum 
s~nples were obtained pefore galactosamine injection (Grade 
o coma) and during progressive stages of hepatic coma (i.e. 
Grades I-IV.eoma). Samp1es wereana1yzed by the SMAC II 
autoana1yzer. S~atistical significance was determined 
using the Student It l test. 
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Table 3.3}. Specifically these fluctuations fn clinical 
~ 

bioch'emis try were recorded _ as follows: 

l} Gl~cose: A precipitous falx'in glucose levels from 

137.~ + 1.75 mg/dl i~. normal animais (before GaiN 

injéc tian) to 15.0 + 2.0 mg/dl in FHF rats 
~ 

(Grade IV ... 

hepa tic .coma) was measured dur lng the course of GaIN -FHF in 

this ra t model. A significant (p < 0.001) decrèase in 

glucose levels was measured as early as 24 hours after GaiN 

indueed liver damage, when the animaIs were in Grade l 

coma. Subsequen t , significan t (p < O. 01 to p < o. 00 1 ) 
, 

dec~eases in glucose levels were also measured, during each 

progressive stage of GaIN ... FHF to death in Grade IV hepatic 
• 

coma (Figure 3~6 and ~abl. 3.3t. 

~ 
2) BUN: Galac tosamine"" induced hepa tocyte inj ury 

resulted in a ~teady increase in BUN levels, 
~i 

by nearly 2.5 

fold t which péaked at 37.0 + 2.6 mg/dl during Grade III 

~oma. Increased BUN levels ( 23.3 + 1.47 mg/dl) firs t, 

became statistic-ally significa~t (p<O.OO~) during Grade II 

coma, 48 hours afte~ GaIN injection. The level' of BUN , 

,finally fell t~ 24.0:!: 4.7 ,mg/dl just prior to death in 
, 

Gr~de IV coma (rigure 3.6 and Table 3.3). 

3) Creat~nine: A steady 

levels was observed followi~g 

rise in serum c:e~tinin~ 

GalN-induéed liver inj ury •• 

significant (,p ... <O~05) elevations in serum creatinine levels 

, 
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Table 3.3 , -
'Cl1nical Biochemistry ~lys1s Dur10g tâlactosa.tne-Indu~ed Hepatocyte Injùry 

Time After 
Ga lactosamine 
(hrs. ) 

Grade of Coma 

n 

Glucose 
, (mg/dl) 

BUN 
(mg/dn 

Creatinine 
" (mg/dl) 

Urie Acid 
(mg/dl) 

Tota'LProteins 
(g/dl'J ,. 

Albumin 
(g/dl) 

Total Bi11rubin 
(mg/dl) 

Cholesterol 
• (mg/dl) 

o 

o 

13' 

137.40 + 1. 75 

15.00 + 0.48 

/O. 58 :t?03 

4.71 + 0.31 

5.61 + 0.08 

3.27 + 0.05 

0.10 :t- 0.00 

58.50 +' 2.10 

24 48 

1 , 11-

9 7 

115. 00 ~ 2.3* 97.00 + 4.9-, - . 

17.00 + 1.25 23.30 + 1. 47*"" 

0.75 + 0.07' 1.03 !. 0.04** 

2.17+0.16* 1. 90 :t,O.D9 

5.07 ± 0.15** 4.96 :t 0.10 

3.28 ~ 0.06 3.07 + 0.01" 

0.43 + 0.11 " 3.38 ~ 0.10* 

53.70!. 4.3 129.00 !. 6.5* 

Statistical s1gnificance with respect ta preceeding cGma grade 
~ p<O.OOl " p<0.025 f:> p<O.05 -
** p<O.OOS ,. p<O.Ol ' 

o 

48 

III 

14-

44.50 + 8.2* 

37.00 + 2.6* 

1.04 + 0.09 

1.26 + 0.05* 

"4.75 + 0.19 

2:}0 + 0.11 " 

4.80. + 0.30* 

118.30 + 3.25 . -

48 

IV 

6 

15.00 + 2.0** 

24.00 + 4.7' 

0.77 + 0.18 

2.431. 0.17* 

5.57 + 0.300 

3.07 + 0.24" 

4.37 + 0.63 

115.00 + 2.03 

\ .. 
\ 

, 
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vere first. evident when the rats were in Grade 1 coma, "24 

hours after GaIN injection. At 'this time, a mild rise in 

~reatinine levels to 0.75 ~ 0.07. mg/dl, from 0.58 + 0.03 

,\9/dl (normal value before GaiN injection) was observed. 

Th~ rise in creatinine levels finally peaked duri~9 Grades 
.' 

II and III coma at 1.03 ~ 0.04 mg/dl. During the terminal 

ètage of GalN-FHF, in Grade lV coma, creatinine levels fell 

td 0.77 + 0.18 mg/dl. owin~ to large ~tandard error, this 

decrease in creatinine levels was not statistically 

significant when 
Il ~ , ... 

compared to ei ther the peak value. (1.03 ;t 

0.04 mg/dl during Grades II and III coma) or to the pre 

GoIN levels (Pigure 3.6 and Table 3.3). 

4) urie Acid a A significant (p<:O.OOlr fall in uric 

"acid le~els was recorded 24 hours after GaIN injeètion, 

when the animals werEt in Grade l coma. uric acid levels 

continued to faii . (during Grade II coma) and finally 

bottomed out at 1.26 + 0.05 m1J/dl in Grade III coma -
(p<O. Oi>l ) • An approx~mately two fold increase in urie 

acid levels (p < 0.001) was measured just prior to death in 

Grade IV coma (Figure 3.6 and Table 3.3). . . 
5) Total proteinsa A significant decrease in total . 

protein concentration from 5 •. 61 .:!: 0.08 g/dl to 5.07 ~ 0.15 

g/dl was,observed as early as Grade l coma, 24 hours after 

GalN-induced hepatocyte Subsequently, the protein 
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levels fell only ~lightly and remained depressed throughout 

Grades Il and III hepatic coma • Just prior to death in 
. 

Grade IV coma, however, a significant (pC:O.OS) increase in 

the level of total protein to near normal (pre GaIN) values 

was observed (Figure 3.6 and Ta.ble 3-.3). 

6) 
1 

Albuminl As was' obsérved for the total prQtein 

concentration, albumin concentrations were similarly' 

dep~essed failowing GaIN-FRF and coma. Bowev~, unlike 
'\ . 

total protein concentrations, the decrease in the albumin 

levels first became stat.iat.ically significant (p c: 0.05) 

during Grade Il-coma. At· this time serum albumin levels 

fell from 3.27 ± 0.05 g/dl (pre GaIN values) to 3.07 + 0.07 

g/dl. The serum albumin levels continued to fall (pc: ~.Ol) 

to as low as 2.70 + 0.11 g/dl during Grade III coma. 
1 

Although a mild ri se in albumin concentrations was observed 

ju~t!-- prio~ to -death in Grade IV. coma, the increase was not 

statistically significant (rigure 3.6 and Table 3.3)., 

;..) '!'otal Bilirubin, Highly significant (p<O.OOI) 

incr~aàes in total bilirubin levels were recorded following 

GaIN 

coma. 

indûced he~atocyte injury and, development of hepatic 

Increas~d_ tot~l b~rubin levels first became 

evident during Grade l coma, 24 hOurs after GaIN injection. 
-, , 

Total bil~rubin levels increased to more than 300% over 

nor~l control (no GaIN) values (0.1 + 0.00 g/dl) ~ 3.38 + 

, . 
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·, 
0.10 mg/dl in Gra.de II coma. Total 6i1 irtibin levels 

finally • plateaued during Grade III coma wiLh conc~n'tl'a~n5, 

almost as high as 50 times that of normal cÇ>ntrol ValU? 

To tal bil irubin levels decreased onl y sI igh tIy dur inlj a.vrde 

IV coma but remained elevated until dea.th (Figure 3.6' and 

Table 3.3). 

t 
8) Cholesterol: More than two foId increases in serum 

cholesterol levels were measured .following GalN-induced , ~ 

hepatocyte injury. During early stag~s of GalN-induced 

liver inj ury ( Le. Grade l coma) no signif Ican tr changes in 
"-

choIes tarol levels ~ere observad. w.i th the progres,sion of 
" \ 

hepatocyte injury 'and the deveJ.opment of overt hepatic 

coma, however, serum cholesterol . levels significan tIy 

(p 1ft 0.001) increased by ffiOroe than two fold to 129 + 6.5 

mg/dl in Grade II co~a. Cho;'es terol levels remained 

elevated throughou t subeequen t stages of hepa tocyte 

necrosie to dea th in Grade IV coma (Figure 3.6 an<l Table 

3.3) • 

3.1.5.2 Serum Electrolyte "nalysis 

Serum elec trol y te analysie was performed usiQg the 

SMAC II au toanalyzer. Serum eamplel5 from normal con trol 
., 

rats (i.e. No GalN, Grade 0 coma) and GalN-FHF rats in 

progressive s~ge8 of hepatic co"ma (i.e. Grades 1-IV coma) 

were analyzed for the followin~ serum electrolytes: 

.. -124-
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1) Sodium (Na+) 

Chloride 

(meq/l) : 2) 

(~eq/l) : 4) 

potassium 0<+) 

Calcium '(Ca++) 

(meq/l) : 

(mg/dl) ~ 

3) 

5) 

Inorganic Phosphorous (Pi) (mg/dl). Resulta of the serùm 

electrolyte. 'analysis are presented in Figure 3. 7 an~ Table 

3.~. 
IGalactosa.mine-induced hepatocyte injury resulted in 

the al teration in the levels of aIl the electrolytes 

analysed·. Significant (p<O.OOl) changes in N~+ and K+ , 

levels ",ere - evident during the first 24 hours after GalN 

injections, whén the rats ",here in Gr~ade l coma. ,Levals of 

Cl -, Ca++ , and Pi \!fere alsO olll teréd, however, these ch.anges 
o 

were statistiually '8ignific'an~ qn:ly during Grollde II coma, 
" 1 \ • 

, 
48 hours after QalN injection. Specifie electrolyte 

'a'l terations are ,described below,' . . 
1) SodiuJlu S~gnificant '.(p < O~OOl) in,crease in Na+-

, 
levels from 141.4 + 0.49 meq/l (before G,alN injection, 

Grade 0 coma~to 147.8 ! 0.49 meqll was detected befora the . -
onset of ,ov~rt enèephalopàthy when the ~rat:8" wer,a 'in Grade I 

! n. w 

\ coma. Wi th th\' progression of the C0111a to Grade- X'l hep«tic 

coma, a furt;h.r si grUfic:ant (p < Q.Ol) incre-ase il) Na+ 

leveis 'lias observed. In late .tag~s, Na+ l"evals appeared 

te) decrease and appr~ached no.+fnal control vdues (pre G~N 
levels) • However, becau8e of t:.l'1e large .standa~d deviation, 

these latt!'!tr changea 

(Pigur. 3. 7 .and \-able 

'. , 

'\ ' 

were not ,statiS'tic-ally signifièant 

3.4) • 

.. 
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SERUM ELECTR'OL YTë ANA'" ~S DURING PROGRESSIVE STAGES OF 

OALACTOSAMlNE-INDUC~D HEPATOCYTE INJURV 

~ 

Tlme .rter GaiN Injection Tlme after GaiN 'nJect/.on 

{' 0 24 r-- 48 --, 0 24 r-- 48 ----, 

1 1 1 1 

Na+ c.++ 
180 1* I t ..... • --i 

1~ 

120 
::: 80 11 

:a 10 
1- 1--- *! -+~tt ' -+= -Q 

GI 
E 40 

E 6 
(~ 

0 0 

1(+ 

10 '. 
::: 
CI 5 • E 

0 

c,- PI 
, 

100 • • .* . , . '- 12 

- ;; ..... cr 
50 ... 8 • r E 

( 

,0 0 

, t 1 

0 Il III IV 0 Il III IV 

q Grade of' coma Orad. of coma 

r 
,8tatl.tlc~1 Ilgnlflcanc.. wlt~' prac.idlng c~m. gracte 

• P < 0.001 t p,< 0.01 * P < 0.06 

•• P < O.Q05 tt P < 0.02-

Figure 3.7. Serum electrolY'te analysis during progres'sj. ve 
st~ges of galactosamine-induced hepàtocyte in jury.. 8n-um 
samples wer.e obtained before galactosamine inj~ction 
(Grade 0 coma) and during. progressive stages of hepatiç 
coma (Le. Grades I-IV coma). Samples wsre analyzed by the 
SMAé . Il auto.analyzer. statistical significance was 
ùet:.erm~ned_ by thé Student 't' test: 
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2) Potassium: Like sodium, po tas-s ium 1evels were a1so 

" al ter~d ,dutring the firs t 24 hours. af ter GaIN .injec tion 

(Le. Grade l coma): At this time, K+ - 'concen trations 
, 

decreased by near1y : '25% of normal control values (7.4 + , ' -, . 
0.27 meq/1) to 5:21.,:,0.30 meq/l.' During Grades II and III 

hepa tic coma, potassium ievels decreased slightly and 

remained depressed throughou t these s t~ges ~ Jus t p,ior to 
2 ~ 

dea th, du~ ing Grade' IV coma 1 JK+ 1ev:els were seen to 

approaèh no'rma! contrvalues (i.e. pre GaIN leveh). 

However,' because of! the large fluctuations in K+ 

meaeurements 7 this Je~ tara iiori' of K+ ta normal lèvels was 

not statistically. significant (Figure .. 3.7 and.Table 3.4). 
J 

3) Chloroide: Chloride leveis remained more or less. 8 
. , \ 

'stable throughout 'the course of' GalN-FRF. On1y Il slight 

(p < Q .'05') decrease i,n' chloride concen t:.ra tion was se en 

'~Uring Grade' II coma when chloride levels briefly fel} ~o 
95.7 + 0.99. meq/l from normal control values of 97.8 + 0.37 

meq/1 fFigure 3.7 and Table 3.4). 

.,) Calcium: Calciùm l-evels remained unaffected during 

the tiret 24 ho'urs after GalN-induced hepatic in jury' (G,rade 
'-

l coma). A signif-icant (p < '0.005) decreaee in Ca++ "'as 

tirst obaerved during Grade II coma when Ca++. lev'els fell 

to,9.88' .! 0.40, mg/dl_tram normal control values of 11.5! " 

0.22 mg/dl. No signi~ican t ch~nges in Ca++ were aeen during 
!;I 

127 ' .. 

.,~ ... 

• 



... 
N 
co-

" , ..... 
~ 

" .. 
#' 

-r-." 

,-_i.. 

" 

J-. ," 

Table 3.4 

Serua Electrolyte Anal.~1s During Galactosa.lne-Induced Hepatocyte InjurY 

Tiœ After 
Ga 1 actosalli ne 
(hrs.) 

o y4 
- ... ~-- -----y--~- --

Grade of Coma 0 ~---1 

n 13 9 

~ 

Sodium 141. 40 + 0.49 141.80 + 0.49* 
(D!eq/l) ., 
Potassiull , 7.40 + 0.21 • 5.21 + 0.30* 
hneq/l) - -
Chloride 
(meq/l) 

97.80 + 0.37 98.30 !. '0.37 

calcium 
(iDg/dl ) 

11.50 ~ 0.22 11.37 ~ 0.18 

• 
lnorganic 
,Phosphorous 
(g/dl) 

9.90 !. 0.31 9.81 .::!: 0.08 

48 48 

11 III 

1 14 

150.80 !: 0.87" 145.'70 + 2.6 

4.18!. 0.38 5.30 + 0.30 

• <> 95.70 !. 0.99 ., 95.30 + 1.30 
<. 

"9.88 .! 0.40** 
. 

10 ... 59 ! 0.46 

11;84 .!. 0.6Z Il 1'0.45 + 0.40 .,,-

Statistical signiftcance,with respect ta preceeding coma grade 
i 

* p<O.OOl 
** p:<O.OO5 

" 

l' p<o. Dl <> p<O.05 
• p<O.02 .. 

.-
./ 

48 

IV 

, 
6 

139.30 +'3.38 

7.33 + 1.17 1 

96.00 + 1.00 

9.13 + 0.32' 

9.17 + 1.83 



$ 3 
• 

Grad. III coma. Just prior to CSe'ath -in Grade IV cOlQa, a 

'turther lignificant CP < 0.02) ctecrea ... in ea++ levela (ta 

9 ~ 13 ± O. 3'2 mg/dl) was observees (Figure 3.7 .nd Table 3.4). 

5) Inorganic Pho.p~orou. (Pi)' Level. of inorganic 
, , 

, ~hQ.~hor~u. ",ete unaff.eted during the firet 24 houri after 

Ga~N-induç.d hepatic injury~-~, A .ignificànt (p < 0'.01) 

ihcrea.e in 'Pi level. wal observeCS: during Grade II eoma 

when Pi level. pealted at 11.84 ;t 0.62 Rl9/dl. A, aubsequent 

decline in. Pi level. toward. normal value. (i.e. 9.9! 0.37 

mg/dl) waa .een during Grade. %11 and IV coma (J'igur. 3.7 

and Table 3.4)., 

l ' , / 

3.1.6 Liver Bn&yma Analy.i. During pragre •• ive Stage. of 
Galacto.amine-Induced Fulminant aepatie J'allure 

Serum .ample. trom,normal (Grad. 0 coma) and GalN-PHr 

ra\ •. ln prog~e88iv. grad~ of l!ver in jury {i ••• GraCS •• 

I-IV coma) "'ere analyzed for th. following lJ.ver .nzym •• ·• 

<;.(1) Aapartate . Am!notranafera.e (ASATh Alanine 

Aminotranatera_e (ALAT), 3) Alkalin.. Phoaphata.e 
"'" , 

(Alk. ph 

anCS . 4) Laetic Dehydrogenae. (LDR) • Liver 

determination from th.se animal. is pre •• nt&4. in, Figure 3.B 

and 'l'able 3 • 5 • 
li • 

Without exception., GalN-induceCS' hepatocyte irijury 

r •• ulted in 8ign!ficantly(p<0.OOl) elevateCS •• rum en&yme 

level.. A 2'.5 ta 120 fOld'- inc:,:rea.. (for a1kaline 

--, 129 - ' \ 

" 

Il 

\ 

" , 

• 1 



, -, 

.. 

'. 

phosphata.e and' 'alanine aminotl'ansferaae re.peetively), in 

enzyme activitie. was .• een following GaiN-indueed hepatic 

and OOma. In~rea.ed enzyme levela correlated well 

vith the extent of hepatic injury and grade. of ooma. ' 

Ac;tivitie. of all enzyme., with the exception ,of ABAT, 

peak.d during Grade II -"coma, 48' houra after GalN inje~tion. 
4 ... 

Thi. peak dso corr •• pondèd' ta the 'maximum hepatic damage 

taking plâce at thb time • ASAT acti vi ty peaked c1uring 

Orad,~ III coma. AU snzyme.. maintaine~ tb.ir el.vated 

level. until cl_eth in' Grade IV coma. 

specifie oRange. i~ serum enzyme levels, pre.entecS in 

Figure 3.8 ancl ,Table 3.5, are d •• cr1'b.~ be low J, 
". 

1) A.partat. AlDinotransf .. ra,.,. progr ••• ive inere.i ••• , , 
" ',-

.' in '.erum ABAT aotivi t.y w.~e oba_rved vi,th ',progr •• st ve 

.tage. of ,GalN-ind~ce~ hepatocyte inj~ and subsequent 
1 . 

develQpIl\tnt of c;oma.. . ABAT level. finally peakèd'cSuring 

Grade III coma (5391.1 ! 138.2 O/l) wen a grea~.r than 67 , 

fold increa.a in " ' acttvity, over oo,ntrol (Orade o coma) 

lavels (i. a. 80.1 + 3.5 O/l) wa. ob.erved. 'ABAT remained -
elavated till, d.ath ,ib Grade lV coma (ligure 3.8 'an4 Table 

\ 
"3.5). 

2) Alanine Aminotranafera.e. 

inere •••• level. " were 
. 

Sigriifioant (p < 0,001-) 
~ 

..en with progre •• ~ve 

GalN-induè:ed hepatio injury and the dev.lopment of coma. 
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LIVER ENZYME ANAL YSIS DURING PROGRESSIVE STAGÈS 
OF GALACTOSAMINE-INDUCEO HEPATOCYTE INJURY 

.. , 

TIME AFTER OalN INJECTION Chr) TIME AFTER· OalN INJECTtON Chr} 

eooe 

§ 3000 

0 

r' ' 

'7&00 

,5000 -.... 
=:) 

2&0,0 . 

0 

'. 

o .' A8AT .(OOT) 

• 

, 
ALAT (OPT) 

. , 
0 " III IV 

100-

::: 350 
::;) , 

0 

>800 

800 

.t -.... 

., 

::;) 300' 

0 
~ 

o u 

l " 1 
Alk P 

\ • 

1 
0 Il III 

ORADE OF COMA ORADE OF COMA 
i 

8tau.tlcal Ilgnlfleane. wlth rt~.o.ct t,o, pr.eltdlng cQn\a gradt 

• P< 0.001 

IV 

Pigure 3.8. Liver enzyme ana..1Y8~. ,during progre.11 iV8 
'stages ol g&lactosamine-induced. hepatocyte ln~ury. Serum 

sample. were obt.ained })afore galactoéamine injection (Grade 
.' O. -coma) and qu~ing proyre,s.ive sta'gea of hepatic corna (i.e., \, 

Grade. l -IV· coma) • statistieal aignifiaance. waa de(ermined 
by the' S tu~ent • t 1 t. •• t. 

~ 
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ALAT levela peak'cS durlng Grade II coma when a 'grèater than 

120 fold incua._ ln activity (over control levela of 57.3 
" .. + 4.1 U/l) vas obeerved. ALAT remained elevetad et thi. - , 

level (7012. 0 ! 232.5 l!/l) durlng G'rad~ III and Grade IV 

coma (pi,ure 3.8 and TÀble 3. 5 ) • 

3) S'igniflcant (p < 'o.OO~) 
lncreasel in .erum àlk. P level.' vere observ_d with 

progreslbre GalN-indueed hepatocyte 

cSevelopment of hepatic coma. Al~. P lev_la' peaked dur1ng 

Grade I~ coma when leveI. 1ner.asad by neariy 2.S folc! to 

606.3 + 34.4 ull. No turther signifieant change."in Alk. P 
, -

, , 
'levela wer ... ',een during Grade. III' and IV eoma (Pigure '3.8 

, and 'l'able l. 5 ) • 

4) Lactie Dehydrogena.el 

.ignific\ntly 

LOH ·levell 

aleva tecS wi th 

~.ra, -abo 

progre.sive 
-GalN-indueed hepatoeyte in jury , and develoRment of cOma.-

1 

LOH, lilt8 MAT ànd Alk. 'p, a1..o peaked during Grade II 

coma, when maximum GalN·induced bepatocyte injury bacS 

occurr~d. ~H remained at thi.' ,elevated level throughout 

Gradel lIt and· IV coma until death (ligure 3.8 and Table 
" 

, ' 

a ' 
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Tille After 
Galactosuine 
(·hrs. } 

Grade of COIIIil 

" • 
n 

ASAT (GOT) 
(0/1 ) 

AlAT (GPT) 
'(UI1) 

~ Alk.: P 
(U/1) 

WH 
(u1l} 

- Table 3.5 

Liver En~ Analys1s Dur1ng Galactosurlne-Induced Hepa'tôcyte Injury 

,. ~. " 24 48 48 

---_.- - --_.- -- _._- ------ ~---.--- -------------

.0 

13 

.., 
80.1 + 3'.5 

57.3 .:!: 4.1 

269.3 + '15.1 -
233.8 + 49.3 . 

1 

,9 , 

2867.6 .:!: 137.1* 

3490.7 .:!: 257.1* 

-422.6 !. 4O.A:-

495.3 + 49.7* 

Il III 

7 14 

, 

3756.8.:!: 197.2* 5391.1 ~ 138.2* 

6899.7 + 415.8* 7012.0.:!:232.5 

606.3 ± 34.4* 617 • 0 1. 21 ~ 6 

>600 (4800*) >600 (4700') 

• 

Stattstical s1gn1f1cance vith respèct tô preceeding coma grade • 
* ,p<O.OOl '" -

/ 

" , 
'lJ 

.f 

" , 

- . 

p 

oC. r 

48 

IV 

6 

" 
5384.3 + 150 

6678.6 + 23q 

517.7 + 61.3 

>600 
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Following ~ Galac tosamine-fnduc,ed 3.1.7 Livet' aistology 
~epatocy~e Injury 

Light and electron microscopy of' the liver tissne ",ere 

performed to s tudy the cellular even ts occurring 'during 

GaIN-induced" hepa tocyte injury. 'Samples of liver tissue 

were ob tained from normal (No GalN, Grade 0 coma) and 

GaIN-FHF animals' during specifie stages of li'ver injury 

( i. ,e. • Grades 1 -IV coma) • This has aIready been described 

in de taU in the prev ious chapter. The histology results 

trom these etudiee are preeen ted' bEt1o", • 

3.1.7.1 Li9ht Micro8copy 

Ligh t micro8co'py of the 1 i ver t,issue "las performed on 

31 normal and Ga1N-FHF ra ts in progressive grades , of 

hepa tic coma. Each group of animale (, i. e. Grades O-IV 

coma) consie ted of a' minimum ot 9 "an~Y'als. Represen ta tive 

result.s, ,of liver histo1ogy âre presented in Figure 3.9. 

Figure 3.9a,.shows a liver section from a normal ra t, before 

Ga'lN insul t \ (Gradé 0' coma) • The normal cord-like 

arrangement of the ttèpatocytes (H) ,within the . hepatic 

lobule le distinctly visible. it'he central vein (C~ 

por tal area (p) are a1so free trom any inflama tory 

inf"!l tt:,a tions. During G~ade' ~ coma" 24 hours after GalN 

insul t, no signif ican"t changes in the hepa tic lobule ",ere 

". 
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ligure 3.91 Representative light microacopy observations 
of the" li ver before and after galaetosamine inq,ction. a t 
Normal (Grade 0 coma.) li ver, lobule. The normal cord-like 
arrangément of the hepatocytea (4) within the hepatie 
lobule' i. dietinctly vieible. The central vain (c) and 
portal area. (P) are al .. o (ree trom any inflamatory 
infiltrations. bl aepatie lObule during Grade l coma, 24 
Jloura after GaIN injection. ~c ""dl a.patie; lobule during 
Grade II coma, 48 ho"r. after GalN ,injection. An almost 
'complet.e dis80ciatiÇ)n of -the normal cord-like arrangement 
of the hepatoeytea (H) ia visible. Bxtensive area. o"f 
hePats'àellular - neerosie (H), karyol~aia, an4 portal 
inflamation (p) is also evident at thi. time. ." fa 
Hepa tic obule during .. Grades IX 1 ~nd IV hepatic coma 
resP.8c ive- Extensive hepatoc.llula~ necrasia (a), 
karyolysis, and ~ inflamatory infiltrat.ions are e\t'ident. 
Ti.aues wer fixed in carnoy'. Fluid and stain.d, uBing 
Delafield' heJ,Datoxylin and eosin Y ataining t.echniques. 
Magnifi tion 360x. 
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evident (Figure 3.~b). Liver injury was
Ç 

maximal 48 hours 

after GalN injection ",hen the animaIs wer-e in Grade II 

coma. Figure 3. 9c shows the hepa tic lobule dur Ing Grade II 

coma. At th :lB time, there was an almos t comple te 

dissoc ia tion of the normal cord-like arrangemen t of the 

hepatocytes (TO (Figure 3 .. 9<:). E1t~n8ive araae of hepato-

cellular necroai.s, karyolysis, and 'portal inflamation were 

also evid~n~ at this time (Figuré 3.9d). No fur ther 

.. significàn't changes ~n hepa tic his tology were seen in the 

liver samples .obtained dur·ing Grades III and IV coma 

• 
(Figure 31'9.,f).. Using a double-blind analysis technique, 

i t was impossibh to ca tegorically dis tinguish be t\oIeen the 

hepatic histolo.9Y of rats i{t Grades II, III, and IV hepatic 

coma. 

3.1.7.2 Electron Microscopy .., 

/" 
ul tras truc tural events \lhiçb o<:cur following GalN- • The 

induced liver injury were studied in 25 normal (i.e. GraQe 

O. coma) and G,alN-FHF rats in progressive stages of liver 
l 

inj ury (i. e. Grades l -IV hepa tic coma). Each group (Le. 

Grades O-IV hepatic coma) consisted of at leaat 5 animaIs. 

Represen ta tivé elec tron micrograpns of the l iver sec tions 

from theêe ~roups of ra ta are presen ted in Figure 3 ~ 10. 
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Figure 3.10a depicts a normal hepatocyte before GalN 

injury (i.e. Grade 0 coma). A solitary nucleus' (N) with 

numerous surrounding m~tochondria (M) and endoplasmic 

reticulum (ER) are vJ:éible throughout the cytoplasm. The 
i 

interdigi tating cristae with~n the mitochondria is also 
~ 

visible at this time. 

trom a FHP ra t 24 

(i.e. Grade l coma). 

.' 

~e 3.10b depicts. a hepatocyte 

hours after GalN-induced liver injury 

At this time, the onset, -k a close 

association between the nucleus and ER was clearly evident. 

The ER, once dispersed throughout the cytpplasm, ~ow 

• 
appeared to cl~sely align itself witb the nuclear membrane' 

(Pigure 3 • lOb) • Although ho significant mitochondrial 

aberrations were evident at this t~e, the inter~i9itation 

of mitochondrial cristae appeared Less prominent. 

With progression of nepatic injury and the development 

of overt encephalopa thy dur il1g Grade II coma (48 hours 

after GalN injection), thé.' ER was seen becoming closeLy 

associated with " " th., nuclear ~embrane such that it was 
~, 

complétely wrapped around the nucleus to,envelop it (Pigure 

3.l0c). At places, the l1nucleus-ER c6làplex" was seen to 

completely detach ltself from· the oytoplasm ( Pigure 

3.10d) • other ultrastru9tural aberrations seen during 

Grade II coma were the abnormai elongat~?n of the mito­

chondria. Three to five fold eiongat-ion of the mitoc;pondria 
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Figure 3 .l~l Rapreaent.ati ve el.ctron micrographs of the 
1iver tiss~ fram normal an~ Gals-PHr rats in progressive 
grades of ~pa tic coma. ' a J Normal (qr~ .0 coma,) 
hepatoc yte before galacto.amlne injeçtion. A ~olitary 
nucleus (N) with numerOU8 surrbundlng mitoe~ondria' (M) and 
endoplasmic reticul~, (BR)' are viè1ble, throughout the 
cytoplaam., The ·int.erdi,9it.ating cri .. ~e wi~in, the 
mitochondr.i.a . are also visible at thi. time. bl' A 
he?&tocyte from a GalN-PSF ,rat during Grade 1 cçma. The 
ER. once dispersed ~roughoùt thé' cytOplasm,' now ,ppéars to 
align it.elf ~1t.h the nuels'us. .e.' d," ,A·h.~tocyte from a 
qaUt-FBP' rat in Gr.ade ,II' co.. The ZR become, elosely, . 
. associated w1th eh_ n~ci.ar ~~rane 8uch that It i. 
completeIy' wrappe<!. around 'tlie, ',nuCleus tQ, envelop It. 
Abno~l elODgation of ~s mitochondrie and 10.. of' cri8ta~ 
are a180 evi4eQt. at ,'t.h1,,· .'timé. 's'. A. hepatocyte frOID a 
GalN-FHF rat iq Grade-III COmA.. Ç01!lple1;e' detachment of the' 
nuoreus from the cytoplàa*,. and" the onaet of yryoly8ia ia 
evident. f. A hepatocyt.e trom a GaIN-PHP rat in Grade, ,IV 
coma. Com~+et,e' cs).luL~r necrosi .. r •• ult.ing frOm karyoly.ia· 
can, be aeen. AIl aet.pl.. wére fi'xec! uaing 91 utaràlc!ehyde­
and osmium tetro~ld., and wer. ,'post-atained <,vith uranyl ' , 
ac.tate ànd 1~a4 ci~~ate.~ B~ repre8e~ta l~. . 

" 

'\ 
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"dumb-bell" configuration. By· this- time all the mi to­
.s 

chondria had mi9r~ted towards ~~ nucleus, many sandwiched 

betw.en the ER and the nucleus (Figure 3.l0d). In the 

distorted mi tochondri a a disintegration of the cristae was 

cloarly evident. The interdigitation of the mitochondrial 

criatae was also totaÜ.y abaen t, (Figure f.lOd). 

Durin'g Grade ~II coma, the' detachment of tlle 

"nucleus-ER complex" was more prominent and eventually 

b.~a~e completely fte. ,irom the remainder of the ~ytoplaam 

(ligure 3.l0C). Mitochondrial aberrations dur;ng Grade III 

coma were aimilar to thos. observeeS during Grade II COllA. . 
~During Gx:ade the t the IV coma, ~oDlplet. destruction of 

\ 

nucleua or karyolyeis w~. ob.erveeS (FJ,.gure 3 • lOt) • The 

• 

. . k~rYOIYSi8 .. r •• ~lt~d in, t!\. crea1;:ion ~ a large lacunae 'in 

• .~: _:_ ~.I'l:aoe _ pr.y.i~.l~_ OC~~~i.d _ ~:.:.~ ~. }.~.~ ~4._ .. ,!.cro~ia~ __ . --'-- --'J 
iloon en.sued. . , . 

3.1.8 Brain Bistology - P~11owin9 
Bepa~cyte Injury 

Brain ede~ has b.en previously reported to be th. 

majOr a.condary comPlication of fulminant hepatic failur. 

(~r. et al., 1971). In the present'study -brain ad.ma has 

been elaborate1y studieeS in the GaIN-FRF rat mode1. 
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Bxtenaive hi.tologiea1 atudiee of the brain tissue were 

carriea out' by' b6th light and eleotron mieroecopy" The . 
brain. from \nôrmal (i.e. Grade 0' coma) and GalN-PHF rat. in 

p~ogree.iv~ atage. of li ver injury (i.e. Grade. I-IV coma) 

were prepared for til.ue hi~logy a. previouely de.cribed, 
~ 

Repre.entative re.ult. from the.e studie. are pre.ented 

below. 

3.1.9.1 Light Micro.~oPr 

L1ght,mieroaeopy of the prain tis.ue wa. performed on, 

e total of .31 normal (Grade 0 coma) and Gal~-FHF animal. in 
1 

progre.sive stagèS of 1iver injurYJ (Grade. I-IV coma). 
, , 

Bach group of animaIs (Grade. O-IV oo~) con.isted of a 

~inimum of 6 rat.. Representative ligh; mlcro8coPY re.ult. 

are pr •• ent.d in Figure. 3.11-3:13. 

The den •• or compact - ti8.~e .trueture of the normal r 

..... ----.. '-.. --'. --~. -_ - ._ -- -_..' \ 1 , 
brain' parench~ (l.e. -iri--GraCI.· ~~-conia-ràt-.) ia 'illiOwn i:!r~' 

Pigure 3.lla and 3.l2a,b • Evidence of brain adema wa. 

.confimed by the pre.ence of ',large ovoid .paces in the 

brain parenchyma (Ge.chlckter and Cannon, 1963, Triep, 

1979) 01 No distinct evidence of brain adema was visible in 

Grade l coma rat. and their brain (cerebral and 'cerebe1lar) 

histology was ~nd1stlngui.hable from control animal. 

receiviDg ~o GalN Ei.e. Grade 0 coma) (Figure. 3.ll.,b &pd 
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3.12a-4) • In contrast, extensive evidenca of brain edema 

was found in~all the .Gal~-PH' animals di,playing sign. of 

ovart" encepba~pathy (i. e •. <irade~ II -IV coma) • 

In ·these animals the presence of exten.ive brai~ edema 

(E) waa visible in the form of large ovoid apaces which 

were aeen scattered- throughout the cerebral and cerebellar 
, 

parenchyma, creating swell,ing .and distortion of the br.in 

ti •• ue (Pigure. 3.11c-t, l.12e,f, and 

progre.sive increase in the presence 

3at d). Although ~ 

brain _dema (a~ 
,t..c 1, \ 

.. timatea by the number' and' size of, 1:he edematou •• pace. 

(E) was •· •• n with increa.ing •• verity of coma (Pigur •• 

it wae not po.sible to adeq~at.ly elucidate the 

m,chani.m(s) involved in the'developmel\t of ,brain '.de~ by 
• J 

. l~gbt mioro.oopy alone. fûrth.r -atudy th!s,' .lectron 
, 

micro. copie inve.tigat~one were çarried out to observe the 

'ult:rastruct'üral' . ev_nt. 1:nvolved in ,the dev.lopment of brain 
" ' 

3.1.8.2 ~.ctron Micro.copy 

'The ultrastruetural change. 

d.velopment of br a. in edema , were 
1 -

<1 • 

.. 
occurring during the 

e~amined by electron 

micro.cppy .tudi.. performed 'on . 25 norma). ( i. e.. Grade -0 
~ 

coma) and GalN-FBF rat. in progr .... i~. .tage.' of liv.r 

injury (i.e. Grade. I-IV). 
, 

Bach group of 'animal. (i.e. 
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Figure 3.11. ,aepx-e.entativ:e light lldcro.copy ob.ervation., 
orthe cerebra.l til.ue from· normal -and' OalN-PHP rat.. a a 
Car.bral, 'parenchyma of 'a normal (Grade 0 coma) rat belor. 
galac ta. amin.. injection. A, clen.. and eompact ti.aue 
.tructure of th.' cerebral parenchyma can be ... n. ba 
Cerebral . tl •• ue frolll a GàlN-11U' rat ln Grade l' coma. ' 
~iCl.nc. of very IlÛ.l~ braln' ede. wa. vi.lble - at thi. 
t.ilDe. Oa Cerebral'ti •• ue trom a GalN-FBP ra,;,- in Grade II, 
coma. Bxten'ive evidence of ~rebral edem' (1) wa. vi.!.bl. 
at thi. time. ',d 1 Cerebral ti •• u. frOID a GalR-PHI' rat in 
GraèSe 'III '.com~. art.n.ive. wid •• pr.ad cerebral ed.ma (B) 
can lM '.en,. throughout. the cerebral pàrenchyma.· e .. fa 
Cerebral' parenchyma tram a GalN-~ ·rat in Grade IV coma. 
Bxtan.i~e brain ed~, In~. form of large ovoieS .paoe.' 
(1), 'lia. .een ,o,.tter.4 tbro~ghout the-' oerebral ptrenChfaWl, 
creating .velling and di.tortion of ~. ,brain ti •• ue. 
Ti •• ue. were fix.d ln Carnoy'. rluid and .tain.d a.log 

-"- ~-. ,- "---:' ------Oinn'llir ... ~toxylin-·· ~ - eo.iA- .~ - .taibiQ;._,~t.ghDiqu ••• 
, Magnlficatlon 360x. l" ' 

'. 

. ' J • 
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'FiWur. 3.121 R~pra.antativa light micro.copy ob.arvation. 
ol th. C'erabellar ti •• ua from normal and GalN-rsF, rat... a' 
'. bl Caraballar paranchyma of a normal (Grada 0 cOma) rat. 
halor. galaeto.amine injection. A dan •• aqd compact ti •• ua' 
.tructure of the cereb~llar parenc::hY'JD*, can be •• en. 0,' 
41 C.rebellar t~ •• u. frem a Ga).'lf-PHF rat in Grade 1 Ooma. 
Bvid.nc::e' of o~y very mild br~lin edema we. vi.ibl.. • Je 
f. è.l"èbellar ti •• ue fr.o. a' GalH-PIIP rat Ln Grade :lX. 
coma. Bxten.iv. car.bellar edama' (1) wa. vi.ible at thi. 

, ".time •. Evidence, of ti •• ue coœpre •• ion an~ di.tortlon 'i. 
al.o vi.ibl •• >Ti •• ue.' vere 'lixed in .car~oy·. Plui4 and 

" .tain.d u.ing Delafield'. hemat.oxylin and eo.in Y, .t.Loing 
technique.. Magnifica~ion 360x • 

.. 

r 
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pigure 3.131 Representativs light micro8copy observations 
of the cereballa~ .ti.sua fram GaiN-FaF rats. ~. 4b. 
Ceraballar tisBue from 'a GaIN-PHF rat in Grade III· coma. 
Marked ti •• ua edema (E) i~ visible throughout the 

• ber.bellar parenchyma. c. dl Cerebellar tisaue from a 
GalN-PHP rat in Grade IV co~. Extensive ti.sue edama (E)' 
èan he 'seen throughout the cerebellar parenchyma. Tis.ue 
distortion and compre.sion i. a1so distinctIy 'visibl~. 
Tissue. were fix.~ .in Carnoy'. Pluid and stain.d uain9 
DelatieId'a hematoxylin and eo.i~ Y ataining .teChnique •• 
Mag.nification 360x. '-.. 
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Fi~. 3.14. capiilary from the cerebral cortex of a 
no~l rat, before galactosamiae injection and· no li~er 
injury or coma (Grade 0 çoma). A compact cerebral 
pareJ)chyma wi th no visible evidence of any. abnormal 
astroglial (AG) Bwelling is evident. LI capillary lumen. 
Sample was fixe~ uaing glutaraldehyde and osmium tetroxide~ 
and was post-stained with uranyl acetate and lead citrate. 
&ar represents l~. 
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Grades O-IV coma) consisted of 5 animals. Representative 

results from these groups are pr.esented in Figure j .14 and 
\ 

Figure 3.15. Figure 3.14 depicts a cerebral capi11ary 'of a 

normal rat with no liver in jury· or coma (Grade 0 coma). A 
éJ 

compact cerebral parenchyma with no evidence of any 

abnormal astroglial (AG) swelling is visible. Figure 3.15a 

shows a typical cerebral capillary of rats in Grade l, coma, 
., 

24 hours after GalN-induced liver in jury. At this time, 

despite slight astroglial swe~ling, no major changes were 

evident in comparison with no~l rats. 
"-

Galactosamine results in maximum li ver damage 48 hours 

~ter its administration. 
/ 

At this time, 
~ 

neuro1ogical 

abnormalities auch as coma are a180 distinctly visib~e. 

Figure 3.l5b shows a typical cerebral caPi11ajr of a 

. Grade II hepatic coma. Extensive swelling 

ra~ in 

of the 

astroglial (AG) cytoplasm çan be seen in the pericapillary . . 
astrocyte. Abnormal " presence of cytoplasmic vacuoles (V) 

and swollen mitocbondria were seen throughout the brain 
" 

tissue; especially in the grey matter in the region of the~ 

brain stem and candate nucleus. Figure 3.15c depicts a 

cerebral capii1ary from a 

Extenslve a"Stroglial swelling 

rat in Gra~e I~I hepatic coma.~. 

and tissue necrosis can be 

ge~ in the pericapillary astrocyte (AG). Evidence of 

large cytoplasmic vacuoles as well as tissue distortion was 
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a1so prominent at th1.s stage ( i. e. Grade III comà). Figure 

3.1Sd depicta a cerebral \ '1 capl. lary Qf GalN-PHF rats in 
( 

1 

Grade IV coma. ' As was the case during Grade III coma, 

animaIs in Grade IV coma also' showed evidenee of extensive 

\ astrOglial swelling with- tissue necrosis (Pigure' 3.15d, 

'~a~row). Mitochondrial. swelling, abnorma1 presence 

see 

of 

,vac!J0les (V) " apd othe'i: ,cytoplaamic ab'errations were 

evi~ent,throughout the cerebral parenchyma. Evidence of 

tia~ue compression an4 'distortion due to brain edema and 
• 

8wèlllng was similar in animals manifesting Grade III and 
.:: 

Grade IV hepatic coma. 

! . . J 
3.1.9 lN&luation of the Bvolutio 

G~~acto8amine~Induce~ Fulminant 

. 

o.f Brain Bdema Dur ing 
fi:epatic ~ai1 ure 

In the present section, .a quantitat~ve evaluation of 

the evolution of brain edema fOllo~-!~9-.(!a.lN-induced liver 

inj ury is "presented. Since orain edema is best' defined as . " 

'an inciease in 'brain volume (swelling) 0..,in9 ta an increase 

in ita water content (Fisbmu, 1975, Rapoport, - 19767 GO, 

1980) " this was deteI1Iline,d. The developmerit of brain edema 

llas been st\1died 'in terme of bath Drain wate,r con1=-ent and, 

percent,brain swelling as f~llows= 
"-" 

. l ' 

-lS2 

. - , 

« 

, . 
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Pigure 3.15. Representative electron micrographa of the 
derebral cortex of Gàl.N-PHF rats in progressiv. grades of 
hepatic coma. a. A typical cerebral capl11ary' of a 
GalN-FHF rat iI) Grade 1 coma. At this<,time, despite slight 
astrogUal. (AG) swelling~ no major cnanges were evident in 
comparison wi~th normal ra te. b. . 'A typ;i.cal cerebral 
capillary of a.. GalN-FRF rat in Grade II hepatic coma. 
Extensive swelling of the astroglial (AG) cytoplasM ce.n be 
seen in, the perice.pilhry a8trocytè~ Abnormal vacuoles (V) 
and swoll~n mitoohondria are also evi~ent. CI\ A typica'l 
cerebral capi~la~y of a GalN-FBP rat· in Grade III hepatic 
coma. Extensive aatroglial awelling and tissue nécroBie 
can be seen in the pericapillary astrocyte (.AG). Evidence 
of large èytoplasmic vacuol,s' ,(v1, as well as tissue 
dÜ.~rtion,· was also prominent at this s,tage. d.' If 
typical cerebral capillary of a GaIN-FRF rat in Grad.e IV 
hepatic c~ma. Evi~ence of· extensive ast.rogliar (AG) 
swel+ing, tissue necros!s (see àrrow), mitochondriel 
8we11ing, 1 abnormal presence of vacuoles-, 'and' other 
cytoplumid aberrations were se en throughout the cerebral 
parenchyma at this time. L-capillary lumen. samples were 
fixed using glutaraldehyde and osmium' tetroxide" 'and were 
post-stained wi'th uranyl acetate and lead' citrate. Bar 
represents Ip.. " 
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--3.1.9.1 Brain Wat.r Content M.aeur ... nta 

Brain water content (g 820 /9 dry weight of brain') , 

rneas ur.mente were determined in normal (Gràde 0- coma) and" 

GalN-PHF ra-ta in ~ro9~ess ive stages (Grades I-IV coma) of 

liver inju;:y. , Results from a total of 53 animaIs aret 

preaented in Vigureo3.16 and Tab1. 3.6. A steady increaae 

in -6~ain water content was obaerved aa the animale 

progre'ased through increasing severit:t of COma (i. e. Grades 

O-%V coma). Increase in brain wat.er content firat became 

statistically signifieant (p<O,.02) with the development of 
1 ~ r' 

overt encephalopathy during Grade IIveoma. At this time 

brain water content increased from 3.474 ± '0.12 9 820/9 dry 

weight ( normal levels) to 3.531 :!:. 0.018 9 H20/9 dry weight 

(Grade II coma).' With increasing s.verity of coma further' 

inere .. e. in brain water content were obaerved. Just prior 

to death in Grade IV coma, br~in water content had 

inere .. ed by over 5.41' of control value. to 3.663 ± 0.027 

g H20/9 dry weight (Pigure 3 .16 ~d Table 3.6). 

3. 1.9.2 Estima tion of Brain SWe11ing During Brain Bdema 

Increases in brain , wa ter content ( i. e • brain edema) 

~urin9 progressive stages of liver injury- résulted in 

sub.tanti va swelling of the brain tiasue. It waa observad 

that relatively small increments in water content 

155 

c ' 

a 

,,"" 
f ~ 



~ 

... 
:. 

o 

- 6 
c:: 
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lime '~after gala,ctosamine (hrs.) 

o 

Figure 3.161 The percent increase in brain water content 
• vs the Urne (in hours) ,after galactosamine injection. The 

graph a1so depicts tne progressive increases in brain 
edema, as measured by increase in brain water content" 'with 
increasing severity of hepatic coma. ' 
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.. .; Table 3 .. 6 

.Measurelaents of Br,A(n [della ln Horar and Galacto$aÎrine-lndUCed FHF Rats 

~ ---- -~---~_ .. _-

Group ~rade of Coma Humer Sra in Mâter Con~pt S Brain Mater Content S Swe111ng 
No. of 9 H~/9 dry wt. of (inean .:!: SE) of Brain 

Ani mals bra n {mean ~ SE) '" (mean ! SE.) 

1 o (Normal) 11 3.474 + 0.012 77.649 + 0.061 0.000 - -
~ 1 , 16 3.492 + 0.009 77 • 736 + O. 041 0.393 + 0.196* 

3 II 11 3.531 .+ 0.018~ 77 .835 + 0.022 1~277 + 0.410*** - -
4 III 6 . 3.618 1. 0 .. 039 0 78.500 .i 0.162 3.671.1. '0.783 A 

- 5 IV" 9 3~662 + 0.0270 78.544 + 0.125 l 4.343 + 0.595' . -
. , 

Oetenmination of brain edema (in ter-.s of brain water content and brain swelling) in various stages of 
h~"c "coma (Le. Grade 1 through Gr~de U coer.a). Nonaal anilllills. receiving no galactosallllne 
injection. are designated as Grade Q COlla. A progressive incr:easë in brain water content vas observed 
wnich became signiffcant in Grade"U: coma. 48 hours ,dter galactosaillne injection •. Significant brain, 
svel1ing·was evident as early as Grade 1 coma, 24 hours after galactosamine injection. . . 

Statistical ,significance by Student '~I te~t: 

.~ 

* p<O.05 }, c. 
** 1'<0.02 with re.spect to normal (Grade 0 coma) rats 

*** p<0.OO5 :r 

<> p<O.os } 
â p<O.02 with respect ta Grade Il COIDil rats 
o p<O.OOl 

., 

b 1. . __ _ 

~ 

'f) 

.' 



r.pre.en~ed mueh larger volume increa.e. o~ the bra.in (i.e. 

brain awelling) (Table ~~ and Figure 3.17). Por instance, 

an incr.aa. of the bJain 1 a ~rcent water cont.ent from a 

normal value of 77.649' to 78.5,44' in Grade IV coma 

r •• ulteèl in awelling of the brain by 4.34' (ligure 3.16 and 

Table 3.6). 'l'hus, signifieant (p < o. os ) awelling of the 

brain was evident' as early aa Grade l coma, 24 houra after 
/ . 

GalN 'liver inj-ury. With the further progre8aiC::)D of "1iver 

~injury and the development of coma, .ubatontive swelling of 

the brain was 'obeerveèl wi th' - subsequent grade of coma. 

Althct4gh ,increaae in" brain swelling .. wa. observed with 

•• verity of coma, no .tatiatieally significant differance 

in brain swel1ing w&s observed betM.en Grade IIX and Grade 

IV hepa tic coma.' 

" 

3 ~ 1.10 Te.t ~or the structural Int_gri t.y of th. 81004-
Brain Barrier During the Dev.~o~nt. of Brain Bd ... 
in Galaetoamine-Induc.d 1 fUlminant a_pat.ie l'ailure 
bU- \ 

Br~in hiatology and brain wat.er measurement. 

eonelualvely proved the presence and~,v~ent .Of brain 

edama during GalN-induoed liver in jury. However, 'th.se 

etudies could. not provièl. the basic information regarding 

the nature of the evol ution of brain edema durin,g 

GalN-indueed aeute liver feilure. '1'0 det.maine thi. th~ 
, 

physical integri ty of the blood-brain barrier was tested 
~.;;J ,/ . ./ 
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OEVEL OPME NT O~ BRAIN EDEMA FOLLOWING 
GALACTOSAMINE-INDUCED L1VER INJURY 

GRADE 0' COMA 

" 

• •• 

• 
'0 1 0 Il III IV 

G"ADf, OF COMA 

; -, 

pi,ure, 3.171' The development of *ain edema following 
ga ~ctosamlne-induced liver in jury. TOp panel a Changes 1 in 
brai,n water content with the development of hepatic CQma •. 
Bottom panell The Percent swelling of the - brain (due Ito 
brain edema) with the progressive development of hepatic 
coma. f"rom this figure it is clear how smalt, increaees in 
bràin water content represént muph larger 1 increasés " in- . 
brain swelling. Statistical significance (by Student • t' 
test) with preceeding grade of hepaUc coma: 
* p < 0.05 
** p < '0.005 
*** p < 0.02 
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during progrel.~ve stage. of 

'l'rypan blue dye infuslon etudies ",ere 

normal and coma tose GalN-I"HF ra ta ( 5 
~ 

liyer . injury. 

ed out on 25 

each group 

Gra~e8 0- IV' heJ>aj:.i,c coma). 

pre.ented in Fi9~e 3.18. 

Representative relul ta are 

An intact blood-brain barrier 

normally prevente entry of the dye to stain, the b.rain. Any. 

ataining of the brain would reflect an iA.CreaS8 in 

permeabili ty, or the total breakdown of the blood-brain 

barrier. 

Aa was expaeted, normal animals (i... no li ver damage, 
'f· 

Grade 0 coma) showed no signifieant coloration of. the brain 
1{ 

'tiseue foll.owing intravenou8 trypan bJ.ua infusion (Figure 

3.18). With progre •• ion of ·liver injury but bafore the 

d,tvelopJ'Qènt of overt encephalopathy (i. e. Grade 1 coma) 

only a si.ight bluiah coloration of the derebral cortex 'lias 

ob'88rved. Duri99 Gra4e II coma, when liver injury was al~! 

maximal (1~.. 48 - hours after GalN in je et ion), both' the 
\ 

eerebrum and cerebellurn were only slightly taint.it blu •• 

However, between the two regions of thé brain, the ~~-, 
, 

beUurQ showed de.per ataining (pigure 3.18). With t\le 
, 

progre.~ion to deepar grade. of coma (l.e. Grade. III and 

IV hepa~ic coma), a distinct deep blue coloration of the 

total " 'was seen. Upon 'sectionitlg the atained brain at brain 

this time, th"e disti:nct. de~p blue ataining by 
.\ , .... 

trypan b1ue . 
'\lias. visible in the cer$brum, cerebel.luin, and r$9ions of th$ 

bra,ln stem. 
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Figure 3.18, Representative re.ults ahowing the integrity 
of the blood-brain barrier during progre8si ve atage. of 
GalN-PHr. A 2l solution trypan blue dye wa. infu.ed into 
the carotieS- ,.rter'y of nor_l (Gràde 0 COla) and oalN-PHF 
rat. in progre •• i ve grade. of hepatic coma. An intact 
blood-brain barrier normally, prevent. entry of the dye ta 
.tain the brain. Any ataining wou14 refl.ct an incr.a.e in 
permeability or the total breakdown of the blood-brain 
)lau'1er. An1mala receiving galact08amine injection 
(Grade 0 coma) .howed no .taining 'f the brain wi th trYP'\n 
l;>lue. GaIN-PHI' animale' in Gr d.. l ~nd II' hepatic coma 
.howed only' .light coloration the brain ti.aue. With-' 
progression . to de.par grade of coma (Grade. II and IV 
hepatlc coma) a distinct deep blue coloration of the brain 
wa. .een. Upon .ectioning the atained brain at thi. Ume, 
t.he distinct d.ep blue atain 9 of the brain wa. vi.ible in' 
tha cerebrum, cerebellumj a ~ ragions of the brain ~tem. 

,",,-- , 
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~3.2 PROSTAGLANDDJ B2 
BBPATIC INJURY 

S'l'UD.IES ~SAMIIIB-~CBD 

-. 

"The effécts of PGE2 on GalN-FHF rats in Grada II coma 
, ' 

ware studied as described in Chapter II of this thesis. 

On~y ra,ts in Grade II coma were used in th1s study as PGE2 

. had no significant .. effè'cts on the Burvival time of rats in 
" 

later grades' of coma ,( figure 3.22') • 
& 

Grade II coma a180 

repreunta 1 the stage of maximwn liver injury by GalN. PGE2 

l'las been reported to significantly increase the survival 

time of GalN-FHF rats in Gradè II coma (D!xit and Chang, 

1982). It iI!I a., yet still unclear 'Ilhat role PGE2 plays in 

prolonging the Il> s'Ury! val time in these rats. .' In the present 

\. study, the effects of PGE2 on the serum bi.ochemiatt:~ . and 
- .. , ~ l~ 1 ., 

liver histology has been studi,ed fol\owing GalN-induced 

hepatocyte injury and the development of Grade II coma. , 

Since the' evolution brain edema is a' major feature during 

GalN liver in jury, the effeete of PGE2 on i ta devplopment .. 
( 

was &1so investigated. Qualitative (brain hiato10gy) a. 

wel1 as quanti tat:l,ve (brain 'water content and brain 

'awe111ng) etudiee were p8_rformed and are presented 

subsequent sections of this chapter. 

3.2.1 Doae-~e.pQn8. of Prostaglandin E2 

in 

'l'he -Qose~response curve of PGE2 - ls shown in Figure 

3' .. ;.19. Of the range of PGE2 doses-tested, it was seen that. 
~. ~ .,; ..... 
-~_.-

-' 163 -

• -

J 

1 

~ 



<Ii 

DOSE AESPONSe CURVE OF PGE2 IN GRADE" COMA FHF RATS 

\ ... • 
~ -

25 
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- P°Ea 
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10 110 100 200 

PGE2 DOSAGE (~g/'OOg body w.lgh!> 

• 

\ 

" 

500 

Fiiure 3 .. 19& Dose-response curve of PGE2 in Grade II copta 
Gal N-FHF rats. various doses of PGE? were intra­
peritonea11y injected into Gal~-FHF rats J.n Grade II , 
hepatic coma. Any significant _effects of PGE~ on these -
rats ref1ected as significant changes in the survJ.val tirne 
of. the FHF rats. From these studies, it was found that a 
PGE2 of dose 100 J!g PGE2/100g body weight was optimal in 
its effect. 

- 164 

.. 

\ 

1 

1 

.r 



u a 

the 
r 

dose of 100 p.g PGE2/100g body weight was optimal 

in its effects. Table 3.7 and Figure 3.20 show the, effec~s 

of variouB doses of PGE2 on the surviva1' tim~ of Grade II 

coma FHF rats. A PGE2 dose of 50 P.9/1009 body -weight, Or 

lower, had no significant effects on t:he survival time JOf 

the rats te~ted. PGE2 dosage of 100 J.l.9 and 200 j.t9/1009 

body weight had similar benefichl effects of increased 

surviva1 time in the GalN-FBF 

significant l::>eneficial effects of 

anim'l~ testad. 

PGE2 were observed 
, 

respect to survival raté of the GaIN-FHF animals, for 

with 

the, 

range of PGE2 doses tested (Figure 3.21 and "Table 3.8). On 

the basis of these observation~1 the optimal dose of 100 l'g. 

body weight was selected fOr a11 subsequent 

experiments invel ving PGE2. , '! 

3.2.2 The Bffecta of PGE2 During Terminal stages 
. Gal.actosamine-Induced Fulminant Hepatic Fulure 

1 

unlike the response in Grade II hepatic coma GalN ... FHF 
-

rats, it was observed that PGE2 had no beneficial.. effects . 
in Grades III and IV hepatic coma ~ Th'È~re were no 8igD.1-

ficant effects in eit.her the survi.val ti.me or surviyal rate 
• 

in these latter rats (Figuré 3.22 and T@les 3.9, 3.10). 

lt was concluded th~t Grade III and IV hepatic coma repre-
1 

sented terminal. stages of GalN"FHF and were therefpre 

excl uded from the pr-esent 1 tftudy. Unless -otherw:lse i.ndÎJ::ated; 

1 ·~i)5 

• 1 

1 

.. 
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Table 3.7 

Dose-Response of PGEz fn Grade II Coma Galactosamine-Induced 
Fulminant RepaUc Fallure Rats: Survival T1me stûdies 

PGEZ Dosage n* Survival Time (Hrs +.SE) S ta t i st i ca l Si gnifi cance 
( g/100g b. wt.) PGEZ salTne (Studênt t-test)** 

* 

.. 

1 ~O 4.6+1.2 4.8 + 1.0 r.J p<(1, 90 N.S. 

10 36 3.5+1.0 4.0 + 1.5 p<0.80 N. S. 

.1:1 

50 4'4 5.5+2.0 4.5 + 1.1 p<0.50 N.S. 

100 66 16.2 + 5.2 4.3 + 1.6 p<O.05 S 

200 48 15.6 + 5.4 4.6 + 1.1 p<O.05 S 

Total numer of rats (from 3-6 experiments) for each of the PGE2 
treated and saline control groups. 

** Wi th respect to corresponding Mmatched· saline control s 

S • si gnfffcant . 
N.S. • not significant 
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DOSE RESPONSE OF PGE2 IN GR"'OE Il COMA RATS 

Il PGE2 

o SALINE 

J 
.' , 

Proataglandin E2 Do.age (\lOI 1 00'1 body welght) 

Fifure 3.20 & The effect of PGE2 on the survlval time of 
GaN-FHF rats in Grade .II hepa tic coma. PGE2 doses ranging 
from 1-200 P.9 PGE2/100g body weight were injected intra­
peritoneally into GaiN-FHF rats il! Grade II coma. Any 
sigAificiant effects of PGE~ were ref1ected as significant 
improvements i.n the surVlval Ume of these rats. In these 
studies PGE2 dose of 100 119 PGE2/100g body weight was 
optimal in its effects. 
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EFFECTS OF POE2 ON THE SURVIVAL -RATE OF GRADE Il COMA FHF RATS 

1 

Il POE 2 

o SALINE 

... 

1 

~ 

10 50 100 

PrOltaglandln ~ DOI.g. <.,g/100g body welghl) 

" 

200 

Pif ure 3. 21a 'The .affects of PGE2 on the survivai ra,te of 
Ga N-FHF rats in Grade II hepatic coma. Various doses of 
PGE2 ran9~.rI9 from 1-200 P.9 PGE2!1009. body weight were 
injected intraperitoneally into GaIN-FRF rats in Grade II 
coma, Any significant affect of PGE2 were reflected as 
significant improvemanta in the survival rates of the se 
rats, In the present studies PGE2 did not significantly 
improve the survival rates of Ga.lN-FHF rats in 'dr.ade II 
coma. 
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Tible 3.8 

Dose-ReSP2n$e of PGE2 in Grade Il eo.a Galactosa.1ne-lnduced 
Fulminant "!patie Fallure Rats: ,survival Ratë,stûdies 

.-.! 

~ 

PGE2 Dosage No. of 
Experiments* 

Survival Rate** (S) Statistical Significance 
( g/lQOg b. wt.) PGE2 saTine 

1 .... 3 28.3 + 5.1 30.8 + 3.3 

}O 3 30.4 + 5.0 33.0-.:!: 5.0 

., 
50 4 " 29.2 + 4.2 32.4 +' 5.3 

\ 100 __ ~~ ____ .. 38.31. 5.2 _ 31.~.:!: 1:-9. 
--.....::::...-~ 

200 4 35.6 + 6.0 33.3 + 4.8 
- -

, , 

,* fach exper1ment 1nvolved 8-12 rats ~or eac~ of the PGEZ 
control~groups. 

** Calculated from a mean of 3-6 exper1ments 
'***/With respect to corresponding -matched- saline controls 

S • significant .' 

N.S. • not sign1!icant 

• 

~ 
..... 

\ 

(Student t-test)~* 

p<0.80 ...... N.S. 

p<O.70 N.S: 

p<0.65 H.S. 

p<0.30 N.S. 

p<O.80 N.S. ' 

treated and saTine 

-... ~ 

r" 

-' 
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EFFECTS. OF PGE2 ON THE SURVIVAL TIME 

. OF RATS IN TERMINAL STAGES OF GALN-FHF 

5 .. « 

( v 
'l.. 

PGE 2 .. 
0 • 

.... SALINE 
• .. 
oC 3 .... 
ct 
E 
j: 

'i 2 > 
'; 

, .. 
:::1 

(1) 

1 

o 
Grade III Coma Grade VI Coma 

Fiiure 3.221 The effects of PGE2 on the aurvival t~e of 
rats in terminal ,stâge of Ga lN-FRF • Terminzll. st-agea of 
~alN-FHF have b~en descriQed as the stAges,when the rats 
were in <kades III and IV- ~ePatic coma. . PGE2 '41 injected 
intraperitoneally et a dose of 100 ~g PGE2/100g body 
weight. No significant improvements (.tin the 8urvival time 
was observed. following the injection ~f PGE2 .in theae ratl·~. .ç-

':~ ) 

. , 
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Table 3.9 1 

• 
Gradé of 

Cou 
PGE2 Dos~ge n*, Survival Time (Hrs) Stathtical Sfgnfffcance 

( 9/1009 6. wt .. ) ~E2 saline (Student t-test)** 

111 .. 100 jQ, 1.6.:t 0.6 1.4 .:t 0.5 ·p<O.80 N.S. 

IV' 100 . 32 3.5 !. 1.0 4.0 !. 1.5 p<:::O.80 ~ ... s. 
~-~-----'--- - - ---- ---r~ 

*. Total ruJai)er, of rats (fra. 3-6 experi.ments) for each of the PGE2 treated 
.and sa li ne.- control groups., _ . 

** W1th respect to corresponding w ... tched- saline controls • r-

S .. significant , ' 

N.S. • not signfffca~t Q. 
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Tàble 3:10 . 

TM Effects 'of PGE2 on the SurviVal Rate of Galactosaaine-Indùced 
Ful.'nant Kep!t1C Faflure RitS in ur.dës nI ana." IV RepaBc tOIla 

PGE2_0Qsage 
( g/loog b. wt.) 

No.' of 
E~per1ments -

Survival Rate** (Sl Statistical Signifieance 
PGE2 saline 't~ test~* 

------·--il-.. -----:- ~--- 7- -----~ 

100 4 o o N.S. 

~ 

IV 100 '0 N.S~ 4 o 

~--__ ~~~~~--__ ~~_rl-
* 
** 
*** 

\ 

EACh experfment 1n~nlv~ 8-12 rats for each of the PGE2 
control groups 
Caleulated from a mean of 4 experJments 
Witn respect to correspondfng -matched- saline eontrols 

~ , 

s • S1g'n1ftcant 
N~S. * not signifieant, 

/J 

, 

, 

1\- .. / ~ 

treated aIJd saline. , 
p. 

'\ 

"--
1 

!, 

.",. 

" 
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the 
~ 

pre.ent 
1\ - ~ ., 

.tudY inv_stigate4 th. effecte of POE2 (do.ag. 

100 p.g PGB2/100g bO~y weight) on GalN'-FBP rata .in: Grade 

II hepatié coma. p 

. " 

3.2.3 81004 B1ochem1.try , Anal~i. in. pro.tag1andin E2 
Injectee! Galacto.emin.-Inducèd Fulminant aepatJ.c' 
rail.ur. Rata 

stUdilci' on rata in 
.. 

GalN-PHP 

. Grade II hepa tic comà. pollow~ng the developmeJ\t of .. 
GaUf-nF; only th08e' fU1~âl8 whieh . had . . deve10ped 8ymptom. 

of Grade II hepatic coma vere seleete4 
, , 

for ;the ~B2 
• - . 

.tU;di~ •• as hO hgur. ~ 
# " " ., . 

"SubJlequently, PGB2 or pbysiologieal. sali:ne (aB 
... "~ 1 

èontrol) vas ' 
, 

inje,:ted 1ntraper 1 toneally into the Grade' Ii: coma rata. At. 
- - , 

sp8ciftc timel, . i.e • .t or:8 houta a.f~er PGE2 (.or. saline) 

injection, blood 'and' t-iaaue lamples were "obtai~ed for serum 

~iochemi.try and iive~ hiat01ogy.· Sinee the. mean 8urvival 

time in thé aàline injected co~trol an~la' was on1y 4.3 :!:. 

1.6 bra. (Table~ 3.1, and, ligure', 3.20) no '8ample~ could 'be 

obtained for the aniJnala in th!. group after 4 hourB. The 
y., , 

sample. • obtaine~ . were 
• 

dtsignated 
, 
aB followsz 1') 0 br. . . 

(initial sampfe, b~fo~e" PGE21saline injectionj, 2) 4 bra. 

âfter saline injection: 31·4 br •• ,af~e~ ~E2 'in~ec~ion7 and 
l , . -

, 4) 8 bra. after PGE2 inj~ct:i0n 0_ !>erum sample. were ~ analyze4 

1 -

, . 
" 
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for clinicàl biochemiatry . ' 
and li' ' electrolytes- by the SMAe-II 

( 

, auto~nalyzer as followa 1 
.; 

.J 

. 
SMAC resul ta of the 

" 

clinical biochemistry 

. analysis of the PGE2/ nline injected rats are presented in 

ligure 3.23 and Table 3.11. No statistica1ly significant 

bioehemical differenc'es Weare obaerved· in aIl parametera 

betweert ~e PGB2 and saline groups 
" 1') • 

PGB2/ saline injection ~ 'l'he incr.a.e in 
c 1 

at, 4 1\oura after 
( 

glucose léve1" ia 

.,' . due to the sub-cutaneous injection of 'SOI dextrose given to 
. 

aU." animaIs in bath group. to prevent the hypog1ycemia ... 
observed after GalN-inducedo hepatocyte- in jury. 

after POB2 injec .. ti~n~ the· elevated ~erum' ~tJN 
Eight hours 

levels W8re 

reduced ,significantly' (p < '0.001) in comparison ta leve~ • 
• 

. 

• 

, 

observed at 4 houri in the same group. When compared to 0 
'lJ. '. 1ft 

hr. (pre-PGE2/ saline injection levels), the e1evatt?d. serum 

creatinine levela in PG~2 ~ inje~ted animaIs ~re a180 

signific~ntly (p < 0.001) reduced (ligure' 3 • 23 and 'l'able 

3.11) • Total bilirubin levels were significantly_ 

(p < 0.001) increased in the POI2 uimals 8 bours after PGÉ2 

A "'detail~d) ~alysis .pf 'the -cl~nical ~njection. 

biocherist.ry of PGE2/ sal~ne inject.ed tinimall ia as followa" - • 

L 

o . ' 
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POEt STUDIES-SEF\UM BIOCHEMISTRY 

~ 

Glucos. Total proteln 

1 == .... ; . 

BUN Albumln 

~ ~'Oj .. ' 
Q 2.5 ..... -=, ~:::::::J:::jJ--...... 

o 

Cre.tlntn• Tot.' blllrubln_ • 

]~ ..• :3~·· 
2. 1 " 

\ 

o ' 
, 1 

Urie acld 

;;,"~'Oj ~ 
Cà 2.5 ' e . -..:..-... 

o '. 

F 

o 
1 

8 

Chole.terol 

~:~3~' ,e 50 . -
o 

0" 

] 

4 

1 

8 

Tlme àfter PGE2'.allne Injection (hra) J 

'" . 
, b 

Compared to 4hrl PGE2 • P"< 0.001 

\, 

-_. PGe2 
_- SALINE 

( 

~ •• P < 0.001 Compared to 0 hra O.e.ôefore POE2 '8allne Injection) 

Pigure 1.231 Serum bioch~mietry analyeis, as performed by 
the SMAC II autoana1yz~r, ~ during the PGE2 etudies.' PGE2 
was intraperitonea11y injected into- Ga1N.2I!'ijF animals in ~ 
ç;rade Il' hepatic coma. Serum samples were obtained for 
~analysi8 before PGE2 injection ( i. e., 0 hr. ) , and at 
specifie timea (i.e. 4 and 8 bra.). afterPGE~ (or saÎlne) 
injection. Statistical significance was determl.ned by the' , .-.f 
Student 't' test. t 
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Table 3.11 

Serum B,1ochelD1$tr:'~ Anal!!ts: PGE2-Studies f 

~ . j 

Time of -'0 hrs 4 hrs after - 4 hrs after 8 hrs after 
.. Samp~i"g (hrs.) (Grade II Coma')' PGEZ inj~ctton sa11né injection PGEZ injection ( 

n . 13 9 -" 7 ' 14 t~ 

• , '" 

G T ucose: \.. 91.00 + 4.9 ~.;o + 5.8 153 •• 0 !. 6.1 160.90 +·23.7 

/ (mg/dl) - - '" .., 

DUN 23.30- + 1.41 • . , .' 42.20 !.. 3.48 36.67 !.. 6.9 24.80 + 1.'3* 
(mg/dl) - ,. 

, > . . .. /1 ( 
~ 

Creatinine 1.03 + 0.04 1.30 2:. O. 06 -1.20 + 0.5 O. 78 ~j):04** , 
"'" (rWiJ/dl) ... - / 

-
0\ ;; 

Uric Acid 1.91 !.. 0.09 3.92 !. 1.2 1,,70 !. 0.2 k. 60 + "O.12 
(mg/Si-l ) '" • \ 

Total "Proteins 4.96 + 0.10 4.94 + 0.13 . 5.13 + 0.17 4.74 + 0.15 
(g/dl) - \ ... 

Albumin~ 
r . • 3.07 + 0.07 2.76~ 0.07 1 2.97 + 0.14 2.78 + 0.08 .> 

". . - - :-
(g/dl) ! l ---;s 

Total Hi1irub1n. '3.38 + 0.10 4.42 !. 0.59 3.50 + 0.tz6 5.39 i -0.5** • {., 
.,/ -"ç;... (mg/dl) .. \ .... 

l , ., .... 
Cholès'terol 129.00 + 6.5 98.00!. 4.5 . 89.70 ~ 8.2 120'. 60 + 12. 6 
(~ ~ 

~ 

1 
~ 

',~ ·tirs after Galactosami.ne injection - j 
* p<O.OOI compared ta 4' hrsJIGE2 . v # 

**p~O.OOl ëompared' ta 0 -hrs (i.e. beforé PGE2Jsaline injection) :l. 
.... 

) .. 
'" c. 

~ -\ 

/> \ 
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IÔ 
1) Gluco ••• effect on 0< preven ting the !T 

fall, or causing-'the el.evat!p,D of serum 0 glucose levele in 

Grade II coma FRP 'rats. Sinae sevére hypoglycemia ia' a 

majo;- aymptè)m of Gal.N induced hepatoc~e injury, all 
~ 

animal. 'were 9i ven 2 ml of 50% dextrose by sub-cutaneoU8 

injection. Thia was sufficient to preve~t tne hypogiyeémia 
• • 

and restore ser,um gl ucoae to pre-GalN l.evela. 

in '.serum glueose .. ~m 97.0 .:!: 4.9 mg/dl to 146: 7 

in ~E2' anim~ 4 hours PGI2 waa due 

Tbe increase 

.! 5.8 mg/dl 

to the sul:>-

cutaneoua ~extroae. injection. C~Ol PHF animal. 

receiv1ng saline ~ad aimilar" incre' ••• in glucose level. 
. ~ ,\ .. , . 

'" 

" ... 

II" , 

_ fol~owing subcutaneoua injections of sot dextrose (F4gure . 
~ 3.23 and -Table 3 .. 11). , --. 

2) Blood (', Urea Si trogen 1 A. nearly 1.5 to 2.0 fold 

inçrèà8e in BUN l,vela wa8 aeen' 4 .. houra after sa1 ine ànd 
, 

PGE2 injec~i?n re8pe~tively. Thi. e1evation of .er,um BUN 

correapol)d.d ta the. sinùlar BUN increa.e .e.n when the rata • 1 

progrelled from Grade II toi G~ade III col!la (Pigure 3.6 and 
1 

'l'ab1. 3.3). A ~igni\!-ea'nt (p< o.oot') fall in D8N levela 

waj, obae'rved 8 ~ hour8 'after PGE2 injection. At thia t.ime , . --.;- , ' . 
BUN lèvels were similar to thOBe seen during Grade II coma, 

'-
juat prior ta PGE2 .injection (piqure ,3.23 and Table 3.11) •. 

Incidental.ly, this was a180 the leve1 obeerved ,dlU"ing Grade r , 

IV çoma, just prior to ~eath (Figure ,3.6 ~~''irabl. 3~3). 
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l}' creatinine, 
.. 
No signifieant increases in serum 

creatinine levels vere observed in either the. PGE2 or 

saline injected animals at 4 hours (Figure 3.23 and, Table 

Bowever, at 8 hours after PGE2 injection a 

siqnifiçant (p<b.001) decrease in creatinine was· observecr1 

and was similar' to the creatfnine level seen during Grade 

IV coma, just prior tp death (Flgure 3.6 ,and Table 3.3). 

4) Urie Acid 1 A greater than~ 2 fold ~ncrease in urle 
, 

acid levela was' observed in the PGE2 injeeted rats' after 4 

hours~ Control r.ata i~jected with only saline showed no 

auch elevation ,in urie acid levels at this, time •• At. 8 , 
J 

hours after PGE2 "injection, urie aeid lèvels dec1ined to 

those aeen in Grade XI coma, prior to PGE2/ saline' injection " , -

(ligure '3.23 and Table 3.11). 

, S) TOtal proteine 1 No sig,nificant differencea 1n 
~ 

total protein concentra tions were <?l>served aft.er 
;-

PGE2/ ~l:Ltne injection (Figure 3 .. 23 and Table 3.11). 

6) Al.bumin 1 
\, 

No' signiticant alterations 

concentra tions wère observed following 1 

injec~ion (Pigure 3.23 and 'Table 3. 11) • 

in all;>umin 

PGE2 / saline 

71 TOtal Bilirubini A steady increase in total 

bilirubin PGE2 -rnjf!ct'ed 
, 

levels was seen in the rats. The , 
ft 

inarease became statistically significant. ~ 8 hou1'ls after .. 
PGE2 injection. At this time a nearly :1:.6 fold increase in 
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to tal bil irub in was observed over those measured dur ing 

Grade 1 l cpma (i. e. a t 0 hr .) . Con trol an imals rece i v ing 

only saline showed no such increa§es (Figure 3.23 and Table 

3.11). 

8) Cholesterol: No significant differences in serum . 
choles térol levels were observed be tween the PGE2 and 

saline injectetl groups. Despite a slight fall (at 4 hrs. 

injec tion) , choIes terol leveis remained 

elevated at 8 hours aftèr PGE2 injec tion (Figure 3.23 and .. 
'l'able 3.11). 

3.2.3.2 Serum Electrolyte Ana1ysis in PG&-2 Studies 

Serum e1ectrolyte measurements obtained during the 

PGE2 studies are~gresented in Figure 3~24 and Table 3.12. 

Al te ra tions in all ions, wi th the exception of Calcium, . 
were A~en during the course of this study. Specifie 

electrolyte changes are deacribedt as follows: 

1) Sodium: A significant (p<O.Ol) decrease in sodium 

was seen as early as'" 4- hra. after PGE2 .injec tian. No 

further change in sodium was observed at 8 hours PGE2 

( Figure . 3.24 and 'l'able 3.12) • 
,. 

In . "the con trol rats 
r 

receiving only saline, sodium levals followed the normal 

pa ttern~ observed during the transi tion from Çrade II ta 

Grade III coma (FicJure 3.7 and Tabl' 3.4). 
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PG~ STUDIES - SERUM ELECTROL YTe A~AL YSIS (--

Na+ 

Ca++ 180 

~ 120 15 
::: * g" 80 k:.::..:'. CI ;; 10 ...... 
E 

40 ""- T 
Cl! e 5 0 

K+ 0 

10 

** ::: ~ .' *** g" 5 QI f"' 
E 

0 PI 

c,- 12 
.~* 

100 * .. ..... , ..... ;; * ""- 8 
Cl! 

:::: 50 
E 

g" 
CD 
E III 

0 

0 

o 8 o 4 8 

1'ME AFTER PGE2 /SALINE 'NJECTION (hrs) 

• P < 0.01 compared to 4hrs PGE2 

•• P < 0.05 compared to 4hrs PGE2 

••• P < 0.02 compared to 4hrs 8811ne 

* P < q.005 compared to 0 hrs (i.e. before PGE2 /saline Injection) 

** P < 0.01 compared to 0 hrs (i.e. before POE 2/8allne Injection) 

PGE2 
......... SALINE 

Figure 3.241 Serum electrolyte analysis, as per~ormad by 
the SMAC II autoanalyzer, during the PGE2 studies. PGE~ 
was intraperitoneally injected into GalN-FHF animals in 
Grade II hepatic coma. Serum famples- were obtained for 
ana.lysis before PQE2 injection ri. e. 0 hI: .) , . and at 
specifie times (Le. 4 and 8 hrs.) .after PGE~ (or saline) 
injection. Statistical significance was determ~ned by the 
Student It l test. 
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Table 3.12 

Serum Electrollte Ana1ls1s: PGE, Stud1es 
~ 

lime of o hrs 4 hrs after 4 hrs after 
Samp 1'1 n9 ( hrs) (Grade Il C-oma) , PGE2 injection~aline injection 

'-

n 13 9 7 

... 
Sodium 150.C80 + 0.87 142.40 + 1.9 145.00 .:!:. 4.70 ) 
Jmeql1) .. 
Potassium 4.78 + 0.38 6.75 + 1.1 7.00 + 0.67 
(Ole<\/l) 

Chloride 95.73 + 0.99 92.60 + 0.87 95.00 + 2.60 
(meq/1 ) 

Calcfum ... 9.88 + 0.40 '8.82 .:!:. 1. 7. 10.60 + 0.3 
(lJII~/dl ) 

lnorganic 
Phosphorous .. 11.84 + 0.62 11.22 + 0.8 11.73 .:!:. 0.73 
(g/dl ) 

1 48 hrs after Ga~ctosamine-inject1on 

* p<O.OOl g>~paretl to 4 hrs PGE2 
** p<O.OOl compared"to 0 hrs (i.e. before PGEZ/saline injection) 
*** p<O.02 compared to 4 hrs saline 
A p<0.Q05 compared to 0 hrs (i.e. before PGE2/saline injection) 
o p<O.Ol compared ta 0 hrs (i.e. before PGE2/saline injection) 

~ 

8 hrs after 
PGE2 injection 

14 

144.60 + 1.6 

4.95 + 0.36*** 

96.00 + 0.66* 

9.46 + 0.47 

9.10 + 0.49**,A 



2) Potaeeiumz Although no signifieant differenee in ... 
potassium levels wa. observed between the PGE2 and saline 

;-

groups at 4 hours after PGB2/saline injection, serum 

potassium wa. significantly (p< 0.,,01) elevated in the 
') 

control gr~up (reeeiving only, saline). Eight hours after 
, 

~ PGE2 injection, the potassiu~ level was signifieantly 

(p < 0.02) lower when eompared' to its levels in the control 

(saline) group at 4 hours after saline injection (pigure 

3.~4 and Table 3.12). 

3) Chlor1del No signifieant change in chloride levels 
, \ 

WBS seen in the PGE2 "or saline control groups at 4' hou~''!l~ 

after PaE2/saline i~jeetion. At 8 ho~rs after PGB2 
\ 

injection a alight rise in chloride levels was observ~d. 

The fluctuations" in ch~oride levels remained' within the 

normal physiologieal range (Pigure ,3.24 and Table 3.12) • 

4) 
....... 

Cal,eiwDI Despite minor fluctuations, , no 
• f 

signifieant change in 'calcium levela waa seen during the 
~ 

course.~f thia study (Figure 3.24 and Table 3.12). 

~) lnorganic PhoaphoroUBI A steady decline in inor­

ganic phosphôrous was seen during the cours&of this studf. 

The decrease in phosphorous bee~e' statistically sig~if+-

cant (p < 0.005) 8 hours" after 

animals receiving only saline showed 

PGE2 izpection. Control 
F no slgnifieant, varia-

tions in phosphorous levels (ligure 3.24 'and Table 3.12f. 
.. 

~~ 
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, .... 

The measurements 
.).. 

" 

of ·liver enzymes gbtained during th. 
• 

PGE2 studies are presented in Fig ur. ,~.25 and Tabl. 3.13. 

A signifieant decreaae in enz\noe levels wa~ seen only in 

the. PGE2 in jected group. In partleular, serum' ,ABAT and" 

ALAT showed (significant decrea8e during the course of this 

fJtudy. No signifieant changea were observed in AP and LOH 

in this atudy. , ~etail'ed aaseS8menta of enzyme changea are 

.. ,presented below. 

• 

\ 1) A.partat~ Aminotr~.fera •• 1 A significant 

,\ , 

(p < 0'. ad decrea •• (17\> in 'A8~'l' l.vela waa observed in th. 

PGE2 injected animals as early a. 4 hours aft.r PGE2 injec­

tion.· ASAT levels remain.d d.pr •••• d at thi. l.vel .ven at 

8 hours' after PGB2, injection. Th.re were no sta1;.iatically 

significant variations in ABAT l.v.ls in th. control rats 
• 

re~eiving only ,8alln.' (7igure 3.25 and 'l'abl.' 3.13). 

2) Alanin. Aminotranafera •• 1 Aa wa. for, ABAT ( above) , 

ALAT levels also steadily fell after PGE~ injection. 'l'he " 

decrease in ALAT bec&fte-statistically aignificant (p ~ 0.05) ( 

In control rata receiving 

onlY saline~ ALAT levels remained sta~~atically unchanged 

, ~he. compared to levels aeen during ·0" hour (.igure ~.2S- ~ 

. and Table 3.13). . . 
1 

~, . 
' .. 
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POE 2 STUDIES LI VER ENZYME ANAL YSIS 

ASAT (OOT) . / Alk. P 
8000 • )"00 

1 ." 
1 

- - 350 :3 3000 -' 
~ POEt 

• .. /SALINE 

.0 {J 
0 

ALAT (OP1) LDH 
7500 

~ .. 
5000 

::: 
::), 

>4300 • .. -. 
eoo 

-..... 1 :::> 300 
2500 

• 
0 ,- .. o 

: 4· J?4 8 o 4 '. 4 

TIME AFTER PO~/èALlN~ INJECTlON (hr,' 

, 
, • e < 0.01 compared to 0 hn (I:~. b,'or. POEt , •• lIn. InJ.etlon.) .* P< '0'.05 comp.r~d.to O'hn (I.e. b.for. POEt'taUn. Inj.ctl~n) . ! 

,Piiure 3.251 .Liver. enzyme anaiyais 'durin~ thé' PGE2 
~tudle8. PGE2 wa~ intraper~~nealIY injected into GaIN-PHF 
animals in 'Grade .J:I" hepatic coma. Serum sample. were 
obtained ~t\ analYlJil'before PG 2' injection, (i.~. '0 hr'-), 
and at' specifie timea (i.e •. ~ and 8 hrs.) after POI2 (or 
saline) injection. Statistical significance was determined 
by. the student,.! t' test. 

184 -

.0 

\ '.. ><i' 

., 

, . 

01 "'~ .. \. 



1

· 
i ,. 

f t 

d -

J .. ./ ", J-c . 
\.--

... 

\ -. 

," , 

.... 
(0, 
Ul 

# 

.. 

" 

", 

, p 

~. \-
/" 

.. 
" 

' .. 

Table 3~13 

Ltver Enp Analys1s: PGEj'Studies 
4 1 

Ti me of .• '. 0 hrs 
~pl1~g '(hrs) -:CGrade li co.na)· 

4 ~'after 
PGE2 injection 

-------- ---- - - ---- - ----

h "0 13 9 

4 hrs aftèr 
saline injection 

-1 

... 

1 
8 trs after 
PGE2 i.nject1on 

14 

,ASAn (GOT) 3'756 .. 8 + 197.1 
(u/ ): '. ' ' ,-' 3101.1 + 124* - 32S2.0 :.!:,'5J4.F - 2983.3 + 184* 

ALAT (GPT) 6899.1 ! 415.8 
,(U/1 ) 

-5970.9 !. 636.7 5949. Z- !. 917:2 

AP 
, . (tr/1) 

. 598.6 op 66.9 603.3 !. 17.2 

WH' ./ 4800 4300 47.00 
(U/1 ) 

.- 48 ttrs after Galactosamine injec~on 

* p<:O.91 compared ta 0 hrs (i.e. ~fore PGE2/s.1ine 1njeçtion) 
** p<O. 05 co~pared· ta 0 hrs (i.e. before. PGE2/saline inJ,ection) 

"\ " )os 

5057.3 + 721.6** - ,~ 

579.4 + 31.9 

4700 

, 

.. 

.. ' 

" 

J. 

1.' 

.. 

" 
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3) Allcalin. Phoaphata ••• No signifieant changes in 
. ,~ 

.erum ADe. P were observeeS in eitber thè PGI2 or saline 
, 

(control) group. in thi. study (Figure 3.25 and Table 3.13) • 

4) Lactia Debydrogenase. Similar to Alk. P, LOH 
,,~ 

levels rem,ined unchange'à iri bOth . the PGI2 and saline 

4njeeted (control) groups throughout the eourS'e of thi. 

".' study (Figure 3.25 and Table ~.l3). 

3.2.5 Histologica1 Studie. o~ th. Liver Dùr~ng PG!~ Studie. 

"', Light and e1ec~ron nQ.aroscopy of' !:J.ver ttesue vere 
, , 

performed at ::raifie tilDe., (i~e., 0, 4', and 8 heurs' af~r" 

P012/ saline " injeat.-ion) . during' the" Pal2 etudie8. 
r 

a.presentative results frQm ~re than 50" rats fixed -' for -, . 
1ight and electron,microscopy are preaented below. 

, 3.2.,5.1 Llgbt M!cro.QOpy of the Li ver nur.tng PGI2 St.~i.s 

, Thl- ,following . are . representative observations fronr 
" , 

~p~roximat,ly 30 rats wbl.ah 

,microsaopy. 

, 
\tIere fixed­

t 

htst.ology 

.... 
for light, 

reli'ult.e are ,'Light : m;i.croscope 
~ 

.. pl:"esented in', Pigure 3.26.,', ' P'i9~., ~, :3 .26a repreeents 'a' 

h~pati~ lobUle 'during Grade II coma, (48 hour~ af~er GalN 
" 

. induced hepat.oayte 

injection. The mottled'"app~arance 'of hepatocy~es ooup1ed 
, . , 

Vjth the total ~ioar~ay Of:e ~:l êord-like 

, , 

arrangement. 
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Ptqure 3.261~ ~epresentative histological observations of 
the light îû1cro8copy performed on 'the ,liver of rats in the 
PGB2 studies. POEa was intraperitoneally _injected into 
GalN-PRP animal. . in Grade II hepatic cou. Liver tissue 
samples vere obtained for histology before PGE2 ' ,( or salina) 
injection (i.e. 0 br.) and at apecifi~ Umea (i.e. 4 and 8 
hra.) after PGE2 (or aaline) inje~Ci • a. A hepatic 
lobule from a rat in Grad. II just prior to PGE2 
injection (0 lu;.)., .Mottled appearance the hepatocyt •• 
coupled with the, total diaarray of the normal cord-like 
arrangement of the hepatocytes ia .vident. . b. S.ct10~ ,of 
a ~~patie 'lobule 4 hours after ialine injection (control 
group). Maaaive hepàtic ne~rosis 'with evidence' of 
karyolyais 111 preaent. 'Different;ial ataining diatingui8h,.a 
via~le fram neerotic_h~patocytes. CI- 'Section o~ hepati~ 
~obul:e 4 bours, after PGB2' injection. pr'.aence of intact 
viabre beP4toeytea I\lre more prominent with, reapect ,ta 
corres'ponding rats \il'1j.é:t.e~ vith onl~ saline. dl sectio~ 
of hapatic lo~.ul .. 8 beurs, after' PGE2' injection. Neerotie 
,hepatocytes undeJ;'going, , Jcaryolysis and . 1-nflamatory 
1~~i1tration8 " betwee~ ad'jacent hepatocytea àaIr ba. ae,en 
throughout. the hepatie lobule. All tissuea were ,fixea ~" ln 
Carnoy~ 8 'lu14 and atained u81ng ~elafield' s hema,toxylln 
and 8Osio Y staining techniques. Magnifieation al 360x" 
1>-4. 40Ôx. 

, ' 

.. 
\. 

\' 197 

\. 
. .... 

,. 

-1 
\., 

. -
• 

t 

" 

\' 



... 

, , 

, 
" '. 

( 
" 



.. 

" o'f hepa tocytes is eviden t. At this time maximum liver 
" 

daniag~ had'also occurred. ,Figure 3.26b shows a section of'" 

a hepa tic lobule 4 hourt;l af ter saI ine injeè tion (con trol 

Massive hepa tic necrosis "Ii th ,évidence of 

karyolysis 

distinguished 

is cleat'l. The differen Hal staining 

viable from ~t:.lo tic hepa tocy tes. The 

hepa tic 
or' .. 

4 hour;y'after PGE2 injection ls shown in 

Figure 3. 26c. The preseJce of in tac t viable hepa tocytes ' ia 
• 

more pro~inent with, respect ~o,co~reaponding rats injected 

with only saline. Although sor I)ecro tic hepa tocytea are 

visible' , the majori ty of the hepatocytes still app~ar 
, 

viable. Figure 3.26d shows ~ 'section of ~ hep~t~c lobule a 

hour,s after injection. . Total diaarray of the 

cord-like arrangement of the hepatocYotes .is dis tinc Uy 

evidÉmt. Necrotic hepatocytes undergoing 'karyolysîa and 
1 

,inflamma toJ:'Y infil tra. tions be tween adjaçen t hepa tocytes can 

be seen ' throughpu t the hepa tic lobule. The mottled 

" appearance due to differen tial 
1 

staining separa te viable . 
from necr'b tic hepatocytes. The hepa tic lobule ''-shown in 

P'ig..w:e-3.26d shows marked similari ty to the hepa tic lOQule 

4 hoùrs after sali.ne injection {Figure- 3~-26b.>. 
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3.2.5.2 Ulttastruetural observ~tion~~ of 

.. 
the Liver During 

PGE2 StucSi •• 

,~ ,Li ver ultr~structure was studied ~t specifie ~imes 
.', 

-(i'.e. 0,4,' and a hours after. PGE2/saline injection) duriqg 

the PG~2 studies~ Electron microscopy of the hepatocytes 

f was performed on at least 20 rats involve~ in 
/ 

these 
/ 

studies. Representative ultrastructural observations of 

the hepatocytes are presented in Pig~e 3.27 and 3.28. 

Pigure 3.27a' depicts a normal hepatocyte before 

Ga·1N-induc.ed hepatloc'Yte iAjury. The location of the 

endoplasmio retieulum (Ea) and the mitochondria (H) 'can be ... 
seen distinct and separate from e~ch other -and the nucleus 

(N) (Pigure 3.27a). '. - In this, figure, the oval-èhaped 

~mitochondria wit~ in~erdigitating cristae are also clearly' 

'v1.,8!ble. Figure. 3.27b .~ows a typ1cal hepatocyte during 

Grade II COJOal 

just prior 

characteristic ' 

a11gn itself with 

after GalN-induced .liver in jury) , 

injept!on, i.e. at 0 hour. The 

of the 1ER and mitochonè1ria to' 

nuclear membrane . is evident ~t this 

t±me _ (-Pigure 3. 21b) ~ Severe ·mitochondrial· aberrations 
6 .... 

( ~ . 1 d d e.g. e ongats ~n dumbbelt-shapttd . appe~rance) with 10s8 
.) 

of cristae are also ev~de~ at this time (Figure 3.270). 

Figure 3.28~ depicts -a hêpatocyte 4 hours after control 

saline injection. TP~ onset of hepatocyte ~a~yolY8~a i8 

apparent. At th!. time, ~~verely dist~rted 'mitochondria 

- 190 - '"! 

.. 
. / 



\ 

/ 

, , 

pigure 3.27, Some repre8~nt~tive ultrastructura~ 
observatlone from normal, and GalN-PBF rats in Grade II 
hèpatic coma just prior tb PGE2 injection. a, A 'typical 
normal hepatoèyte bafora GalN-induced hepatocyte injury. 
The location of the endoplaamic reticulum ,(ER) and the 

_ mi tochondria (M) can be, seen distinct and "parate from 
each other and the nucleus (N). b 1 A typical hepa tocyte , 
during' Grade II coma, juat prior to· PGB2 _ injection. The 
characteristic migration of the ER and nu.tochondria (M) ~ 
align themaelves with ·the nuclear membrane 18 evident Jl~ 
thi. time. . CI S~vere mitoeh9ndrial aberrations 
(elongation and dumbbell-shaped appearance) with lose '·'of '. 
cx-i.atae are aleo evident at thi. time. Samples were fiz.d 
uaing glutaraldehyde and oemium tetroxide, and Wére 
pO.t-8t.i~ed with uranyl acetate and 1ea4 citrate. Ba~~ 
repre8en~8' l~. ~ 
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(!' " pigure 3.281 some representative ultrastructural 
obâervations of hepatocytes during PGE2 etudiel. PGE2 was 
~njected intraperiboneally into GalN-PHF rats in Grade II 
hepatic coma. al A typical hepatocyte 4 hours after 
saline injection (control). the onset of hepatocyte 
karyolysis is apparent. At this time th~ endop1asmic 
reticulwn (ER) can be seen surrounding the, nucleus in a 
ring-like formation. severely distorted mitocnondria (M) 
are also Cvisible in the hepatocyte cytoplasm. b. ' A 
typical hepa tocyte from the group of rats recel ving ~E2' , 4 
hours after its injection., The ER cao be seen, circling thè 
nucleus but no evidence of hepatocyte karyolysis was 
visible in the PGB2 treated 9rollP. Bight hours after PGE2 
injection, the majority of the hepatocytes appeared to 
undergo karyolysis and, appeared similar te that sho~.in 
Pigure 3.28a. Tissue samples were fixed in glutara1dehyde 
and osmium tetroxide, and were post-stained with uranyl 

. acetate and lead citratè.. .E!ar represents 1p.. 

-.ïJ.93---
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were visible in the hepatocyte cyt.opl~sm. The ER can also 

be seen surrounding the nucleos in a ring like formation 

(Figure 3. 28a). Figure 3.28b shows a typical hSpatocyte: 

from . the group of rats receiving PGE2' 4 hours after its 

~ injection. The ER can be seen circling the nucleus but,' no 

evidence hepatic karyolysis was seen in the PGE2 treated 

group at this time. Mi tochondrial distortions were still 

evident and a greater number of them were seen in the close 

proximity of the ER and nu«leus (Figure ~. 28b) • Eight 

hours after PGE2 injection, the majority of the hepatocytes 

appear3d to undergo karyolysis and appeared similar to that 

shown in Figure,~ 3 .~8a. 

3. 3 THE EFPECTS OF PGE2 ON THE OBVELOPMBN'l' OF sRAlM' EDBMA 

During 

brain ededt~ 

the 

was 

course 

a 

of this study, it w~~ent that 

critical. and Qominant secondary 

complication 'during GalN-FHF. It was also s.n that PGE2 
\ 

significantly prolonged the .survival- time of rats' in Grade 
, ' 

'II hepatic coma. The following study was executed to-
1 

determine whether PGE2 had any effects on the development 

of brain edema in thes8 rats". Brain edema was assessed in 

terms of brain water. content, bra&-n swelling, as well as by 

tissue histology. Additional stud'ies: involving intravenou,s 

,trypan bl ue dye infusions were dso carried out to de"e~ine 

/ 
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the structural integrity of the blood-brain barrier during 

the PGE2 studies. 

3.3.i-.. a,rain Water Content ,Measurementa During PGE2 Studie. 
\ 

Brain water -content measurements were obtained at 
. 

'specifie times ( i.e. 0, 4, and 8 hours after PGP!2 or saline 

injection) during the PGE2 studies. Table 3.14 contains 

the brain water content 
, 

measurements< (9H2o/g dry wt. of 
4: 

brain, tissue) of the experimental animals in these PGE2 

studies. prosta,glandin E2 or physiological saline as 

control was injected int,raperitoneally during Grade II 

coma., 1. e. 0 bour. ~t 4 hours (afte~ 'saline injection) a 

signifioant (p<O. 01) inorease in the water content of the 

brain was observed in ~e control animaIs recei'ving saline. 

In contrast, a similar matched g~oup ,of. rats receiving 
.' 

PGE2' instead of s~li~e, showed no Bucb inereassa in brain 

wâter content at this time ('l'able 3.14). Ei'ght hours after 

PGP!2 injection, the brain water contEmt had decreased below 

initial levels seen prior ta ~ PGEl injection (i.e. at 0 

hour) • This 

significant when 

decrease, however, was not statistically 

ç~pared ~ brain water content values 
l ) 

obtained 4 hours after PGE2 injection. l t W&S, however, a 

!fl9nifica~t (l?<O. 02) decrease wi th respect to the control 

group receiving saline only. 

~' 
, \ 
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Table 3.14 

Effects of PGE, on Brain [dema in Grade n Coma Ga,lactosamine-Ioduced 
Fulminant Hepatic Fallure Rats+ 'Brain Qater Content Measurements 

: 

Group Experi men ta l' Number Brain Water Content Stati stical -
No. Condition of 9 "fo/g dry wt. of S.i gni fi cance* 

Anima'ls 'bra n (mean ! SE) 

1 

A Normal-
No GalN-FHF li 3.474.! O.Olt A vs B ,4(P<O. 2) -

B o hrs 
(Grade, "1 COIlla) 11 3.531.! 0.018 B vs C (p<.o.Ol ) 

-
C "4 flrs after , 1 

sa'line S 
, 

3.660 + 0.037 C -vs 0 (p<0.02 ) 
\-

0 4 hrs ,a'fter 
PGE'2 5 3.535 :.. 0.024 B vs 0 (H.S.) 

E 8 hrs after 
PGEZ ' " S 3.480 .! 0.042 C vs E (p<0.02 ) 

B v.s E (N.S.) .. 
Il vs E (tl.S.) 

r 

4 

, . ~ 

Effec~s of ,PGE2 on, the -evo1u~ion of" brain edema in Grade II coma FHF 
rats. PGE2 prtlvented the progression of brain edema in "rats. 4 hours 
after ,its administration. A'" sfgnif1cant increase in brain water 
content was, observed in the control rats in the same time. Brain 
l1ater content was reduced to near norllla' levels 8 hours, ,aftér 'PGEZ 1-

injection. There. was 'no survival il) 'the cpntrol (i.e. saline 
injection) groups·at·this Ume •. ' ' 

1 

* Statistical s1g~if1éance was determinëd using Student 't' test. 
NS la not sfgnif.icant. .. 
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3~.2 'Estimations. of Brain SWelling ouring ~ PGB2'Studi •• ' 

Since small incrementa in brain 1 water content' 
. 

mea8urementa may-not relate 'the actual magnitude of brain 

edema _ and . subsequent brain s",e1ling, the latt.er was 

es.timateQ 'uaing tlle formula described in Chap..ter 1-1 of this 

thesis. 'Brain swe11~ng measurements are presented in 

Figu;e 3.29 and Table 3.15. .' -appear minor increase. in percent brain water .. 
content le 3.15) are reflected às major increases in 

percent • sw811ing. Four hours after 

injection; a meSre 'than 3 fold increas. in 'brain swe1ling 
- ," .. 

WBS seen~in the- saline ~njected control rata. No' such 
• increas ... in percent brain swelling'were seen in the PGE2 , ' , 

injected group at th!s ,ttme {ligure 3.29 and TÂble 3.15). 

Furthermore, hour,a after PGE2. injection' the. brain 

awel'ling had\ subeided ta neàr normal values ('l'able 3.15).. 

A cômpo~i~e graph relating' percent 
.' 

swelling of the 

brain to perce!lt increa.'e in -brain .lwater content "'1, shown 
,. ~ ~ 

iri Figure 3.30. From thia graph, : ~t . can w be c1ea.r1y seen 

how ,.mal-). 1 i~crements in brain. wat..~ content can resul t in 

'substantive swelling.of the· brain. ,This ia eapeciall~ true' 
/ -, ' ' 

after Grade II ,coma. For examp-le, when per'cent brain water 
- . 

content incr'eased from "',.835 +,0.022' in Grade II coma to . -,. ~ 

'9.544 + 0.125' in,Grade IV'coma, brain swel1i09 incr,ased 

. . 
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piWce 3'.29 r, 1 The affects of PGE~' on brain' ecfem&. PG~2 wàs ' 
Inected I~traperitoneally into Ga-1N-tHF rats in' Grade' X( 
hepatic' coma.. 'A steady and ,mas~iv'e increase ,in brain­
swelling ,: wa, seeh in the' cont~ol animais receiv.ing only 
'saline.-.. PGE2 injected 'animal~ did Îlot sllow sllch 'increaiJes 
in\prain swelli~9" ~ \ " " 
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Effects of PGE2 Brain [dema in Grade Il Coma Galactasamfne-Induced 
~ FUlm1nant 'Repatic faf1~re Rats: Brain Swel11ng,Mêasurements 

Group 
No. 

A 

B 

Experi men ta 1 
Condition 

NorllJal-
,No -Ga lN-F.HF 

o hrs . 
.. (Grade II coma) 

C 4 hrs after . 
~ sa1il'le 

o . 4 hrs alter 
PGE2. 

'. . 
" E 

, ' <> 

Huni>er 
of '-

Ani mals 

11 

11 

5 

• 
1 5 

~ 

S Brà1n' Water Content 
(mean .! SE) 

77 • 649 .1. 0.061 

77 • 835 .! 0.122 

78.531 .! 0.111 . 

,77.946 1:. 0.118 

1.:s e 11 i ng oh 
é Brain 

(mean i SE) 

0.000 

1. 271 + 0.41 ' -
4.134 + 0.829* ... 
1.356 + 0~543** 

, - fof 

, '. 8, hrs a fter 
PGE2 5 77 .845 .! 0.244 . . "0.1274 + 0.9263*** -,p 

( , 

. , 
'f. enimalS were' g1ven. ,PGEZ/sal1né during' Grade II coma, '48 hours, 

~ after. GalN"ri~duced ltver 1njury , \. 
.. 

Statistical ~fgniffcanèe was determf~ed usil'lg th~ Student ,ft' ',test. / ., , 

'. '* 'p<O.Ql ,,!i th respect ta "0 hrs" .... 
,** p~.02 with re~pect tQ "4 ,hrs sa1ine~ group 
**!r p <: 0 ,-001 wi th 'respect ta "4 hrs sa 11 ne "- group 
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~ INCREASE IN, BRAIN" WATER .CO~TENT 
.. 

Figure 3.301 A l, graph rel~tin9 ~roent- swelling of ~e 
brain te the percent' increase .in brain wat.eF cdntent. From 

'this' gt'aph .~t.' l,a clear that smalt increa~s in braiz:t water 
- content can réfJul tin. substansive, Bwelling<, of the brain. 

It cari be' seen here th.at PGE~ given puring 'Grade ~I c.orna 
prevented the progression of brain edema and· brain swelling 

.. from reaching tlle steep por,tian of the. curve'. '\lrthermore. 
a \ hours aft-er PGE2 injection' brain .8welling had .SUb8id~d to 

... near normal. values. ..': . ' , 
.' 
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by near1y 3. S fold. It was s~en _ that PGB2' injection 

prevented 'the progression of brain' édema. (brain swelling) 

, from reaC:hing -thia cri tica1 stage • .:l 
\ 

\ 

3. 3.3 Brain Histol~gy D,uring PG,E2 Studies 
-

In addi tion ' to 'the quanti ta ti ve measurements 
, 

'-( desc::ribed above) , , brain edema alBo examined 

qualitatively,by'his_toiogy. At speclfic ti~es (i.e. 

and 8 hours post injection) -, 1 

etudies, tissue samples were 'obta~iled for bath ~ight.- and 

observations froiD·-microspopy. Repr,e,s~ntative' .. 
.approxiRl~tély 50 rats' fixecl for ,l~ght, and electron 

,- 1 microecopy" are presented be1ow. 

, 1 

, 
3. 3,3.1 Light NicroÎlcopy of the ,Brain During PGE2 Studie. 

• 1. \ 1 

l , 

'Representativ.~ ~b~ervàtion. from approximate1y 30 rate 
, 

fixed fOr- light micr0800py a~e, prë,ente'd', in Pi9~.8 3~31 

and / 3. 32 • The former' de~ictlJ_ s.,ct-ionà f~om' the ?erebrum -, 
l.... • .... 

,arid the -latter from the cerebe1lum. Th~' basic 'observatio~s 

were striking1Y similar . in~ both regions' of the brain. 
~ , l '" 

Presence 'of, brain- edama wa'ls 'evident "before th'e ODset of the' 
~ ~ . ). 

~ ,. ../ .. 1 1" 

PGE2 Îlt;.udies '",hen tpe rats .. w~re - in Grade Il hepati~ 'coma, 
, 1 

(Pi.gure' . 3.31a ~d _ Pigure 3.32a) ~" It wae ,observed that 

brain edenia. devel~pèd 's,i~ilarly 1n both groupa of rata 
\ , ' 
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pigure 3.31Î Represen~ative histologiaal observations of 
'Eh. 11ght "'fDicr08copy performed, on the carabrum of rats in 
the PGB2 stud~es., PGE2 wa. injected intraperi toneally into 
GaIN-P'BJ' rata inr Grade II hepatic coma. Samples of the 

. ç~r~br.wn were .. obtained for histology bafora PGE2 .C or 
8aline) ,inj,ection . (i,. a • 0 br ~ l and at B~cific taes (1. a 
4 and B bra.) after . ~E2 ( or saline) injection. a f 
cere))rul!l of . a . rat in Grade II ~a~U8t prior .to PGE2 
injacftion (0 br.). Extensive brain &d'ema (E) la, \ evident at 
this ·t.ime. bl Cerebrum of a. rat 4 oura after. saline 
injec:t.ion., Massive brain edama (E). with ,compreasion and 
distortion of adjacent· 1:>rain ~. tisaue' is evident at this­
tiin~. CI' '(j!erebrulI\ of il, rat . .4 heurs .. after' PGE2' injection. 
The ...prennee . of brain edèma (E) i. still evidentt however, 
much ,1 •••. tban in, the - corresponding contx:o~ group o'f rats 
wbich re~.iv.d 'only .àllne. dl Cerebelluiu of a'·r.at 8 
hou~s ~fter ~E2 . injection. 'A total rémiasion of brain 
.dama was obaerved ,at thi, ·ttme. Al·l ,tis.ues were fixad in 

. Car.n~t a Pluie!, ~4 .st.ai'ned usinq Dela·field,.' 8 Hematoxylin 
and eosin Y etaining techniques. MÂgnific.tion a. 360x, 
1>-dl '·400x.' 
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. 
-Pigure 3.32, Representative histo1ogica1 obsex:ovations of 
the iIght micro8copy performed on the cerebellum of rate in 
the PGE2 etudies. PGI2 was njected intraperito~lly into 
GalN-P'BP' rats in Grade II hepatie coma. s~p;tes of th~ 
cerebellum were obt,ained fo - histalogy before PGE2 (or 
saline) injection --(i.e. 0 hr.) d at specifie times (Le 
4 'and 8 hrs. ) after PGI2 / saline) injection. a a 
Cerebellwn of a rat. in Grade II co~, juat prior t.o PG&2 
injection' (0 hr.). Extensive brain' edama (E) is evident at 
thi. time. b, Cerebellum of a rat 4 hours . after saline 
injectioq. Massive -brain edemà (E) with compression and 
distortion of adjacent brain tissue is evident at th!s' 
time. ' ' C"I Cerebellum of' Cl rat 4 1}ours' after PGI2 .... 
injection. The presence of brain edamA (.E) is 8till'--' 
evic1ant; however, much less than in the' corresponding 
cOntrol group of rata which recei VIc! only saline. dl 
Cerebellwn of a rat 8 houra after PGE2 injection. A total 
remis Il ion of brain edema waa . observed . at. th!1Î time. AlI 
.tissues. we~r. f~xed in Carnoy' s Pluid, and atainèd using 
Delafield f s Hematoxylin and 80sin Y staining techniques. 
bv • blood vessel.· Magnification) a~ 360x, b-d 1 400lt. 
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dux:ing the 4 hour8 period following tbe in)ection of either 
\-

saline or PGE:2 (Figure ~. 31b, c Ani Figure 3. 32b, c) • lt ",as 
'~ 

• ' surprising, however 1 te note that in animals receiving PGE2" 

.., 

a total remission of brain edema was observed 8 hours aft.er·~. 
, 

PGE2 injection (Figure -3.31d and Figure 3. 32.d). Nutneraus 
, 

observations in other similar rats have confirmed the 

validi ty of these findings. Sipce i t was difficui t to 

derive further information regarding the development of 

brain edema and its subsequent regression 8 
, --" 

hours after 

PGI2 injection by light microscopy, ultrastructural studies 

.> inval ving electron. microscopy were carried out. 

3',3. 3. 2 Electron Micro8copy of the Brain 
studiea 

Representati ve observa.tion of the cerebral cortex of 

approximately 20 rats i8 presented in Pigures 3.33 to 
, 

3,35 • Pigure 3. 33a depicts a nomal cerebral capillary 

before : GalN-induced hepatic in jury. 

within a compact cerebral parenchyma 

.. 
A l!erebral capillary 

i8 visible. A 

perivascular astroglial cell (AG) ia also visible. Figure 

• 
3. ~3b showi a typical cerebral capillary of .a Ga'lN-FHF rat 

in Grade II hepatic. coma, jus,t priaI' te PGE2/saline 

in)ectioQ •. A, s.wollen 

cell (AG) dontaining 

(edemàtous) perivascular· astro91j-al 
t 

abnormal v,acuoles (\7 ) can be seen 

surrounding. "the cerebral capillary • 
. ' 

~ 
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Pixure 3.331 A typ!cal cerebral capillary frQm a normal (a) 
an GalN-Far rat in Grade II hepatic coma (h). The dense 
and compact cerebral parenchl'ma and peri vascular astroglial 
cell (AG) i. visible in the section from a normal rat (a). 
Extensive astrQglial (AG) swelling coQtainiQg abnormal 
vacuoles and swollen mitochondria (M) i8 clearly visible in 
(b). . E • erythrocyte. Tissues were fixed in 
glutaraldehyde and osmium tetroxi~e, and post-stained with 
uranyl acetate and lead citrate. Bar repre8ent8 l~. 

\ -- ....,...,....-

(" 
J 

" 
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of 

Figure 3.34a depicts a cerebral capillary from a rat 4 .. . 

after control saline injec tion. Extensive 

perivascular astroglial (AG) s",elling with compre~ion and 
/' 

dis tortion of adjacen t cerebral parenchyma ii markedly 

eviden t. In con tras t Figure 3. 34b depic ts a cerebral 

capillary from a PGE2 injected animal after 4 hours. A 

sl1lall amoun t of! as trogUal (AG) swell lng can be seen ih the 

perivaecular regiQn of the blood vesser. 'Unlike 1 ts 

matched control (which received only saline), the PGE2 

i;njec ted animal ahoweà a marked con trol of brain 'swelling 
~ , 
~ " at this time (Le. 4 hours post PGE2 injection). 

Figure 3.3'5 is ,an eleceton micrograph or. a ra t 
\ ' 

cerebral 'capll1aey 8 hours anter PGE2 injection. Only a 

slight astroglial (AG) sw~lling is evident at thia time. 
ut 

'There arè no abnormal vacuoles (wi thin the as trogl ia~ cell) 
. . 

-or the evidence Qf any compression of adjacen t c;:èrebràl 

. " 
parenchyma at this time (Figure 3.35).: 

1 

3.3.4 Test for Blood-Brain Barrier Integrity During PGE2 
Studies 

Because of the' apparen t COD trol of brain edema and i ta 

resui tan t brairÏ' swelling àuring 
('"' 

. '--
the struc tural in tegri ty of the .... ~ 

. 
the PGE2 à tud'ies (above), 

, , 

blood-brain barrie'r waa 

tested to, determ:!:'né whether PGE2 had any effects on the 

physical in tegr i ty of this regula tory blood:-brain in terface. 
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riqure 3 01'34,. Ce~ebr~l capillary from rat~ us.d in, the P.GE2 
stûdles. a 1 A cerebral capillary from a rat 4 hours, aner 
saline injection (col\trolf,. ' . "Extensive 'perivascular 
astroglial (AG) awelling with ~mpcession Ind 'distortiotl of 
adjacent cerebral., parenchyma. i., _rkedly .vident. bl A 
cerebra~ capillary fram a PGE2 injected animal after 4 
hours. A small amount of astroglial (AG~,sw.ll1ng c~n be . , 
seén in the per1vascular region of the b400d.' vessel. 
Unlike its matchéd control '(whicb received only. saline), 
~he PGB2 injeœted animal showed marked cohtrol of 
astroglial swelling. Tissues \tere fi~ed, 'i~ glutaraldehyde 
and osmium tetroxide, and post-stained' with uranyl aceta~è 
and lead citrate. Bar represents Ip. 
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.. ~. . 
Pilùr., 3~'51 A oarebral caPilla~ <from a-PGE2 inj.cted 
ra , 8 hQurs alter POE2 injectlo~. only alight astr09~~al 
(AG) 8""a111n9 ,i8 _ \ avic!e9t ~t thi time. Thera are no 
abnormal' vac'uQl.. - wiidtin' the' a~~glial cell or AnY, 

- evidenas of compr ••• ion 'of adjaaen~· è""\~ebral ti •• ue. LI 
lumen. Ti •• ues" were f~".d in, g~utarald.byd. and oal'lli~1'Il 
tetroxide, and' poat-atained witb uranyl ~aetate and 1ea4 
citrate.o' Bar .repre'aent"8 lp.. 
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Trypan blue dye infusion studj.es were carried out at 
<t', " 
8pec~fic times (i • .a:, 0, 

infusion) as deecribed 
\ 

4~ hoUrll· post. PGE2/ialine 

previously: Represent.ative result.s 

from 25 rats ,( 5 rats> per group shown) are presented in 

pigure 3. 36 • 
t 

The' brain from a nqrma~ rat (with no liver 
. , 

damage) is not stained by'tJ;'ypan clue,> indicating an intact 

blood-brain' barrier. Duri~g Grade II coma (48 hrs. after 

GalN-induced qepatic 'injury) and jU8~ prior ta PGE2/saline 

inject.~o~ (~.e. 0 hour in PGE2 st.udie~), the brain appeared 

, partially stained, indicating par~ial barrier preakdown at. 

this stage. In . the, gr,~up. of rata receiving only 8al~ne 

(.con~rol )., a total and compl.te blood-barrier, breakdown. ia 
~ 

evident after 4 hours. i 'The deep blu~ stà!ning'indicates . . ' 

th~ ability of- ~e. jdye, normally p1!evented from cro8ai:ng 
~ ~ . , (~ 

the intact blood-bra,~n barrier, to traverse it t9 atain the 

• cerebral apd cerebellar' tissue. In 'the PGB~ inject.ed' 'rat.a 

no such extensive bar,~er 'breakdo~ \. > ~baerv~d after ~ 

hours. Thë rat brains rese~e those of Grade II coma rat.e 

and reveal on~y, slight cet~~al a~d c~reb~ll&r staining. 
J , 

PGE2'rats at B hours ehowed evidence of 'blood-brain barrier­

breakdoWD: however, it was not'~s extensivé as th«t seen in', 

the saline injected control group' at.-- 4 ,1 houre post .a.l~n. 
1 

injection (Fig~. 3.36). 'l.. Î 
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.glur. 3.361 T.S~ for- ~e, structural integrity of the 
blooa~braln barrier. Repr •• entative re.ulta from no~al 
and Grad,,. II' coma. GalN-PfIlP ,rata w)lich were, inj_éted with 
PGI2. . .Try,pan blue -rdye was injected vi~ .intracarotid 
infusion ta' determin. BBB integrity •. No~ally an intact' 
'BB8 . pteventa 'entry of the ~)'e, ta atain the 'brain. Any 

, ataining.' of. the bra1n would indicate al!- . incr'e~ae in 
permeabilitYi or,total breakdown ot,-the B8B. 
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CHAPTBR IV 
DISCUSS,I.ON 

4,.1 ON THE BASIC, PREAMBLE--,-

,Investigations conc~rning the cytoprotectlve property 

of prostaglandins have stimulated:ext'ensive researeh sinee 

lts 'first observations in the canine 'gàstr.ic - mucosa nearly 

a de cadEt ago , (Robert, 1976) • cy to pro tec tion by 

Ptos~a9landins ls now' r~cognized as separa te from, and 

unr-ela ted to 1 i ts inh1bi tory effec ts 

.. 

on ~gastric secretion 

property ,~ (Robert, 197-9) • years . the recent In 

cytoprotection by prostaglandine has been 
, , extended 1;0 

inc1~de .a variety of other . gèstrointestinal organs 

inc1udlng the 1iver '~Stachura ,et al., 1980: Reber et al., 

,1980: ~uwart ei' al., 1981a). The concept of hep~to~' 

i cytopro.:~ec. tion (Miyazaki, 
'" 

not on1y. 1983) now ineludes .. . 
hepa tocytes, bu t 0 ther _ liver èe11s including those .of the 

\ bi1iary epithelium as well (Ruwart et al., 1984). 

\ ,.11; ~as been extensivel.y reported that prostaglandin E2 
, . 

(PGE2)' is 8UocessfuL in preven~ing hepatocyte' neeroais 

• 
ag~in8t 'a vàriety of ,noxiou8 stimuli ranging from thermal 

injury to, specifie hepa to ~oxins such as carbon te tr~-
, . 

chlor1de and galae tosamine (S tachura et al.", 1980, 1981:-
, ' 

Ruwart et al., ,1981b; 1982a,b, ~984: Miyazaki, 1983). In 

these studies PGE2 was administered ei ther 

immediat~ly ~fter the,exposure of the liver to the 
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4. 

necrotiz-ing àgent.- 'It ts not known whether ,PGE2 is capable, 

of providlng ~ny cytopro tec tian after the development, c5~ 

hepatocyte injury. With thia as an initial c::uriosi:ty, tne 

present project was embarked upon. The ga~ac to'samin-e-

induced fulminan t hepa tic failure' (GalN-FH~) ra t 'm'odel was 

se1ected ta provide a suitab1e model 
. ~ '" 

for hepa tocyte inj ury 
1 

and necrosis. This model haa been extensively used at the 

Artiffcial Cells and Organs Research Cen tre 1 MeGil1 

University, as weIl as other similar, major centres for 

,etudies conoerning liver' fallure and artif~cial liver • 

eupport (Chang et ,'al. , 1978r 'Chlrito et a1~\, 1978, 1979: 
" 

B11 tze~ et ,,1., 198Q: Tabata and Chang, 1980: Di.xl t and, 
, 

, Chang', 1981, 1982, 1985: Shu and Cl:lang, 1983: Shi and 

Chang,' 198'2, 1983, 1984a,bf Horowitz'" et al." 1983: Nlu et 
" ' \ 7 

aL" 1983: Zaki .et al., 19~4-: Shaffet ,et aL, 1984). This 
: 

mod~l Is also considered as the one which most 'closely 

: resEt,mble's human· tHF in i ts bi~c.hemical, neurological, and 

pathol~gical features (Saund~rs, 1979). 

Gi~en t~e highly comp~ex physi~logy ot the liver and 

J "it:s even more corilplex pathophysio'logy during liver failu-re, 

1t was not expected that a singlè chemical compound, in 
. 

capable 

. liver a9a.i~s t severe necrosia' during fulminan t ' hepa ti'tis. 
, 

various doses of ~GB2 !Jere tested on P:HF' rats, in 

" \ 

r 

. ' 
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progressive stages of liver failure, after the development 

of maximal liver 'j,njury and coma. AS was' expect.ed.l there 

was no significartt increase in the overall survival rate of 

these animals. However, a surprising observation was made 

. that PGE2 inje~ted' animal~ had significantly longer 

survival times when compared to saline injecte~,èontrol 
, 

animals (~ixit and Chang, 1982). Furthermore, 'upon routine 

autopsy and histological r'. examination of these animaIs, it 

WA8 noticed tha' the PGE2 inje~ted rats alsq had less or 

aven no brain edema'(nixit and Chang, 1985). corresponding -._ 

control ~nimals ,receiving only saline exhibited marked 

., evidence of' extensive brain adama. wi th these prel1.minary 

findings, further detailed investigations were carried ~ut. 
, -

hère ,ta 8tudy the effecter of PGE2 on bath the li ver and 
" 

brain of rats with "liver failur •• The· . resul ts of these 

etudie. have~ aeeh de8cribed' in earlier sections of this , 

thesis~ ~ 
-

Concurrent· ta the PGE2 studles, the ·bosic GaIN':"PHP ra~ 

mode l has been re-evaluated in terme of its neurological ' 

status (i.e~ grade of hepat.ic coma) •. In earlier etudies, 

the characterization of' this model was qased upon the time 

(in hours) following galactosamine . injury 

~in3.ction)~ .This time .cal~was used ta Assess the extent 

of hepatocyte i~jury (D.Ck.~ anA Kepp1er, 1972, plck.ri~g 

• - 217 -
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et al., 19757 Chlrito' et al., 1979). However, keeping in , 

mind the distinct and progressive 'deteriorations in 

consciousness, which resu1ted from progressive 1iver 

fai1ure, it WAS considered more appropriate to eva~ua~e 

GalN-FHF in terms of grad'es of coma. Thus, wh en using the 

earlier "time scale" classification, a11 animaIs 48 hours 
f" . 

after GaIN injection were considered as having the same 

degree of hepatocyte injury and necrosis. ,However, tn//' /-. 
practice, it WAS 'seen that at this time (i.e. 48 ho~rs 

after GaIN injection) the . animaIs' were in var-ying sta,ges 

(grades) of hepatic coma (Figure 3.4). 
) 

Thus,. by using· a -

"timè~ ·àcaie" evaluation system, it was difficult and even 

mialeading in the accurate assessment of h~patic injury 

(Chang et. al., 1978) • A . grading system, based on the 

asselament of neurologica~ stat.ua ~y better refIect· the 

extent of hepatic injury. 

"4~2 THE BASIC GALACTOSAMINE-~UCBD FULMINANT HEPATIC 
PAILyU RAT MODEL 

. The jwstification for re-e~aluating the basic GaIN-FRF 

rat mod~l haa been conaidered in the preamble of this 

chapter. However, i~_ ~y be noteworthy to once again 

emphasize that hepatocellulat necroaia results in profound 

J neurological altera~i~n8. Since the aeverit.y of coma 
\ 
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reflects a serioue impairment in normal hepatiç physiology, 

it, s~ems more appropriate to evaluate acute hepatocyte, 

-necrosis or FRF in terms of grade~ of coma. In order ta 

facilitate comparison of the two grading systems, the . 
" • 

results 

th~time 
of the prese~t study .àre presented", in terms of both 

elapsed after GalN, injection, as weIl as the grade 

. of h~patic ~a. 

Galact~amine 

cellular iRj~y in a 

was - shown to produce acute hepato-
. 

\ 
consistently reproducible dose-effect 

J 

relationship (Fi~ure 3.1). Furthermorè, (,1alN produced 

hepatocyte injury which showed an inverse relationship with 

the age of the animal (Figure 3.2). When the dosage was 
1 ~ 

kept constant, the GalN-indUè~d hepatic injury was directly 

proportional to the age of the anrmal (Figure 3.3). Thus, 
1 

.~ was necessary to striotly adhere ta a fixed 

group in ord~r to maintain a consist~ntly 

"model,fo; GalN-induced liver in jury. 
.. -

animal age 

;eproducible 

Following GalN inj'ect1on and the onset of hepatocyte 

injury, one of the first observable change~ was marked 

pilo-erection and jaundice (during Grade l and II coma). 

Siqnificant (p < 0.001) decline in body wei~ht, (6.28 + 

2.03') was eviderit before the development of overt 
d 

encephalopathy (i.e. Grade l coma) , i.e. 24 hours after 

galaètoaamlne. The body weight .> 1 of the anl.ma a fell , 

' .. 
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, 
. \ 
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\ 

J 
\. , 

\ 

. 
yap1dly, bl' nearll' 15 percen t, till the developmen t of 

~ 

Grade II coma 48 hours after GaIN injec tian. No ' fU7~her 

s 19n if ican t decreases in b.ody weight -"'ere seen "Ii th 

-subsequent grades of corna (Table 3.1 and Figure 3.5) • 

Coinciding wlth the decreases in .~ody we1ght were marked 

increases in hematocrit values (T~bles 3.2 and Figure 3.5). 
\ 

As in the case of body weight, \hematocrit values rose 

signif1cantly, till Grade II comar In subsequent coma 

grades, only very minor incr.~s.s ~n pematocrit values' ~.r. 
o~~erved. Thus, liver failure reSUited in marked dec~eas~a 

in body weigh t as well, as ex tensi e deh'ydra tion. These , , 

1 

observations were probably the re ult of diminished food 

and water intake Dy the liver failurè rats. 

'\ 

4.2.1 Serum Biochemistr~ Analysis 
',,-- -' 

Serum biochemical analysis, as perfor~ed by the SMAC 
. 

analysis and by cDmmercially. available kits, is presented 

in Figures 3.6 - ~.B and Tables 3:3' - 3.5. A drama tic 

derangem~nt of all the biqchemica~ parameters was seen as a 

resul t of GalN-induced l'u,pa tocall ula,.t' inj ury. _ Of "major , 

significance was a st~ady and" significant decline in serum , , 

glucose levels following hepato~yte injury." Serum glucose' .. 
levAi!ls fell from 137.4 ! 1.73 mg/dl to 15.0 + 2.0 tmg/dl 

',"" 
d'}l"ing the course of 1 iver failure following GalN injec tian. 
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cause seizures and depressed 
"L neurological states often associated with hepatic coma 

Bradbury. 198~ '. pardr~dge •. jè4l. 

Severe hypoglycemia can 

(Duffy and P1um, 1976: 

However, al thougn the. extent of hypoglycemia seemed t.V 

correlate with the'. severity of coma, it has not been 

implicated as a major factor <Jmtributing to coma or death 

in this model (Blitzer et al., 1979). Furthermore, glucose 

infusions during deep or severe grades o~ coma do not, seem 

~o ameliorate hepatic encephalopathy or survival (Blitzer 

et al., 1978) • Neverthe1ess, becausl! of the, severa 
" 

glycogen depletipn seen follow.;lng hepatocel'lu1ar inj~ ury 
9 , 

\ 

(Decker and Kepp1er, 1972, ~rito et al., 1979), it was 

considered important to 
1 

maintain normoglycemla. In 011 

liver failure .,..étudies being earried oùt at this oentre, a 
1 

20 to 50 percent solution of glucose o\waS' routinely 

administered ta aIl GalN-PHF rats via subcutaneous 

injections (Chirito et al., 1977, Chang et ~l. , 1978) • 

The inability of the hepat~cytes ta conjUgate bi1~ 
\ ,~ 

salts is a ma~or feature of the failing liver (Rueff and 
\ 

BeDhamou, 1973, Saunders et al., 1979). In accordance, the 

total serum bilirubin , 
;, 

approxima't.ely 50' fold) with 

levels increasad steadily , (by 

progressi va severi t'Y of 
r <:1 

coma 

( Figure 3 .6 and Table 3. 3 ) • Despi te this seeming 1 y direc,t 

correlation between the levels of total bilirubin and the 

n 
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grade of coma, - it ia generally' recognized that serum 

~ " bilirubin levels', bear no relation ta coma (Kne1l, 1980, 

Jones and Schafer, '1982 h the deepest jaundice is often 

• seen 1 during recovery Uenell, 1980) • However, continuing 
- 1 

coma and deep j~undice u&ually imply a fatal Outcome 

• (Saunders et. al., 1919). 

Elevation of aeX'um cholesterol levers fir-st became 

apparent at Gràde II çoma And rernained eleyated through 

progre~sive grades of, coma until death (Figure 3.6 and 

Tab1e 3.3). The greater than. J:,wo fold C eleva.t.ion in serum . ~ ... 
Cholesterol levels observ..ed ,~uring 6ver~ encephalopathy ia 

, 

I1IOSt. '('iikely the ref~ection <<?f JDasaive ' bepatoce.l1ular , .' 
, . , 

membrane injury and 'necros1s taking place at thia time. -It 

has been previously 

model, hepatic injury 

. . 
reltOr't.ed that, ,in .the > GalN~FHF rat. 

''"-~:. :~ , ' 

WAS maxim~~·---..a~ houre .aftèr G"lllN , -

injection (Decker 
D 

and Keppler, 1972, ciU.rito et al.', 1979). , , 

In the present stud1': thl.S also time when 
'. 

èncephalopathy (Grade II coma) fi,rs!- beoaine apparent • 
...., 

Impa\red hepatocellular protein .yri~esis w~. ~id:ent '. 
\ 

(p<O.OOS) 'as eaorly"as' GràdEt l éomà, 24' hours after 'GalN 

injection. The level rema:ittled depr~ssOQ , undl ,Grade' ri-
y • 

coma, at .which time Il 8ignific~lnt (P<O'.OS) inçre,ase 'in, the' 

level of total protein., was seen (Pigure 3.6, 'and Tablè 3.3). 
-. .. ',' - - \ 

Serum albumin levela bebaV) in a S~ilar fo.ahion, (ri~br. ',' 
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" 3.6 and 'rable 3.3). Dapressed fibrinogen 1e~ls have baen 

reported' in _the GalN-~P rabbi~ model; however, it was not 

elear whether the{animal was eomatose or not at this stage' 

(B1itzer et al., 1978). Depreas~on of specifie coagulation 

prdteins, as wel1 as a1bumin during 1iver °fai1ure, ean 

éerious1y' impair nOrllV!.l hemostasis and affect serum 

osmo1ar i ty • 

urie ~eid ia formed in the 1iver '--as the final 

degradation produet of purines (Lehninger, 1982). Taus', as 

a resu1t of GalN-indueMl hepatocyte in jury, , there was a 

progressive decrease in serum urie acid' levals wi th' 

inereasing severi ty of hepatie coma (Pigure 3.6 and Table 

A nearly 50 ta 75 pèreent deereasa in urie acid 

ievels wa, observed during the p~àgression from Gr~de 1 ta 

Gr,ade III ,comà-. --
) 

'Blevated serum éreatinine and b100d' urea ni trogan . 

(~) ara eharaeter!'ptic featurès 

funetion '(Guyton, '1981). -, In the 

of inlpairec1. rena1 
\ 

prese'nt atudy, mild but 
, . . 
aignif!eant (~6.05) inereases' of- bath . serum creatinine 

Q 

and B,~ wer~ observed (Jrigure 3.6 and 'l'able 3,.3'). ~wevar, 
" . " ~ 

in the p~esent stùdy, it was unl~'ly t.l)at any' major 

impairment of rana1 function "f&s the eaùse of the, observad 

i.nereases in serum erea'tinine and BUN le'le18. Eal;'11er 

studies at this' centre and als'ewhere hava conclu.ivaly 
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tha t l 'galac to~amine i tsélf was no t nephro toxie 

(Bli,t2e:t;'.etal~1 1978; Chirito et al. , 1979: Horowitz et 

'al. , 1983 )-. Furthermore,- 'thése etudies ,al sa doc;:umen ted 

,that it was unl~kel'y that GalN-F~F produèed'any impairment' 

. of renal- func tion ba~ed on hie tologlcal observations. The 

mild - ~ r1se in serum creatinine 'and BUN levels may be , -
a~ttribttt;.ed to the extensive dehydra,tion takiÎlg place d.uring 

progressive stages of liver failure. 

Serum e1ec tr01'Yt~na~Yse8 l~) the GalN-FHF ra ta were 

carriod ;'Ul:' durin~ p~o, e~eive grade' of hepa tic ,coma end 

are presented in i~ure 3~7 _ and .1'abla 3.4. Mild 

flu~tatione in ,the '8~rum ,leve1s of aU the .e1ectro1 y tes 

",ete seen as a t:es~lt 'Ot' acute' hepato~yte injury. 

,- Williams 1 gro,u)? al: King 1 s' College, Cambridge, \h~s reported 

incidences ,of hypo~a~emià during 
1 

early 

. ~ilute _ ,(Williama, 1975). . Th~ pr~sen t 

Ga1N-I!'HF'rat model 'confirm 8ueh ·findin.ga., 

stages of. livar 

s tudies on'.. ~e 
/~ 

\ 

EI-Mof ty et al. '( 1975 j have , reported that GaIN 

1 

produces ,charac teris tic al tera ~ipns in the hepa tocyte ,. 
, 

'" ,plasma mémbrane, such tha_t in tracellular accumula tion of , 

.... , calcium was seen 'a's a 'resul t of membrane in j,ury (by GaIN), 
~ , 

to the' hèpa tQCyt8S. In the, preaent study, ~alcium 1eNe18 

were eignificantly (p < 0.01;)5) depressed during Grade l'I 

coma (FigUre, 3.7 and 'l'able 3.4j. ThuiS, te. ia quite possible 

Il 

2.24 

" 

• 

j 

1 



that the reduced calciUin ievels (as observed in, ~. preeent 

atudy) may be. a con8equence of limilar membrane injury 

described by El-Mofty et al. (1975). If thie wera the 

ca.e, then Grade II hepatic coma may, in fact, represerit 

one of the fir.t stage8 of 8ignificant membrane inj ury to 

the h.patocy~es by galactosamine. 

Liver enzyme analysis' was also perforrned. during 
- , 

,progressive st.ages of hepatic coma following Ga1N-FHP.' 
, 
a.lults are tAbulated and preeented in Figure 3,8 ~d Table 

( , 

3.5; An enormous incr.aae in the levela of ~ll enzymes was 

seen a8 a re8u1t of GalN-induced hepatocyte inj~y. For 
, 

a11 the enzyme8, '.IIi th the exception of aspartate amino-

transferaie (ABAT)" th~.vel. peaked
' 

dur,ing Grade II coma 
, 

and remained elevated throughout the auccea.ive coma grade. 
1 -

till.death •. ABAT levela'peaked during Grade III coma. The 
, , -

,,'enormou8 m4gnitud..-. o,f the ele"ation ih serum enzYIl!re 

activity reflecta the extensive bepatocellular injur~ 

taking Pl~ollOWing. OUN . injection. ln all caees 

(exc.pt f~r AS\T), it' apptara . that hepatocytè injury was 
~ ~ 

maximal during Grade II coma. . .Earlier studie. us~ng thie 
. . 

~at !l'Ode l have al.o reported aimilar f~nding •• howing that 

maximum hepatocyte injury occurred 48 hours after GalN 

'injection (Décker and lteppler, 19721 ~!ito et al., 1979.>. 

'rhis ie allo the approximate Ume when the tiret eymptoma 
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of overt bepat.ie: "coma (i.e. Grade Il hepatic coma), b~came 

apparent. 
\., 

rej1lsonably 

~jur~ and 

\:a. 

, 
Thu. , from the ,forgoing diaàu8s.îon, i t' can be 

coneluded that, GalN-lnduced, hepatocellular. 
,~ \ ' . 

necroeia was· maximai during Grade II hepatie 

4.2.2 B1.tol09!!!1 ~ly~i. 'o~ thé ~ePatocyte. rOllow!ng 
Galacto. ne-Indqced Li ver, In,j ury 
, ' 

Galaetoaamin.":'induced hepat0j#. injury was a •••••• d l
• 

, 

during progre.sive stage. of liver injury and hepatiç coma 
< , 

~y bc*h light and electron micro.copy. Sorne represent~tiv. 

histologiea!" ob.ervations 'are pr'eaented in .ri9~e. 3.,9) and 

3.10 re.peetively. Light micro8coPY hi. tolog y , re.ulta 

.howed progre.sive he~toeellular inj~y with {nerea.ing 

.everity' of hepatic coma. 
, 

Thara war'., however, no major 

dietingui.ha~le h~.tolo9ical abberation. 1 during. ve~y early 

stagss of GalN-induced hepatocyte injury, i.e. during Grade . ' 

III 

l coma (ligure 3~9b).; wi th the development of. Grade II 
• . 

coma there wae an almost complet:e di •• ociation of the 
, , 
normal corCijike arrangement .of ·the ,hepatocyte. (Pigure 

3.9a,e). Evidence of th.' onset. of ~tbled, hepatocellular 

necrosl., a. well as the pre.ence of aitensive përiportal 
-

intlammatory infiltration., were al.o avident at th!.' time A 

(L.e. Grade II coma) (Pigur. 3.90,d). Dur~ng ~e terminal, 

stage. of GalN-PHF, !;e. Gràde. IIt' an~ IV hepatie coma, 
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, . , 
there was increased evidence 'Of hepa tocyte karyolysis and 

cellular nacroeis' (tigure '3. ge,!) • ffowever 1 due t;o the 

inherently poor resolution 'o'f a light microsc9pe it ",as not 

pOèsible' to clearly dis tinguish be t'Ween, the various 
1 

cellular, even ta tha t May have bee{1 taking place during the 

"'" progressive stages of GalN'-induced hepa tocellular in jury. ~ , 

involved 

necroeis, 

o~rve the ul tras truc'tural .even ta ' 
GaS,·N-.irid'uced' -' hepatocyte' injury and, 

order. ta 

du.ring 
li 

elect~on microaçopy etudies 'Were carried out. 

-'Some" reprasen ta ti ~e' ul tras truc tural observa tions are 

presen ted in Figure 3~ 10. 

JEle!=tron ' miçroscopy, ot the, 1 i ver revealed' tha t 

." GalN -inàuced hepa tocyte injury due to . a 

, , 

charâc terie tic pa ttern ol h,.pa tocel1ular even ts whic~, lead ". 
to ev'~n tual bepa t~cdlular necroais'. 'F\I,=~hermpre, . i t wa's 

• l ' 

" obsctrv.a ,the t \ the sequence 
t> • 

of thes~ hepa tocellula'r, even ta , , , 

corre la ted ..,ith the progr~ssive. developmen t of hepa tic . ' 
\ . , 

coma • the normal ~rrange.Jqen t ot the hepa toc,yte 1 8 

. sub-cêllular otganelîès '",as drama tically al terad, as' <'ear;l y 
il' 

as Gt'ade I coma, such tha t', 2.thera w~s a .genex-Alized 
,. , , 

migra tion of the, mi tOl=hondria a.nd endoplasmJc' re ticulum 

(ER) towards the nucleus (Fi9,:,~a 3.l0a,b). This ..,aa 
\ 

f~'llo,wed ,by a" ta9~ during, 'Grade II coma 1 ~here' th~r:. was, a 

cIo.. asaoc ia tion be tween the ER and the nue l,us, ~ tha t 
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, , 

t the E~, was almost c~nïple te1y wrapped around the 'nu~ieus 

At ~his tim" thé mi tochondria al80 

appearea abnormally e10n9a ted and eand~iched between laye,rs' 

of' ER 
\ 

(l!'lgure 3.l0d). The final s ta'ges of GalN-induced 

hepatot:yte necroa-is oècurred between Grad~s III and IV' 

hepa ti c coma ( Figure 3. 10e 1 f) • Dur 1n9 these stages the 

ER-enveioped ,nucleus appeared to dissocià te from the 

cytoplaa~ to reaul t in ka J;'yol ys is M~ ceU ular nec rosis • 

. A sequen trf1 accoun t of the cellular even ts in~ved 
"in GalN-induced hepa tocyte neerosia la !aéking 'in the 

have sugges ~ed 
~ y 

li tara ture. Earl,1er bioehemica1 a tudies 

tha t GalN-!nduced live-r cell ,dea th raaul te trom plasma 

membrane t al te-r:à tions aB well ,as challges-, i,n the c~ieium 

cOntent of the iojured cella (O.~k.r aqd 'I,(eppl-er, 1972t 

B1';"Mo!Qt, et" al" 1975: Li-ehr. et al, 1910). -'Aieording ta 

the •• biochemical stûdies the' hepato toxiçi ty o,t GalN lies , , 

in' 1ts. metabolism by the - " c hepa t0.iY te •• A ,primary leslon 
~ 

reaul ts trom 'a, 'very rapid de pla t~on of he'pa t'ie uridine 
, . ,. 

nuc:leotldes' due, to the formatlql1 of uridine deri~a!ives of 

GaIN. A sacondary laaion subaequantly resul ta ~ from 'det,acta 

in' maéro.molecular g1ycopro tain . syn thesils, giv ing r isa 'to 
, . 

pr6greesive organelle injury, membrane injury, and cellular 

.... necrosis, It 1e, - ho we v1r ~ e Hll . untl.ear as to whether 

• 

" 

plaJma 1 membr~na injury, lB a cause 

death. 

" ' 
" 
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'rh_ preeent etudy 8u9gesta that hepatocyte karyolYai.' 
; 

May be a. major factor in, UU!{-induced hepatocellular 

necrolia. " Thua, this" observation would ,implicate 

hepatocyte, plasma membraJ\e inj ur~ ( and caU nacros!s) by 
, , 

GalN to be secondary to de1lular karyo1yais. Purthermore, 

the present as well &8 other etudies have ...alfO ,confirmed 
-

that structural, alte~ation., 'in the form of diatorted 

mi tochondr~a and hyper~rophied 
-

aDlOoth Ek, ar~ taking! plàc,a 

, a. early as, 24 :.. 25 houri after G~lN-,i.nducad h.~tocyté 

in~ ury (Medlin. et - al., 1971~ Bc~.rhb.clt et al.; 1972). . - , 

1'hese obaerva.tions do not lupport the aaaumption' of, the 
-, ...... 

inv~~v.ment of .arly membrane injury in Gal,N-induca~ 
! -" 

, 0 

hepatocyte necrosi •• 

The, ,prel'.nt atudy ,has ~.JDOnatrA te" a.' unique and 
'J " 

charact:eriaUc, pattern of o.llular event.· taking plac., -'during , 'OalN-lnduced hepatocy:t'e , ' 
~njury 

hepa. tocyt. 

and nacro..-i a • 

'rurtbérmore, th,_ ,.verity Of injury a180 

.. 

appeared ta co~relat ... with the •• verity of hepat:ic coma. 

Previoui biochemical' and ,hi.tolo9ic,a~ ,"studie. ua:.iJlg th!a 

animal, model have , dén~~:mstl;'ated 'max~mwn 'hepatie injûry 

taking place approximately 48 h0u.r. cafter GalN inject~on, 

(D.ck.~ ~d ~.l?pler, 19~2J Picleering et,al., ,19757 Gnùri:o 

.t al., 1979).' The pr •• el'}t atudy 1 in' principle., confj.rma 

th ••• earl.1er 'ob.etvationa. 

; 

f 

However, the ,departure in th. 

, 
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pre.ent .tudy po!nte out that at 48 bours after GalN 
~ 

injection the rata are in dif,ferent tr~de8 o~ hepatic coma, 

", dependi,ng on the d~gree of bepatocyte 'injury and necroaié 

(FigUre' .3.4). ~hat : is.to say that the grade of coma 

reflecta the degree of hepatqcyte i!lj ury. Thù8, . it was 
, 

aeen 'bath, bioc;:hemie~lly and histologieally that GalN 

inj~ction-- ~re8ul ted in hepatocyte inj ury before Grade l 

coma. Ma:ximum liver injury aeemed ta coincide with the 

first manife.tat!Gn of Grade II cqma. During Grades \11 
'" and IV bepatic coma ëhe bepatocellular injury appeared to 

reach an irrevera1ble' 8t~ge. At these grades of coma, 

fulminant hepatocellular in j,ury and necrosiâ reeulted in 

-dramatic alterations in serum bioébttmiltry (ligurea. 3.6 '. 

3.8") as weIl ~. a rapid, deteriorat10n\ in coma (ligure 3.4,). 

Massive hepatoce11uiar, nacroaia' during the.. st~ga. has_ 

àlrea4y' bean demona~ratad ta te.ult in the g~.1 
-

acëumulation of varioui toxic metabOl! tes and mid~le 

molecule., (Zieva, 1979, ~ 'Chang . 'and' Liater, . 1980. Popp4ar, 

- 1981, 'iacher, 1982). ln addition, '~xin. g~nerated ~ro~ 
, -

ne,crotle.· bepatocyte. may allo build' ùp' tp complicate coma. 

"And' other' a~c~ndary compl ica tians ( e.g. brain- edema" 

ble.ding, _ etc.) . of FIIF.' By usi'ng a grading system '(·for. 
, . 

bepatoeellular necrosis) based on the' grade of. bepatic 
" ,~ /) , 

coma," 'lt may be' po •.• ible ta more- aceurately 4.se •• 

, . . 
..; 230 
• 

, . 

• 

... 

-. 



. , 

, , 
, . 

.' . 

GalN-induced hepatocyte injury and necroais and thus may 
., 

serve to better cO!11prehénd' the pa'thophysiology of PHF and 

its aecondary complications. 

4.2" 3 The EVol ut10n and ' Development of 
Pollowlng Acute aepatocyte Nacro.ia 

~ 

Brain Edema 

fi The genesia of cerebral edama i8 perhaps 

life threa tening . .aecondary complicatipn 
, 

.of ful inant 

'l)epa.tic , failure. Cliriically, several authors 

~e~ 
have found 

high incidences of cêrebral edema during autopsy of 

patiente who' 'suc:oumbed ta acute 'liver' failure and coma 

(pirola et al., 1969, Nare et aL, 197h Tholen, 19721 Silk 

al., 1977, Boyumpa, 1979, Bde et 'al., 1982) • In 
, 10 

pati~nts with severe cerebral e4ema" death, may, be aue to 

brain ewelling and aubaequent, uncal PX: cerebellar herni­

adon. From various recent etudies (Groflin and Tholen, 

. 1978, , Ranid' et &1.« 1979, Zimmer11 et- al., 1981, POtvill et 

" al., 1984), it can alao be concluded that, in casee of 

-experimenta1 (eurgical and 'drllg-induced) hepatic failure, 
,l 

cerebral edema ia ,p~e, of 1;he major causea o~ death • 

Al though the presence of cerebral edema in fUr has 
1 , ,'. 

been weIl, documented, the poasibi1i'ty of ita involvement as 
l " 
a ~jor' factor irt the 'pathophyaiology of acut;e l'iver 

failure an~' hepatic coma has only ~ecently be~n aer10usly 

conaidered "(Ede et al.,' 1982, Cross1ey et al.; l;~a3b, 

, ) 
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Ooldatein, 1984: Dizit and Chang, 1985) • The pat.hogenesis 

of brain edema \ during conditions, of acute hepatocellular 
, 

nec rosis' ia as yet unc1ear. Earlier atudies evaluating .the 

mechaniam of brain edema in FHF have resulted in, 

c~flicting resulta. . Where sorne have implicated a' 

vasogenic mechanism (Livingstone et al.," 1977) others have 

t proposed a cytotoxic mechanism for the genesis of brain 
\ 

ed.ema during FRF (Hanid et al., 19791 zimmerli et.,al., 

19~1) • Varioua exp1anations for theae eonflicting 

observa tions ara possible. The faet t.hat differant animal 

- "" modela for FRF were emp1oyed, or that. brain adema way., 
very la te or ·ear1y stages of FRF ia 

. 
studied during ~ither 

often pointed out' (cro.sley et al., 1983a). In the opinion 
( 

of many authora (Chang et aL, 1978, Chirito, et a.l'.,. 1977, . ' . 
19797 Saundera, 19797 BorowitlE' et al.; 198~7 Nlu et al., 

19831 Slt&~fer ... et al., 1984, Zalt! et a,l.,. 1984) the 

galaç:tosamine':'induced FHF ·model is. cons.rdered as the one 

which IDOst closell' r-.pembles .hu~n FRF. With this in mind, 

oont~ etudies ware performed uaing th. aalN-PHF rat 

model ~ trl' and. eiucidate the mechanism involved in the 

gene,sis of brain edema duting, progresei viit stages of FHr. 
In the present atudy, the evolution and development of 

brain a'dama has been assessad bath histologica11y. and by 

physic,"l rneasurements of brain water content du~ing 
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progressive grades of hepa tic coma in the GalN-FHF ra t 

model. Initial 'q~alitative evidence Qf brain edema during 
\ 

was distinc tly eviden t from the gross physical 

examination of the' brain at autopsy. At this time the 

brain appeared s1o(011 en and edema tous. The edema did no t 

appea r local i zed to any one p;.r ticula r reg i~Of 
bu t ",as widespread throughout the bra in tissue. 

the brain 

In order to _ qijantify the evol-ution and'development of 

\ the brain edema of FHF, the increase in w~te~ __ çontent of 

the brain was physica11y measured by using an analytica! 
• 

-ballance. Furthermore, brain edema ha"h bèen determined as 

an increase _ in brain volume (i.e. brain swelling), owing t-o 

an increase in , i ta wa ter con ten t by s tanda.rd procedures 

(Fiehman, 1975: Rapopor.t, 197,6). The brain ",a ter contents 

of animale in progressive grades of hepatic cQma have been 

presen ted in Tàbls 3.6., At firs t g1ance, the absolute 

changes in brain wa ter con ten t (or the percen t ",a ter 
. 0. 

conten t of the brain) be €\Ieen successive gradea of coma may 

appe.ar minor (Figure 3.17). Hovever, if one ~ere to 

calcula te the p~rcen t increase in the brain wa ter con ten t 
• 

(Figure 3.16), it was seen that the water content of the , 

brain had 'increased by more than 5 percen t during tJ:Ie 

course of GaIN-FHF. Similar increases in brain va ter 

con ten t have been repea ted dur ing fa tal bra in edema ot 
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various .t:io1ogies (Johan. son , , 19767 Hossmann, 1976; 
n 

Groflin and Thol.en, 1918) • . 
As mentioned earlier, . the definition of brain 'edema 

imp1ies an increase in brain volume (i. e'. brain s"'8111ng) • 
• 

In the early 1iterature, brain edema and brain swel1 ing 

Were dif~erentiated. These terms are now eonsidered 
. .;) 

synonymous. Thue, brain pdema during Gï;\lN-FHF ~walJ also 

quantified in terms of brain swelling '(Table 3.6 and Figure 

3.11).. Increases in the brain water content. and brain 

awe1ling became statiatically signifi,cant dur~9 Grade II 

côma when the first distinct syrnptoms of neurolog ica,l 

impairment (i.e. coma)" were aleo visibly ev-ident. As the -
\ 

animala progreseed into deeper grades of COI1l~, further ----_. ---
significant increases' in brain swell.ing -were ,observed 

('table 3_6 and 1'igure 3.11). Thus, the fOrlQation of, brain 

edema 010se1y para1-leled the deterioration in the level of 

arousal . ,in these anil'llals • A theoretical curve relating 

percent brain swel~i~ to percent increase in brain water 

content (i.e. brain edema) i9 shown in FigqJ:'e 3.30., The 

experimental resul ts, when fi tted on the theoreHcal curva, 
) ) 

lhow the f011owing. During the early stages of. hepatic 

coma (i.e. Grades 1 

'~rain ,swe11ing was 

and II he~ic 

r~l:ati valy minor. 

coma) the amount of 
, 

Tbe time' required ta 

reac:h Grade Il coma afller GalN-induced h'épatic ~nj':U'y ia 

4pproxima te1y, 48 hours. 
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.. This is represent~ By the relatively flat portion of the 

curve. Dur iog the la ter or terminal s ~ages of GalN-

induced hepatoc~e injury (i.e. Grades III and IV hepatic -.. 

coma) the extent of brain swelli-ng was both large and 

rapid. por example, when coma progressed from Grade II to 

Grade rv brain swelling increased by nearly 3.5 fold within 

3 to 4 hours. 

such substantial sw~lling of the brain tissue wi thin 

the rigid confinements of the cranium can lead ta brain 

compression and cause aymptoms such as ganeralized brait} 

dysfunction, medul~ary failure, and coma (Pisbman, 19757 
c 

Berndt, 1982) • Extensive brain sweiltng can also cause 

various types 6f brain herniation (P1ahman,... 1975). 

Clinically, brain &dema and subsequent brain herniation is ' 

presently c~nsidered one o~ the major cQ~p1ications of PHP 

(ware et a~., 1971t Murray-Lyon et al.,. 19757 Bde et al., 

1982). Raceotly, it has also been obser1ed that progres­

sive ~~eaaes in intracranial pressura (up ta 4 fo1d) can 
'~. 

accur in patients and axperimental ,animale dying fram 1iver 

failure (aani~ et al.,. 19791 ~ê~t al., 1982, ~d~ow et 

al., 1984). The Monro-Kallia Doctrine, which, professes 

that ~e blood, cerebrospinal f1uid (CSF), and brain tissue 

(enClosed wi thin the r~gid confines of the cral\ium) are in 

a reciprocal quant.i.t.ative relat.iDnship 1:0 eacQ othèr, May 
" "" l . 

\ 
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\ -
account for the various compliêat1ons'of brain, adema (e.g. 

iner.ased intracranial pres~ure (lep), brain compress~on, 
, , 

coma, brain hernia~ion,' eto.l duriog fHF. Ih accordance to 

thia principlé; the volume of a~y one oompanent (i.e. ,the 

blood, CSF, or brain ti.~ue) . ca.. only. l?e altered at the 

expenee of the other c\ partment~ .• _ Thus,' in iiver failure :~, ,,-----' 

an increase in the mass of the brain (i:e. Que to, bra!n 

swelltng 
\ 

[edema] ) MWJt lead an Increas~ in l,CP, a~d 

aubeequent decrease in the 'c:erebra-l volume or al-tereà. b100d , , 

f10w (Piahman; 1975, Ban!d et al •• ,' 19197' ide et a~'.. , 

198~).', SligÎlt fluctuation i~' lC~ ,( ~p to'~~Q Tor~ ~ can:- he 
, , 

, ' 
compensated by the auto ... ~ of ~e' cerebr~1 , .. 
eirculatio.n (Rapoport, 1976'7 'Ede'.t al ~, 

( 
1982). 1 Howevér , ,IQ,ajOI.' 'increasé,: in ,·lep 

; 

~9821 ,Berndt, 

t'~ seen during~ . 

co~ld lead' ta 

l' 

l' 

tissae.' isèhemia, '. clepres'sed 'c.,rebra1 'energy ~eve1., '.' " 
, , 

,genera1ized brain dysfùnction .a~d 
~ . '" , 

eoma l ( Bundi:,'; , ... ~982f 

Il 

Bolmin et a1.~ , 19'831' Brunner, 198~) • Various <modela of 

experi~ental brain edema 'suppor~,' these .poasi~ilitie8 
. ~ , 

(aapoport, 19767 Mar __ ba1~ 'et al., 19767 Go1d~ein'~ '1984). 
l ' 

, . 
Havlng' establish$d' and, confirmed : the èonsiatent 

, " 

presence ,of brain edema 4uriQg ~afN-FHP', furt~~r 

hi~tologica~ etudies wer~' s:arried out to try te eluéi4~tè 

the basic mechaniam for evo1ution of braia edema' in 1ivor , , 

.. -" 
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'failure.' por th!e, bo,th 1ight and el.ectron. microecol"Y of 

the' brain tiseue were carried out during progressive grades 

'" of, he~tic coma. ,aepresenta'tive light 'JIÛ,Cr08copy' resulte 

are ~resented ln Pigure. 3.11 - 3.13.." .. ln these"stùdies, 

the presence of extensive, cerebral (Figure 3.11), as well 

as cerebellar edema (Figure 3.12 3.13) was evident, 

,éspeé:ially after the onset of Gre.de II coma' and onwards. 

~ur1ng Gr~de l, the preaence ,of brain (cer.bral as wel1' aa 

cerebellar) ed~ w •• on1y minor (Pigure .3.11 - 3.13). 

'!'b,se observations comp'~.~ented the , ' brain wat.er" content 

measurementa (mentioned abOvel wh! ch showea simi1!lr 

prOgression . ~t bra~n ,ed~., Al,though theae etudie. 

, . l1erified the presence o~ . brain ede~ during G41N-FHF, the . \ 

mechariism 'of its· gene.~s W&S' still not' ,clear. Irr order t.o 

obeerve . the ultra.tructural change. occurring 'in the brain 
. ' 

grades , of e1eè:tron 
\ 

~cro~copy vas carri.~ o~. 

Electron mic~ographe of ~er.bral blood v •••• l. of PHF 

rats 'reveaied evidence of intracellular .él1ing 'of 

Grade 1 coma. In contra.t, electron micrographs of the 

normal animal (i.e. ~ut GalN-induced he,patlc injury) 

.howed a compaot cer.br.~ parenchymal' and no' .stroglial 

swe11ing (Figure ~.14). 

\ 

. ) 

Thus"with the development of 
( 
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GalN-!nduced hepa tic 
of 

injury and coma, a distinct and 

progr~s8ive brain edema in the form of periv,ascular 

aatrog1ial swellir.lg was seen (p'i,gure 3.lS). During Grade 1 

coma, the brain edema was re1ati~ely rulnor~ however, with 
oS 

increasin~ severitf of coma, the astrogl~al 8we111ng became 
. -

more and moire ,distinct , (rigQre 3.1Sb,-d) .• During terminal 

stages of GalN-inâuced liver cell necrosis (i.e. Grade III 

,nd IV coma~, extensive 8we11ing eventua1ly reeulted in 

astroglial nècrosi8 and wha t appeared to h~ ex tensive 
~ 

vasogenic edema (rigure 3.1~,d: se. 'arrow). Thu8, from 

the electron microecopy observations, lt appeared that 

Grade II coma -represented the stage of maximal ~8tro91ial 

,s..,ellin9~ prior to lts eventual necrosis in later grades of 

, hepa tic coma. Elec t,ron microacopic' s tu$iies· on exper-imen tal 
,r . 

metabolic bralp', edema have demons~rated similar findin9s in 

astroglial cells (L •• and Bakay, 1967). 

Th.se ,fot:'egot.ng ,~istolo9i,c~ results .. sU9ges t the 

pr4!,ence of • cyto to'i.e br:1eaem., H leu.t during early 

stages of Ga~N-PHl!. Excessive a trog1iai s",e111ng (as seen 
, 

III and· IV 
" 

'Iead ta disruption in ~he 

hepatic coma) would eventually 

aatrogl..Lal -celi meta~olism' to 

, " ' cau:s~ cé11ular necrosis and eventual ,breakdown of "the 

blood-bra.in barrier. In 8UC~ cir.cumstances i an emergence 

of .4 vasog~nic compenent ia highly lik,ely. 10 verl~y tM,.a, 
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,the integrity of .~e blood-brain barri.r ~. ~s ••• sed qr, 
- 1-

trypan bl,ue infu.ion etudies during' progr •• aivé grades of 

hepatic coma. Repre.entative resulte from 2S animals are 

pre.ented in Figure 3.18. 

The blqod-braj.n.' barrier (~B), by aheer virtue of i t • 
. 

definition, ia a highly aelective ~gulatory interface 

between the blood and the brain I(Rapoport, 1~~6). under 

normal circumltance., the éintaqt BBS i. 1mP,ermeable to 
.. ' 

substance. ,.uch' as trypan' ,blue; However, w1 th ,increasing 

necFQ.i8, , à 
, ' ' 

'eeverit-y of livar injury' .and , 

p~ogre.sive .tainin9, of the brain > tiseue ,was observed. 

During the early ~tage~ > of hepatic 'cOma (i. e. Grade. 1 and 
, 1 

II coma), ,the' injury ta the BBB app-àr:ed mini~~l J although 
, . , 

, , 
.ome ~tainin9 of the'brain, a.peclallY in the cerebellum, 

II coma, va. ..en) (p19ure 3.18)'. In 

~ontra.t, however, a total 888 breakdown' was •• en duriqg 
.> > 

the t.erminal .tage. ol liver tailure .nd co~ (i ••• Grade. 
> , • 

III and, IV cOma'>'·,('igur. 3.018)" 
1 1 

" The •• and previous EN ob.ervations 
, . that the 

evolution of brain &dama duri~9 GaIN-PHF may follow a 

biphaaic pattern, sueh' that a cytotoxie coJllp)nent preeeeda 

a vasOgenie &dama formation. ln raoant .tudie., u.ing the 

GalN-PHP model, the Liver Group a,t the National In.tituts 

of aealth, USA, a. we~l a. the Liyer unit at King'. Collage, 
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Ihown .videnee of endotoxin accumulation .. ,. 
and eytotoxic in jury , to the BBB (by affecting ita 

l ' 

perm.ability) during eerly sta9 •• ot FRF (Horowitz at' ~I., 

1~831' Zûi et «1., 1983).~ \..,SUC.h 'inault.8 to the SBB have . • been shown tp cau.e 8ul;>atantial, tntraeellular as trogli .. l 

swelling ancS subsequent metabolic and transport 

abnormalltia. acre... the BBB (Hanid 'et al., 1979, " Zalci et 

al., 1984) • Eventually, in terminal stage. of livar . ' 

failure ~d eoma, total,a.troglial ~e11ular nacrosia. would 
" 

r""Ut in 'total BBB ,bra,a~down and formation oft 

.va.oganic 'brain e4ema (L~v.i"g.ton. ZaJci at . . l' 

al., 1984, Potvin . ' 
et' al., 1984) ; of 'the 

pr •• ant .t-.ady in" thi. tha.is ,upport this hypothesi.,. The 

~thogenelil .of naetabOlio bral.n edama (whi~~ i. caus.d ,by .. 
( . 

the accumulation' of metabOlic endotoxin.) ha. ~.n riporte4 
" . 

to evolv. by a .imilar biphalic mechanism" i.a. transition 
J 

from' cytotoxic ta va8ogenie. e40a . due te t11~ue (astro-

glial) ~ecrost. (801,lI&nn, 1982). 1'he biphasic, devalo~nt 

of bfa-in ~ edama, > has al.o been. dep:m8t.rat.~9 ,in, varioua other , 
~ 19- ~ •• - ... o·. ~~ . 

, modela of ~YetoxiC as weIl a8 bahoie brain edema \ (Spatt 

.t al., ~976, Li~tl., 1976, Brock, 1982, O'Brien, 198~).~ 

precisa ·o4Us.-.ffact relationahip for ,the 

development of brain acSema dtiring hepâtic' c~ma i. Itill' 

"pecu1àtive. 8owever, one cannot. ovarlook the tact i:bat " 
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" dur~1\9 acuta' 1i~ar 1 fai1ure tbare il a dtlmatie altera~on 

in '.arum biochem!ltry. a. well, a. the accumulation of 
, "' 

varioul metabolie toxins'{and lome aa yet unknown mi4dl. 
, . 

moleeule.) 'which are, normally c1etoxified by th. 'functionirig 
"" , 

11 ver ( zieve, 19797 Chang and . Lister " 1980, 1981) • 
" 

Purthe~re, the ,'lub,ltanc:es re1ea.e4 from the necrotie 

hipato9yte. may thems.ive. be the eource of a44itiori.~ 

endotoxine. 

aecent studia. hav. implicat.ed .everal pot.nt.ial toxic 

subst.anc.. of liver failur'e al - eontributor.1 ln the 
, , ' 

dévelopment of , 'brain edama because' of their delet.er:lou8 . ,. 
" effect.e on the 88B I I m.mbrane bound enzyme systeme (rost.er 

et al., 1974 i Buu et al.,1 1980, Baet.hmann et 'al.~, 1980) • 

'In thi. regard the' Na+-K+ AfPas. I~.t.em ha l' b •• n 

ext.nliv.ly .tu4ie~ (~~ulja et al., 1980, Plahman and 

Chan, 1980, Zaki et al., 1983" 1984, Beda' et l, al., 1984). 
.. , , 

In the studie.earried out by Williams l 'group, at King J. 
Coll.g~:Live:r:. unit,; it. WlJ.I demonltratecS that .erum 

1 l,' {,' \ ~ • • 

'patient;.. ~everely inhibi tecS th. Na.+-K+ AT~.a •• 
r ~ .. • ~ .,. .. 

from P'Ht" 

eyetem a. 
well al other nutr~.nt. transport. .ylt,me o,f the BBB (Zaki, 

" , J ' " <-, 
et. al~; 1983, 1984, Seda et a~., 1984).' Th~ •• chang •• 

".evere!y co~prol1li8.d the integrlt.y, a. 'well a. 'the 

pernteabi1it.y, of the BBB to, lub.tane •• nOJ;'ma1.1y exoluded 

frôm·the brain.' Inhibition of' ~e Na+-K+ ATPaàe pump by 
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toxine .uoh ae oUabain have, be.n demonatrated to cause, -
ctto,tOxin brain edema' by ,)poi~O~in9 tbe tia+,-K:t" 'ATP~iI. pu.mp., 

(cOr;nog et àl.,' _196-7) • A 

involvèd in th. formation 

.tudi .... 

aiJnilar, iIIeëbani,m -May ,al'.o 'be 

of Cyto~oXi~' ede~a ~n ,~' Pf8~,nt 

" l' 

to~in." during GalN~rap "(Chang and Li.ter" "1980) may CaQ8. . . , 

a progressive' ,irthibi tion· of' t}le: Na+~K+ M.'Pa8'e 
• 

; •• ult in the progressive cerebral edema ob.erve~ in the 

pre.ent ,stu<Jy., ' 

similar detect: in ~mb~-boUnd ~a+-K+ AfP ... 

activity ,have al.o b.en ob.erved in aeye'& syndrom~. 'In 
/,-"') , , 

thiB eyn~rome, th~' .ndOg~n6U' toxins nave b.en shown tC) 

have th'eir , at the "'mbral)e level, in, 
/ 

major 

..;-, •• o'Cia\t~on with m~~ane-boun~ Na+-K+ 'M'pa.e, 'ta cauae the 

uncouplirig of 'oxidative ,ph~.fboryl.tion from the 

re.piratory, chain (De ,:Vivo, 1978). In ~ther' .tudi •• , 
, , 

Bolmin et , al •. (19~3)' have demon.t..tated a \decrea8e~ in 
, ' 

cerebral energy level. during liver failure 'às a' re.ult of 
\ 1 

.• uch cbaJlges., The abnormal .welling of the aatroglial 
t , 

mitochondria with'prQgr ••• ive .everityof coma, as- .een in . \ , 

tne pre.ent~ study,' (FigUre 3.11), May explain suoh 
- ) 

.. ob.erva tion •• 

'During the final',stag •• of hepatic encephalopathy, 

Bulfiaient acoumulatio~ of endogenou. to~in. wou Id r~.ult in' 

. 
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total SBB breakdown and a t.ransi tion trom cytotoxic to , '. 

vaaoget\ic brain 'edema would ensue .( spa. tz et al. , 1976: 

Hartmann. et . al., 19'82) • ln sucn a ai tua tion 1 lArge 
~ 

quan ti.ties of blood-borne me tabol i tes wou1d freely enter 
1 \ 

• 
,th~" 'Qrain to augment brain edema and cause immedia te death, 

, . 
, by brain, hernia tJ.on (Fishman, 1975: , ' ,Jlap~por t, 1976: 

Livingstone et al., i977) • . 
1'he ' fact that ear,ly trea tment wi th charcoal 

1 

l')elllo'pèrfusion r~au1te.d 1 in increased· survival in both' , 
. . 

animale and patients (Chang, 1972: Chang et al,.' 1978: 
\, 

·'rabata ,~g, 1982, Gimaon et al.;, 1982) could be due to , / 

the remova1 of endogenous toxins ,by hem,operfueion, thereby 

preventing the . progression of cerebral edema in 
1 

, 

these 

cases .. Hemoperfuaion in late stages of hepatic coma, 
, '. 

although benettcial in the of 'consc'iouanass 

'(Chang, 1972: Weston, 1982) dld not reduce the formation of. 

'. c:er,bral edama unless trea tJ:Den,t was ini tiated earlier 

(Chang at al., 1978: Tabata and Changl 1982, Gimaon et al., 

1982).. Furthermore.,. ~,f braakdo~ of the BBB had already 

occurréd, death wou1d result despite corticosteroi.d· or 

Osmo t,herapy te) reduce brain edema (Hoyumpa et al., 1979;" 

Llvingstona et al., 1977)' • 

• Thus, from the tor.agoing ~iscua8ion~ tt can be 

{:on,cluded tha t brain edema during acU te liver teilure is a 
. .... 
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.eriou~ complication. The developmèn't.· of brai~ edema in . 

GalN-PHP' appe~r,S: te> fOllow,a biphaaic pattern in which an 

init.i~l cyto~ic brain edema~~ developa into vasogenic brain 

édema. The t.ranei tion ,from. ~ytotox~c ta vasogenic brain 

'edema may moat. like~y be due ta ,excessive astroglial 
. ' 

swelling (an~ it.a. subsequent necroais) ta event.ually, r~.ult. 

in' BBB breakdown~. Inhibition 'of brain Na~+ ATPaae 

activity by e'ndogenJ)tti toxine of liver failure May moa~ 

lik.ry De the ùnd~~lying rea.one for the evolution of brain . ,. 
ed~ma and d.pr~e~e<l neurological et.ate' ti". e. coma)., I!l 

G~lN-FHF ~e transit.ion ~rom cytotoxic ta va.ogenic.orain 
• 

edama may' be a crit.ical turning Point ·vit.h. reapèct. ta 

prognoel. of survival ~n PH'. ln the<preaent et.udiee Gradé 
f . - , 

~I èoma app.ared ta'be thie critica~ turning point in the 

tran.ition trom èy~otoxic ta va.og.nic' brain edema. 
'-. 

" 
, , 

, . 
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4. 3 PGE2 STUDIES 
IHJURY 

ITS ÈFPECTS,ON QALN-INDUCED HlPÂTOCYTE 

.,.'The numerous physiological properti:es' of proata-

glandins - are as, diverse as their. ubiquitous occurrence in 

th~ body., Of these, the cytoprotective property of 'several 

prostaglandins is truly unique. The cytoprotective ,effects 

of prosta9landins againet & variety of noxious agents were 

first observed in the gastrointestinal mueos&, (Robe'tt, , 
197B). 'Hovever , in reeent years cytoprotection (again.t a . .. 
var~ety of necrotizing agenta) by prostaglandins 

, . 
(.apecia11y PGE2) has been ektended to include a variety of 

organ a including the Uver (Robert, 1979t Reber et al'." 
- " 

19807 $tachura et al., 19817 Ruw~rt et al., 1982b). 'l'hese 

, atudies\demonstrated that aeveral proetaglandills (and • 

.. 

e~p.èial1Y·PGE2) proteeted hepatocyte. from a wide range of 

'necrotizing, agent., 'includi~ GalN, ·when administered 

either 
& 

a 

riecro'tizinC1 
1 

few minute. before or the 

stimulus. 
~ 

not known whether pros ta-

glandina E2 le (he~ato) cytoprot.etLve after the 'onset of 

hepatocyte injut1.and necras!a. The, present PGE2 studies 

,wére carried out ta d.termine whether'PGE2 was ,èapab1e of 
o 

imparting ",hepato-èyt.oprot.eetion .. after ,the onset of 

Ga1N-induced âcute hepatocyt.e irtjury. Gal~ctoeamlne-

lnduèed P8F, animale in Grade II coma were selected fQr thi. 
. , 

atudy becauae'Grade II ~oma repreaenta the st.age of ~xlmum 
, . 
, 
, 

'. 

, 
l 
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. 
hepa tocy.te injury in this model. ,Grades II l and IV coma 

repreaent the terminal st~ges of hepatocellular injury and 

necrosis (Figure 3.10). 

Of the various dosages of PGE2 tha t were tes ted, 

100 
. 
I-'g body w.~ght was optimal in its effect in 

signif ican tl y improving, the 
/ 

survival time bu t not the 

survival rate' of~ "Gra,de II coma rats (Figures 3.19-3.21 and 
, . 

Table 3.7-3.8).' In latei grades of coma (i.e. Grades III 

and IV coma) this dosage (100 ",g PGE2/100g body we!ght) did 

not improve the survival time nor the survival ra te \ (Figure 

3.22 and Table 3.9,3.10): 'It ls likéIy that during Grades 

III and IV ... hepa tic coma, irre.versible injuries to 

hepatocyte and blood bra'in barrier' May be taking place, ànd 
• l , 

i~provement in survival ti~e or rate could . not be expected 

~ L (Figure 3.10). 

., 
~.3.1 The Effects of prostag1and.1n ,I!!2 ,~n 's~~um Bîochemistr)' 

Since acute. hepatocyte injùrv and necrdeis sever~ly 
" 

affects serum biochemistry (Figures 3.6 - 3.S), the~èffects' 

of PGE2 on hepatocyte function'were assessed QY anàlyz'ing 

the serum biochemistry at specifi~ times (i.~. 0, 4, 8 

hours) after PGE2 injection •. Routine serum 'biochemica~ 

analysis (during PGE2 studies), as parformed by the SMAC 

... 
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and commercially available kits, ia presented in Fi9ure~ 

3.23 - 3.25 and Ta'le. 3.11 - 3.13. 

Generally speaking, the serum biochem~cal analysis did 

Qot . reveal any major differences. between the PGE2 treated 
/1 

group a~d the control animaIs. The increase in serum 

glucos.e levels se en in . Pigure 3.23 was due to a 

8ubcutane~ue glucose injection 9!ven ta all experimental 

animals. This was done to prevent the eactreme hypoglYÇemia 

which is experienced by al,l GalN-FHF animals (Figure 3.6) • 
. , 

In the case of liver énzyme analysis (Pigure 3.25 and 

Table 3.13), a significant improvement in the level of ~th 

ABAT and ALAT was observed in the PGE2 ;nj.eç~ed animal over 
• 

saline injedted control animal. No', slgnificant changes 

were observed with .re,~ct to alkaline phosp~atase or to~ 

in either PGE2 or saline injected animals (Fiqure 3.25). 

Significantly reduced enzyme levels (A$AT '~nd ALAT) in the 

'PGI2 injected ani~als ~u9gest an improvemert~ in liver 

) 

function in this group. During acut~ liver failure, 
, , 

endogenous prost.glandin (E and p) levels are severely 
~ 

depressed (Trewby et al., 19757' Loginov and Markova, 1979') • 

In theae patients infusion of prostaglan~in precur80rs 

improved li Ver function (as' assessed by ASAT and ALAT 

levels) and brought back to normal the level. of various 
lJf 

éndogenous prostaglandine, including PGEi (Loginov and 

·f. 
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Markova, - 1979) • Thùa, in the present study, improvement in 

liver function may be attributed ta the supplementation of 

exogenoua PGE2" 

.,.. 
'4.3.2 The Effects of Prostaglandin E2 on Bepat-Gcytesa A 

Bistological study 

The effects of PGE2 on GalN-injured hepatocytes were 

examined histologiàally by both light and electron 

microscopy (Figures 3.26 - 3.28). Light microscopy of the 

cliver tissue showed similar evidence of extensive mottled 

hepàtocyte necrosis" and karyolysis in both the PGE2 and 

saline tcontrol) injected animals (Pigure 3.26b-d). These 

~light-mic~oscopic studi~B were not Bufficient to show any 

clear distinction between the PGE2 treated and the saline 

irijeèted' control animals. 

. Electron microscopie etudies showeë much- better 
. 

acute hepatopyte injury detaila. Galactosamdne-induced has ~ 

;':n .• hown to reault in a characteristic pattern, of 

hepatocyte necrosis Which directly correlated with the 

severity' of coma grade (Pigure 3.10). ultrastruc~ral 
studies uài~~ 'electron microscopy revea1ed that, during 

Grade II çoma, the endoplasmic reticulum (~R~ became 

• '-- illtimately associated with the nucleus (Le. the ER was 
1· 

wrapped around the nucleus) to ultLmately cause ~ar~olYBia 

and cellular necrosie (Figure 3.10, 3.27). At this time 
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(Grade II coma), the mitochondria ~re 

dis torted, ( Figure 3 .27 ) • 

coma appeared to prevent the 

PGE2 treatment 
\ 
progression of 

a1so severe1y 

'q 

during Grade II 

1iver injury 

for up to 4 hours (Figure 3.2àb). In c?~trast, the co~trol 

~nima1 which r~ceived .only àà11ne (instead, of PGE2) showed 

marked evi~ence of ,ltàrYC;>,lysis' (PigUre '3~ 28a) at thia, t.ime 

(i.e.4 hOUYs. after saline injection). . ~lgh.t hour. after ' 

lGE2 .j,n~é~t.ioR" the h,pat~èyt.è~ star:ted ~ to show evidence ~f 

. kaJrYolysis in Il. ptanner sin1ila~ ta that 1 shawn in Figure 

, • :3~ 28a. ,A1thougb PGE2' seemed to prevent or de1ay the 

progression of' hepatocyte nec;rosis prevenfing 
" ~. 

kary;olysis, it did not. appear to have any significant 
" 

1 

effect on the prevent~on of mi tochondrlal distortion. 

Jfect the 
~ " 

"!'hus ~ - i t '~appears t:h'a t PG!2 may somehow 

hepatooyte' s membrane syst.em to pr'evè'nt the progression of 
" . 

cellular damage. PGE2 may he1p 

t.o stabilize the hepa bqc y te ~plasma membran~ and thereby 

~prav~ its~integrit.y te> c'ellular necro'Sis in the avent of 

taxie in jury ( Stacnurà et al. , 198(1; Miyazaki et a'1., 

1983) • Additignally,' PGE2 may 'also have sorne effects on 

the bepà.tocel~u1ar metabolism to Prevant.the progression of" 
/ 

liver ce'!l n,ecrosis. ~ 
"'" 1 The precise pl1ysiol6g~cal' role of prostagl.andins in 

) 

liver physio1ogy and mate speaifi~al1y 1 • 

in ,hepatic 
" 
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. 
regenerat~pn and as hepatoeytoPJ"otective, agents, ia still 

une 1e~~ '( Lifa.ch'i t;.z, '1983). l t has 'been demons t;r a.ted tha t 
" 

'bepatoeyte plasma, memb~ane possesses PGË, x-eceptors an~ that 

the- meéhanism of PGB a~' ls meÇliated by' . adeny1a~e ' Il 
. ~ 

cyc1ase (Kuehl and ~ ... , 1972 7 Simige~ and Fleiecher " . 

19747 Johus80n and 'Bergatrom, 19827 Bammaratroui, 19,82). 
~ ~ 

l,t has been prGposed thAt. pr~stag~andins fJ may' have à . 
re.9ula~ory effect 'on r l~ ver let,a.bollS~ and funè: toion, . as' 

normali zà-tion , of liver functi~ aecompanied a rise in the 

eonce~tration' of endogenous 
, 

prostag1andins {Loginov ' , 
and 

Markova, 1979) • An ~inerease in PGE was dso observed 

during 1i:ver regen~ration' fol1owing ~t~~l hepatectomy in 

normal rats, suggesting that ,PGE May be 
,', .... 

of 
. . . 

key l.1Dportance 

in DNA synthes'is (MaCManU8 ~d Brac.land, 1976). A reqent 

.report qonfipÙed this' by showing that. p~osta91andlns 

stimUlate bepat.ic' DNA synt.!lesis and may 'seern a like.ly 

trigger for liv~r regeneration '(Miura. AIid Fukui, 1979). 
1 

More recently it \\'aS shown that intraperi toneal:1y 

adJ'ninistered , exogenp':ls ~GE2 prevented the inh~b:1tion , of 
" \ 

hépatic DNA 
, 1 

syntheais by ethanol and a1so prevented the' 

pl"09,reflsion of liver inj ury due .te ethanol (Mokowka et al., , 

1992; MeNei1,'lUld Leevy, 1983; ,MeHeil et al., 19é5). 

Sinee a defeet or tli.n'j ury to the plasma membrane 

appears ta Qe the final aOlDlllon pathway in nearly all forms 

," 1 
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J' he~tocel{Ul~r necroais (popper, 1981), pro.t4g1andins . 
( , . 

c:ould impart hepatoc'yte protection by' c:aQsiog the 

".t.abilization", of the hepa t.oè y te ' s plasma membrane and,. in 

thi. way;" enhance the integrity of cellular membranes , 
. ' . , 

(Robert, 1981.) • The mechaniatn 'for this ia not known. 
• 

demons tr~ ted ta stabi~ize cat 

l1vèr lysomal membranes (Arakl and Lefer, 1980) and by this 

mecbanism pr&cect hypoxic liver damage in the isolat.ed 

perfused cat liver mo~el. Moreover, PGE2 completely 

prevented severe lysoeorruil damage ~ hepo. toc:ytes ,f,ro~ a 
....... 

~ariety ol noxious agents, includiilg GaIN (Stachura et al.,' 
~ . 

1980, 19811' Ruwart 'et aL, 1982a,b; Miyazaki et aL,' 1983) .• 
~4 

Rec:ently it was . proposed that, sinee ~2 8ti~ulatee 

CY9l1-c AMP formation, tbia may be the media~for cyto­

protection (s tachura et ~l • , 1980, Miyazaki 'et al. i 19831 

, Ruwart et al., 1984) • Al t.erha ti vely, prostaglandine 

and P2 ') may allo have important regulatory influences on 

cellular metabollsm and thereby stimulate (as yet ~kn<?wn) 

mechanisme to etrengthen the integrity of the hepato-, 

cellular plasma membranes. At the present time, however 1 

, 
there is, no doc:umented evldence for the lneehanism( sJ 

~VOl ~ed • .I,n hepa to-cytoprotection, by pr08ta91a~n •• 
f . . ... 

. r 0 
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4 ~ 4 PROS'fAGLANDIH B2 STUDIBS 1 l'rS BPPIcrs OH BRAIS ml!MA 
, 1 

The eytoprote.cU ve effecte of \PGB2 ~n varioua organs 

incl~dirig the U:,ver has. been exten~i";el.Y: st4ed" ainee - i'ta _ 
" , ~,,'-' 

initial disc:overy near1y a decade -AgO (Robert, 19--7., 198.1' .... ' , ' , 

\St:achura 'et' 'al., 1980). \ Recently ?GE2 has been 

demop.a tt:ated to aignificantly prolong the surv! val tima of 
~'- fl. 

..,. ~ , .. 
GalN~ rats in Grade' II - hepâtie Cloma (Dixi t and Chang, 

T~ -

1982). Howevar, POI2 given' in 1atar grades of coma did not 
• 

improve the 

~abl. 3 .·10 ) • 

• urvival ,time or survival. rate (Figure 3~22 and 
',1. • 

1" 

The preciaè mechaniem 

elucidatec1.' Some effects 

for 

of 

yet to be 

GàlN-injured 

hepatocytea have been discussed in !the preeeeding section. 

In the pre.ent s.cUon, the affects of PGE2 on the 

development of brain edama will be considered. 
~ 

Brain edema i~ now recognized .as one of the major 

complications, of ful.minant hepatic failure (ware et. al.,' 

1971 J Boyumpa, 1979 J Ede' et al. , 19~2 ) • '!'hUI, in the 

present .tud)", the effects of PG!2 on the t.levelopment of 

brâin edema in GalN-PaF rats has been inveatigated. ' 

4.4.1 The Iff.cta of proatA\:j1andin B2 on Brain Bdema 

Bvidence" , of 1:11e, extensive development of brain edema 

and subsequent brain .well.ing during prQgres8ive stages of 
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" ' .. 
GalN-induc:ed hepatic injuty haâ been disc~ssed in a 

preceeding section of thi" chapter (ligure. 3.11 -. 3.18 and. 
, , 

Ta~l. 3.6). From these control etudies it 'was observed 

~~t Grade II coma represent.éd a critical and pivotaI stage, ,\ 
.... , ) , . 
in the developmer:tt of ,brain edema. During deapar grades of' 

coma (i.e. Grades XII and IV hepatic coma), extensive 

cytotoxic' in jury to the bldod-brain carrier was thought to 

r •• ult in the dev~lopment of vaaoganic adèma, (Figura 3.1~ 

In the PGE2 studie.l,~, the effec:;t of PGE2 on thé, 

development of brain adema has baen studiad during Grade II 

• \ ·conlà. A quantitative study involving 'the affects of- PGE2 
. 

on brain water content and brain awelling has been 

pre~.nted_ (Tabl.. 3.14, 3.15, and Figure 3.29). In 

addition, a hist.o1ogical study ~sing light and eleotron 

micro8copy has aleo ,been presented (Pigure. 3.31 - 3.35). 

Pina1iy, a study involving the effects of PGE2 on ~e -,-
integrity of 

(Pigure 3. 36 ) • 

. which recel ved 

the blood-brain barrier ~s also pre.ented 

In these studie.~ it was jeen, th~ anj,mals 

~GE2 did not show a~y ~~gnifiC~n~~n~rease 
in eithar brain water content· or brain 8welling ('l'able. 

3-~14, 3.15" and Figure 3 .• 29) 4 hours after PGE2 injection. 

Iq contras~, the control animals which received only saline' 

and no PGE2 showed a 3.5 lold increase in brain' water 
, , 

content during this sanae time period (Pigure 3.29 ~d Table 
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3.15) • Fur thermore, in the PGE2 injac ted animaIs, a 

r_auction in brain edema waS observed 8 hours 

injectioA (Table 3.15). At th1s timé, both the brain water 

,con ten t and brain swell ing subsided to near normàl val uee 

(Tabl~. 3.14, 3.151. In the control group; which received 

only saline, no survival waa obtained 8 hours' after sal,ine 

injection. lt ie likely that in the control ',(8aline 
~ 

'injected) group, extensive hepatocyte necroais and the 
, 

development of severe brain edema may'have been the cause 

of death.' 

In the present P,GE2 etudies, the developmen t . ' , of ,,-'brain 

edema was a1so examined histologically using both light and 

electron microscopy 3.31 -' 3.35) .' Light 

microsc::opy resul ts (Pigures 3.31 and 3. ~2) complemen ted the 

quantitaAtive meas~rements of brain 8wellin9 (Tables 3.14, 

3.15, and Figure 3.29). Ligh t' microscopie studies in . , 
'con'trol 4nimals ( 1.e. saline injec ted) 'ahowed progressive 

and widaspread cerebral and cerebellar edema 4 hours af ter 

saline injection (Pig~re 3.3lb and 3.32b). During the same 

time period, the PGE2 injected. animara' displayed somewhat 

less brain edama (Figures 3.31e and 3.320). A distinc~ 

""lbsence of brain edema was eviden t a hours af ter PGE2 

injection ('Figures 3.3ld and 3.32d). E'lfo.t~on m~~rosc<?py 
Il tudies showed conaia ten t presence of brain edema in a11 
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Grade II, coma GalN-PHI' animals <'igure 3.3,3). It waa 
, 
o~ •• rved that in control animals, whiC;h received only 

.~lin., a further progre •• ion in brain edema occurred 4 
• , <) , 

houra aft.er. At ~thlS time extensive swelling of the' 

perlvascular a.tï:09~1 cells, a8 \\'ell a8 the presence of 

'abnorplal vacuolee' and necrot!e structures, were cleârly 

.vident in these animals (Figure 3. 34a) • In marked 

contraat, the _ PGE2 injected animala ehowed a dt."amat.ic 

control of the perl vascular Istrog1ial ewe111n9 during ~e 
.\ , .am. time perlod 

(l'igure 3. 34b) • 

mitochondria 
, 

were 

( 1... ~ boure att.er PGE2 injection). 

Although soma vacuoles and sw01Ütn 

still 'visible, the overail ast.roglial 

[ '."'ellii,g was significantly reduced when' compared ta ita 

correspOnding control group. Eiqht (Ihours after PGE2 
, 

injection, 'an, almoat. complete remission of astroglial 

.well ing' was .een ( Figure 3.35 ) • l'urthermore, at this 

,timé, i;here was no evideqca ,. of 
.' , any' severe' tissue , 

, . 
compre8s1on or nacroais. Thu8; as witneased by electron 

mic~~scopy ~ PGB2 was able to redoce and nearly abolish' the 

presence of brain adema during ,GalN-I'H~~ However, in thi 8 

regard, it cannat be overlooJced that PGB2 RlAY h~ve an 

effect on the hepatocyte itself, thereby ir)ducing 'th._ 

eynthesis of 80me factor ( .) which / in turn may Act on the 
1 

,b.lood-brain barrier, to 4Ineliorate the brain edema of 

, ~ -

, 
" 

f , --

•... 
, , 

... 
,'" 
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GalN-P'HF. it. hae been demonatrated that 

exogenoua PGE2 had a benefieia1 effect dn the hepatocyte 

p1alma membrane such that it im~ovep ATP dependent 

membrane, funetion by improving high en'ergy phosphat~ levèla 

and alowly lmprove ATP-dependent intracellular funct,,!on 
, ' ' 

Pina11y, in order to (nveatigate whether PGE2 had Any 

etfeqta on '~he structural integrity of the blood-brain . 
barr1er (BBB) , 'trypan bl~e dye infulion atudiéa were 

èarried out. • Representati'iJ'e observations from 2S anima1s 

ar,e presented in P't%ure 3.36. Normally, an intact BBB 

prevent. dyes of 1a,:g. mo1acular weiÇJht, such a .otrypan 

blue, l'rom staining the brain'. In thé present 

when trypan blue wa. injected 1nto Grade II coma ima1s 
. 

juat prior ta PGE2 or control sa11ne injection, a slight 

in3ury to the BBB was seen. Pour hours after thi., when 

trypan blue was lnjected into control animals th$re was 
" 

deep blue atainlng of 
, 

the complete brain, ehowing a total 

braakdown of the BBB. On, ~e 'other hand, PGE2 inj'!c,ted 

animals at 4 hours and 8 hours after did not revea1 aave:t:e 

blood brain barrier breakdown. "TJ,u., from thes. atudiee it. 
, .... 

appears the. t PGE2 prevented the btealcdown of' the BBB and 

the transi tiQn of cytotoxic brain edemt to vas.ogenic brain 

edama, at 1east for up te 8, hoùrs, 

-- ..:. 

<, , 

- , 
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'.rha phys~.0109ical action of pros ta,glandina (E) on -
4' 

brain capillary andotha~ium is uncér tain. Confli'cting 

reports of it having vasconstrictor as wall as vaaodilatory 

effac t have aqded . further ,"'- ~ 
con to 1. ts.. é ~ e..ff~c t 

(Steiner et al., 1972: Wolfe, 1975) • of PGE2 on 

BaB structural in tegri ty is Thê e(fec ts of 
~ 

PGE2 on bile Na +K+ -ATPasa pump, adenyl cyclaSEt 

activi ty, and cerebral ,vascula ture ia well docum,nted 

(Wolfe 4' 1975: Rapoport, 197~ Greenberg et al ~, 1982·) • 

oepressed brain Na +1(+ -ATPase activity has been reported -
following various types of, bra in edema and FHF (De Vico, . 
.1978: Mrsy1ja et oU., 1980: Ede et al., 1982: Seda et al., 

'1984) • PGE2 has been shown to stimu1ate 
. ~ 

activ.i ty in the . brain 
~, . 
(Wolfe, 1975: Gi1boe et al:1 1976: 

'Greenber9 etaI., 1982). Thus, i t may be possible tha t 

.sUm,Uia tion of Na+I(+-ATPase act·ivi ty .by exogenous PGE2 may 
(", 

llelp to main tain' the physical ,as weIl' as the electro-

chemical in tegri ty of the blood-brain barrier agains t the II, 

circulaUng ;oxi~s o~ 1iver fail,ure. Furthermore, .in 'brain 

capillaries ft has been demonstrated that regulation of , . 
permeability ie mediated by cyclic AMP (Joo et al., 1975: 

, 
Joo, 1977). ,The tac t tha t PGE2 stimula tes adenyl cyclase 

, - \, 
~ctivi ty suggeats that PGE2 m4Y ~lay a t'olé in mai~ining 

~ , 

the permeabili ty of the blood-brain barrier which is olten 
(! 

cOlnpromised in a'cu te liver failure (Zaki et al., 1983~' 

i984). 
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CHAP'l'IR V 
CLAIMS TO ORIGINAL RBSBARCH 

5.1 SUDlDAry of Cl aima to original Raa.arch 
'1 

1) 

2) 

Baaic phyeiological, biochemical, and histological 

(LM/Dt) studies were carried out to cJ:laracterize ~e 

galactoaamine-induced fulminant 

- (Gal~~HF) 'nodel 'with- respect to 

development Of hepat!c coma. 

hepatic' f~ilure 

the pro9ress~~e 

It wa. found' t.hat galactosamine ~,induced a , 
characteristic pattern of intracellular events wbich 

lad to eventual hepa toc y te necro~ts. Thesè events-

correlated to the severity of hepatic coma • 

3)· It waa obaerv.,d that significant changes in the 

orientation of the hepatocyte'a endoplasmic reticulum 
/ , 

(BR) and mi tochondria started ta talce place before' the 

onset of overt ence~halopathy 1 i. e. as early as Grade 
~ ,. 

At thia t;me the ER and mitochondria 
f1 

~.came closely ~ed 'with each other and startad 

to al~n themselves Along thè nucle&r, membrane. 

4) \ During Grade II .hepatic coma, ,gro88 structural 

alterations in the mitochondria ware visible 

throughout :. the hepatocyte: 

h~comPl~telY ancircled the, 

Also at this t!me the ER . 
nualeus ta envelop it.' 

Thua, it was founCl. that. Grade Il hepatio coma 
o -.', 
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represen ted a critical stage during GalN-FRF when 

cellular sequences lead!ng te hepa toc Y te karyolysis 

had begun .. 

5) It was found that the hepatocy~e' 8 ER is ,intimately 

associatéd with 

Màssive hepatocyte 

during the terminal 

Gal-induced~ver cel~ nectosis. 

necrosis ( appea~ed to talte place 

stages o,f GalN-FHF, i.e. during 

G:rades III and IV hepatic coma. At this time it 

appearêd that the ER, which had wrappeCl itself around 
"\ 

the nucleus, resul ted in t-.he destruction of the 

nucle~a • Foll;owing 0 karyolysis, cellular ~ecrosis 
.... j~ 

ensu,d. 

0-6) Galactosamfne-induced FRF re8u~ted in the progressive 

dev,lo~ment of. brain' ede.ma (as evalu,ted by tissue 

.1 ) 

8) 

h1stOl09Y. (LM/EH), and brain <J' water content and brain 
1 

~ 

awelling I\me-asur~lilènts) 'which correlated with the 

ihcreasin'g 8e'verity of bepatic coma. 
\ 

Gal ac,t.o e amine- induced 
(' ~ ~ r 

in. profoun? FHF re,\ul1!ed 
, 

dehydra tion of the FRF rats. In these rats, despite 

gener:al llody dehydration, the development ?f 

edema remained a con_sistent' pathological feature. 

EVidence of brain 8wellin9 due to brain edema was 

evident befora the onset of : overt hepatic ~oma, i. e. 

when the animal was il! Grade l hepatic coma. 
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9) Electron microscopy and trypan bluE! dye infusion 

s tudies revealed tha t the ev01u ti9n ~f brain edema 

followed a biphasic pattern in which cytO"toxic brain 

edema preceedéd a vasogenic ,corfiponen t. 

10) Grade II coma appeared to be the cr i tical and pivo tal 

turning in the evolution of brain edema. , During 

the t~rminal stages of GalN-FàF (i. e. Grades III and 

IV coma) comple te J>reakdown 9f th~ blood-brain b~rrier 

- -resulted in the development of vasogenic brain edema.' .. 

11) The breakdown of the blood-brain barrier \lias firs t 

e~iden t in 

cerebrum. , 

the cereD'ellum and rapidly followed to the 

12) . PGE21 when injec ted in to GalN -FHF rat~ in Grade II 
. 

hep~ ti.c coma, significantly increased the survival 

ti,me bu t no t the Burvival ra te in these ra ts. 

13) PGE2 ha,~ no signi~ical\t effects on ei ther the survival 

. time (;Ir survival r.t~e pf GalN-FHF rats in terminal 
\ 
stages (i.e. Grades III end IV coma) of FHF ~ 

14) . Prostaglandin EZ prevented the devèlopmèn t of 

GaIN -induced hepa tocyte necrosis when 9 i ven t~ rats in 

Grade II hepatic cqma; It had no significant effects 

in la ter grad~s of coma. 
., " 
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15) 

16') 

PGE2 prevented the progression of brain edema and 
~ 

... brain sw,11ing when 9i ven to GalN-FRF ra ta in Grade II 

hepatic coma. 

PGE2 injection significantly prevented the development. 

of astroglial 9we11ing for up to 4 hours 1 8 hours 

aftet PGE2 ,injection
l
, brain edema, as evaluated 1;>y 

tissue histology and mèasurement of brain water 
" -" 

content and brain 8welling, had subsided to near 

normal values. 

, , , 
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