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As high sulfhydril levels were shown to reduce the 
action of agents causing tissue-injury, increasing 
glutathion concentrations may have cytoprotective 
potential. In this study the hepatoprotective effects 
of several derivatives of 4-carboxy-5,5-dimethyl 
thiazolidine, a modulator of glutathion metabolism 
were studied in rat liver damaged with CC14. It was 
found that 4(S) carboxy 5,5-dimethyl-2 (5'-nitro-2-fu- 
ryl) thiazolidine (dimethyl-thiazolidine-nitrofuran: 
DTNF) had the most significant hepatoprotective ac- 

tion; therefore it was subjected to detailed investiga- 
tion in various models for acute and chronic liver in- 
jury. This compound was shown to ameliorate allyl- 
alcohol induced liver injury in rats, galactosamine 
induced hepatitis of mice and CC14 induced chronic 
liver damage in rats. Our study on protein synthesis 
in primary hepatocyte suspension culture showed 
that cell injury induced by CCl 4 could be reduced in 
the presence of this thiazolidine compound. (Patho- 
logy Onco logy  Research Vol 1, No1,  60-63, 1995) 
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Introduction 

Thiazolidine compounds represent one group of hepato- 
protective agents which act by elevating liver glutathion 
concentration or by interacting with electrophilic groups. ~ 
Thus ihe direct or indirect neutralization of endogenous or 
exogenous toxic substances is implicated in the hepato- 
protection. Previous studies on the reaction between mer- 
capto amino acids and aldoses resulted in obtaining 
(4R)-2-polyhydroxyalkyl-thiazolidine-4-carboxyl acid. 2~ 
Investigation on the pharmacological properties of thia- 
zolidine-4-carboxylic acids, and especially 2-polyhy- 
droxyalkyl-4-thiazolidine carboxylic acids, showed that 
these compounds can protect against the hepatotoxicity 
elicited by high doses of acetaminophen in mice. s<) 

The purpose of the present study was to decide whether 
these new thiazolidine compounds have hepatoprotcctive 
action in acute and chronic liver damage in rats. 
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Materials and Methods 

Chemica l s  

The thiazolidine compounds used in the present studies 
were prepared from D-penicillamine with diverse alde- 
hyds in aqueous solution at room temperature as reported 
previously, e~ The 2-substituted 5-5'-dimethyl-thiazoli- 
dine-4(S) carboxilic acids are 2(R,S)-epimeric mixtures 
with rcprnducible melting points and of  near constant 
optical rotation. The chemical analysis of these compounds 
were performed according to the methods described by 
one of the (Z.Gy.) authors. S~ The main characteristics of 
the compoutlds synthesized for the present hepatopro- 
tcctive studies are shown in TaMe 1. 

A n i m a l  e.rl)erimenrs 

CFY lnale rats were purchased from LA~FI G6d6116 
Hungary and fed on a standard LATI chow. In each ex- 
periinental group there were 6-8 rats with 180-200 g body 
weight. Liver damage was induced by intragastric admin- 
istration ofCCI 4 (diluted with corn oil 1:3) in a dose of 1.5 
ml/kg. Thiazolidine compounds were given in the indi- 
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Table 1. T h e  chemica l  charac te r i s t i c s  of thiazolidine 
compounds 

No, Snbstituent Melling Yieh7 Spec(tTc rotation 
point (~C) (~'/~) [odD 

1. 5 ' -n i t ro-2-furyl  147-148 72 -159 (0.829) 
2. 4 ' -pyr idy l  149 151 54.5 + 42.7 (1.320) 
3. l ' -me thy l -py r ro l -2 ' - y l  126-128 68 +87.5 (0.471) 
4. 4 ' - m e t h y l t h i o p h e n y I  150-152 97 +174.4(0.516) 
5. 4 ' - f l uo ropheny l  126-127 90 +86.9 (0.473) 
6. 5 ' - indol-2-yl  140 142 57 +18 (0.55l) 
7. 2 ' - th ienyl  129-131 62 +56 (0.549) 
8. 2 ' - benzo fu rv l  96 68.6 +215 (0.511) 
9. 3 ' - n i t r opheny l  (DTNF) 139-140 84.6 -26.4 (0.588) 

cated doses per  orally 3h before e e l  4 poisoning.  The 

animals  were sacrif iced 48 or 72h later in ether  narcosis  

by exsanguina t ion  via aorta  descendens ,  and the blood 

was collected.  The  l iver  was r emoved ,  immed ia t e ly  

f rozen on dry ice, except  the midd le  lobe, wh ich  was 

f ixed in f o r m a l i n e  for h i s to log ica l  sect ions.  

L ive r  injury was also s tudied  in rats r ece iv ing  20 ml/kg 

a l ly la lcohol  (1 :100  di lu t ion stock i.p.). T rea tmen t s  with  

the th iazo l id ine  c o m p o u n d  were  p e r f o r m e d  lh  before  

poisoning .  E v a h t a t i o n  of  the e x p e r i m e n t  took place  24h 

af ter  a l ly la lcohol  t rea tment .  

G a l a c t o s a m i n e  induced  hepat i t i s  was s tudied  in male  

C B A  mice,  by app ly ing  a dose of  750 mg /kg  i.p. Treat-  

lnents  wi th  the test c o m p o u n d s  were  pe r fo rmed  6h af ter  

poisoning .  For  the h is to logica l  s tudy the an ima l s  were 

ki l led 24h later. 

Table 2. Relationship between chemical structure and 
h e p a t o p r o t e c t i o n  of 4 (S ) -carboxy-5 -d imethy l  thi- 
azol idine derivatives ~ 

Thiazolidine Protective Extent of 
e!ffect on SGOT necrotic 

Sttbstituents (R) ~' elevation ~ hrszon~ -" 

4-pyr idyl -  9% _++ 
3-pyr idyl -  14% ++ 
1 ' -me thy l -2pyr ro ly l  14% ++ 
4 ' -me thyI th io  p h e n y l  20% ++ 
4 ' - f l uo ropheny l  23% ~' ++ 
5-indolyl-  20% + + 
2- thienyl-  205~ ++ 
2 -benzofu ry l  24 ~} + + 
5 ' -n i t ro-2-furyl  439~ + 

a: CFY rats (n={,) were treated with the test cornpounds (100 mg/kg 
i.p. doses}, then 3 hours later 1.5 ml/kg CC14 ~,*Tas administered 
per orally. Animals were killed 48 hours alter CC14 treatments 

b: thiazulidine 2-H substituted by R- 
c: P C l' / Cxl00 where C is the change in control liver upor'~ toxin 

treatment, T is the change upon treatment with the test com- 
pound in the damaged liver. 

d: Severity of the lesions in the liver was assessed by the extent of 
necrotic changes in liver Iobulae in histological sections. The 
sections from liver treated with C(711 alone showed a score of +++. 

e: Statistically significant difference between the values in only C(71~ 
treated and in CO14 plus test compound treated groups (p< 0.05). 

Chronic  liver damage  was induced by adminis te r ing  

CCIa peroral ly to rats in a dose of  0.15 ml/kg, twice a week 

!or 1 month  (fibrosis model)  or in a dose of 0.3 ml/kg for 

15 weeks (cirrhosis model).  At the third week of  the experi-  

ment  D T N F  was admin is te red  5 hours  after beg inn ing  of  

CCI~ t reatments .  For  the study of  the effects  on the already 

deve loped  l iver cirrhosis ,  rats were t reated with the thia- 

zol idine compound  from the 15th week  for 4 weeks after 

cancel l ing  hepato toxin  adminis t ra t ion.  An imals  in control  

groups received 5 ~  Tween 80 as vehicle  i.p. 

Meihods f o r  evaluation,, o f  liver i#,ju O' 

For the est imation of  quanti tat ive changes in acute liver 

injury, glutamate-oxalacetate t ransaminase  activity of  the 

sera (SGOT) and glycogen and triglyceride content of  liver 

were measured  according to establ ished methods.l '4""~ The 

amount  of collagen was determined according to the quanti-  

ty of  hydroxyprol ine associated to protein. 12 Histological 

evaluat ions were performed in HE stained liver sections. 

The severity of necrotic changes,  fatty degenerat ion and 

connect ive  tissue accumulat ion was scored surveying 50 

lobulac per section and are given in ,arbitrary scale units. 

Table 3. Hepatoprotective action of 
2-(5'-nitro-2- furyl ) -4- (S)carboxy-5 ,5-dimethyl- thiazol -  
idine (DTNF) in CC14 induced liver injury ~ 

Treatment Triglyceride % Glycoge~z ~4 
mX/'g w . w .  mglLr w . ~ , .  

Cont ro l  6.9_+3.0 100 46.3+6.4 100 

e e l  4 alone 48 hrs  39.0+4.4 562 3.9_+1.3 8 
CC14+DTNF 48 hrs  14.2+2.8 + 205 32.5_+2.1- 70 

CO14 a lone  72 hrs  20.9_+6.8 302 16.7~-4.9 + 36 
CC14+DTNF 72 hrs  17.1_+6.2 247 48.8_+4.6' 105 

DTNF a lone  48 hrs  5.5_+4.0 79 46.1+5.0 99 
DTNF a lone  72 hrs  6.5+1.8 94 44.5_+3.9 96 

a: Cl~Y rats were treated with DTNF in 100 mg/kg dose ip., then 3 
hours later 1.5 ml/kg CCI 4 was administered p.o. Animals were 
sacrified at 48 or 72 hours of the experiment as indicated and 
serum GOT, liver triglyceride and glycogen content were mea- 
sured; there were 6 animals ill each of the treatment groups. 

+: Significantly different from the value for the CCI~ treated group. 

Slolixtics 

The significance oi differences betv,.'ecn means w, ere as- 

sessed using Student t test; P>0.05 was regarded as signi- 
ficant. 

Results 

To cnmpare  the hepa topro tec t ivc  act ions of  the 4(S)-car-  

boxy-5 ,5 -d imethy l  th iazol id ine  compounds ,  doses of  100 

mg/kg were adminis te red  in rats 3 hours  prior CCI, indu- 
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ted l i \ e r  in.jut 3. 7{d>tc 2 sh,,w, s hcpatiHm~tccti\c actix it\ ill 
It:rill o1 rcdtlcin~ the S( I ( )T c lef : i l ion.  l l l e  ili[ist cffccl i \  c 
dcl i~ativc~ oflL:rcd 24 43 percent protcclioi3 i f  tl~c c lc \a 
l ion o i  ~ ( I ( )T  \~.~ls 13lC~lMliCd. bil l  in ccrlain crises> lhc nec- 
rotic le,,i~)i> ~ci-c ai<,~ :lmclinraled. ()no ~fl lhest" COll3- 
F,t)tn3ds. 2-(5 ' -n i t ro-2"- fur )  l )-41S )-cart~oxv-~,3-clinK'th\ l 
thiazol idiue iDTNI:) ,  was selected a~ the lllOst potcllt 
b e C L I t b ,  C i t  t~ , t l ' ,  'able to inodi fv  la\ 'orublv the a c c u l l K d a t c d  

t r iglyccridc Lllld the rcduccd glycngen COlltCill induced b \  
CC1 i f7;dd<' .7). In addit ion, a~ 77ddu 4 indic',iics, a l l ) l -  
Mcollt)l indtlccd acute I i \ c r  injt ir) \3,'tie also reduced b) 
DI'Nt:.  Fhe hci~att)protcctJvc of f c01 o f  DTNI '  was lur lher 
studied in g;.llaClOSZil3iil3c induced l i~cr in jur)  i.e. iit all 
acute expcrinlcnt,  n3odcling "l~cpatitis" in mice. Cyanid',t- 
nol 3 'aas used in a dose of 251) mgtkg :is :l rclc'rencc 
conll3ound f77dde 5). Morpholog ica l  evaluations of  tal ly 
l iver and hepatoccl lular ilecio>is \~ere carried Otl[ aild 
deil3Onslralcd ~.i pronl.irlced t i i i ic l iorat ioi l  o1 these lesions 
upt)n trcall13C33t ~ i th  DTNF  in tt dose o f  100 m j k g .  

Tabh" 4. Act ions  of D T N F  on a l ly la lcohol  induced  liver 
i n j u r y  

" In 'a tmc: : t  5(_7{.)7 (rennet~nil x hour) 

(Mntro l  I .b0+t).43 
Al lv la lcoho120 m l / k g  4.10• 1.(~0 
All~qalcohol 20 nil ,,/kg 2.84+(1.q0 
�9 LbTN F 10t) nlg/ '  kg 

a: Ct:h rat- wcrc trcatc'd with D INI:ilt)0 111~/k,~ i.p) and 1 hour DtL'r 
<Hl~l<Hcoh,,1 w<~, <ldmiui-tered i l, iu ,~ d,>,c' el 20 ml/k~ St;i ' l l  
acti\ it~ was 1Glt',/>tilt>d 2i hotlr~ dirt!l poi'~OllJll~ (B "~). 

77#/)I~" 6 <;un3n3arizes the results ~ll the vxper imenl~ dc 
signcd for the c'~ aluatiol3 o1 the cfIects o1 D T N F  in chro 
nical ly  induced l iver  injury, h was found that apply ing 
I00 mgtk7 D T N F  5 hours al tcr each administ rat ion o f  
CCl  4 s g 3 " ca it )' p rc \c i l led  the devc lopnlen i  o f  chronic 
l i~er hljtlr.~. Thi~ COl3Cltl'dOll is based on biochcni ical  
133etlstlrelltClll <-, ()l col lagen lexcls and ovall. latiol l o f  lfisto- 
logical  sections (duta not sl3t)~. 13 I. 

Table  5. M o d i f i c a t i o n  of  g a l a c t o s a m i n e  i n d u c e d  
hepati t is  by  D T N F  in mice  

Trt'st#Ht'#! t ' 

M~,phl>/l>:~icol 
tIltt'#2?[[Oll~, b 

Faft:/ liver Necrosis 

Cont ro l  t) 0 
Ga lac to samine  a lone  3.2 2.7 
Ga lac to samine  + DTNF 2.0 1.2 
Ga lac to samine  + Cyan idano l -3  0.8 2.4 

a: 750 mg/kg gala,.to<,amine was given to mice i.p. and 6 hour> later, 
treatments with the test colnpounds were carried out i.p. m doses 
ot 1 tit) mg/kg (n='4). Animals ~,,, ere killed 18 hrs after poisollinK 

b: The se~.eritv elf the necroti<, lesions and fattx liver were evaluated 
in a selrli-quantJtati'.,'e n'lam'ler i l l  liver sections aitt!r I IF staini!L< 

D i s c u s s i o n  

Sll idicx oil the dcr i \a l ixcs e l - |  carbo\ \ -5 .5  d i i nc l l l \ l  
thi: l /~l l idinc <, re\ calcd Ill,i[ y,t)lllC t ) [  Ihc~,c ctq3lpt)tillds hu\c 
hcpatnprnlccf i \c ac l i x i i \  i lTain,i I i \c r  iniur) :lTddu )) 

Slrticturcs col3iail/ill.,<,_, 4'-p>rid) I. Y-P3 rid} 1 (11 l- Incth31- 

Table 6. Effect of  2-i5"-nitro-2-furyl)-4 carboxy 5',5-di- 
m e t h y l - t h i a z o l i d i n e  (DTNF) on the induct ion  of  rat 
liver cirrhosis 

"l reatnscsst C'oH,'L<4ui: i li,t<do<,,'ti 

CC[ t I)I  N /  ' ( )lt-]~rolim' [ iino,4i,~ ( i , r l : ( ) : i ,  
Vx,s i. V . I/<<,~/n (<; 

7.7 :c,'<'L~ ~ 1~ ,c<'</,- D, \ '  t t'I<,d tTtf M:d  l-v/ 

122+1 I  I ) i l i )  (L / I t )  I ) ' l t )  ( ) / I t )  
().3 m l / k g  30(~• I i '7  (-,/7 
0 . 3 m l / k g  I ( ) m g / k g  3t)3_+(~4 ()/u 1/9  2 / 9  - 
0.3 l-nl/kg 100 m g / k g  27(~+3,S ~,'q i / q  ],"-q 

\ I o d  : n~cldcrnle; J;\l e',.tcn<~l\u 
Tw ice  w e e k l y  
I I't'dtlllt!11[ 3 htiHl'~, a l lo t  ( (  1 i 
I ) i l i c r tm~c Il'Onl ( ( i i i n j u l cd  n i l .  i .  '.i'.,l~il i< <lift ,ll p ,  tl.(}:~ 

2-pyrrol~l re~iduc~> as subsl i tucnls  e l  2 hy'drogen in fiqc 

thiazol idinc i ing were inef fec l i \ c  in conn; is t  to lhose 

containing phenyl groups with eitllcr fluorine and methyl-  

tim) gruups or condensed  heterocycie~ c 4 .  5 indolyl or 

2 -ben iofury l  derivat ives.  Titc best result> wcrc obta ined,  

ho \~e \c r ,  x~ilh con ipound~ c o n t a i n i n g  hc te roc~c l ic  sub- 

Milucitls of  t l l iazol ldinc (2" fllien)'l and 5" -n i tn>2" - fu ry l  

dcr i~at i \ 'cs) .  Hcpalo l )n) tec t ive  a( l ion> of thc~c cout-  

pound~ ~rc re cvah la led  on il]c b',isJ~ nf  both b iochc ln ica l  

( serum G O T  acli~ily, lipid, ~ l>cogcn conten t  o1 the l iv- 

er) and hi~tolngical  l a s sc s smcn t  of  the necrot ic  h :s ions)  

nlctl lod~ (data not ,hox~n). The cOinl)Oul3d 2-15' nit 
r t > 2 - 2 - f u r y l ) - 4 - ( S ) c ' d r b o x , : - 5 . 5 - d i i n e i h y l  th iazo l idh3c 
( I )TNF)  ~as sludicd lur lhcr  in both ti3c CCI~ 'and olher 
ii3odcl,~ <)I l i t e r  injury. 

()t i t  i0su]b> indicate thai ttlc l~cpatoprotocti~e activi ty o f  
1)TNf: i~ 1il.)1 roMrictcd h) (_'C1 l i l idt iccd l i~cr il l jur~ bu- 
c~i[i,,c Ihc ti l l} h.th:ohol iuduccd l i~cr dZllll;.i~c and Utilaclo~, 
amine induced acute hcpalhis could boti l be amelioiclted 
by treali l iei l ts with this co113potilltl. II wa~ i-cillarkable in 
oLir experiment tMt using ihe galacw<;amine model, tile 
elTcct of DTNF  against fatty l i~er and the 13ecrolic lesions 
Stllp'lsscd th'at o f  cyanidanol-3. I13 addit ion the develop 
I I /C I l I  e l  c l l ro l31C I I ~ o r  da l i l ; . l ~c  ~t l '~ a ]> t )  I a v c ) u l a b l ~  I i lOc l l -  

fled by sinmltaneoLiS lrcal incnls whh i )TNF. Ho~ever,  
ilie~,o clTecis ~e lc  present only in anhmils treated ~ i i h  the 
high i.p. dose (100 mglkg) o f  DTNF simuliai~eously with 
CCI~. No signif icant effect was observed either by histoh)- 
gical or biochemical evaluations wtlei3 I )TNF  was admhl- 
istered after the developinent o f  cirrhosis. 

The efleclivity of DTNF on the ttctitc ('('14 induced liver 

injury may be attributed at least in part to the cytoprotect ion 
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Mocl i l i t_a t i l~n  el l  : \Ct l tC a l ld  ( ' h r o n i c  l . i \ c r  I ) t i i l l : i , , c  ())~ 

{d lc ' rcd b,, h u h  i n t l a c c l l u l a r  ' ,u l i ]~ \dr i l  I t \ e l .  Sil],._c il \~zl~, 

it_'l~t~rtcc[ tll ',iI lilt.' p r ~ t c c t i x u  u l c c l l a u i , , l l /  o1 o thc ' r  

2 o \ t l  2. c a r b t ) x \ t h i a z o l i d i n c  t.'Ollli~t)tllld:-, ;ie;lil l>,t l i , ,c r  

t ~ x i c i t \  c~)tllct bc t-chi icd It+ the gcncr : i t i t i i ]  u l  c', sl~_'it]~."" " it 

i+ ~l p~l,,,,ihilil~ ih:tt I ) T N F  :.tico :i<_t'., ihi ' ,  v,.~i\. FI+ to<-,{ tiff,, 

pu',sihilit) is the :.tin] t l f  loi+thct+mii]g L'xpt_'rin~cnt. 

R ~ ! l e r e , c e s  

I. 1~,,,..,,..,~ Ill; .  ]:ri/, ~,,~./W ,Hid "U~,,,rcllc,!d I1'1r \ i~.l;mt~: :~qr  

ric :l,,'.,zQ t~t h i : i \  c ,'i idc-, in nt!l'tlll/. ( ' l  it] ( 'hem 21:4.'1 i41. l tJ75 
2. ];:,t,/~,i, 17. (;~+;:e,<ic~i/, l . .s:U,i<,xi 1,. '>6~U,,r 1' , , , 7  I?,~<1;<~ I :  

I t c t c r ~ c \ c l i < < h c  \crt ', i i ldUilQ<.' l l  au,, ZtlCb.ctl'l/. NI R]TI~',,.ll 
hq'Jtcaklitul \~>t+ I)Pcni~iII~Hlim mh 2. 3 4. 5 ~ITtr~t ():tcv,- 

~,I<tMch',d~, I m:dqm~,.c: I ~(" NMR Spcktrcu \t+N 2 I"o]\ 

>:eto\\alk', hhia,,ulidm ~ c;trl+t>n-.,iiuredcri',atcn..lu..tu. I ic 

big,. :\nn:.dcn dot ('heroic 7,17:7I)I 707. 1979 

Verhhtdun~cn au,./tlCkCl'iI. Ill Suh-.lituh-tc lhi:.izulh.lme durch 

l{cakti,.+n ' ,on 1. ( ',',loin roll 3,ll,lltt,,ttcchciridcn .hiMtix l . iuNg,  
.\lln ( 'hcln 7 qE:(+~S-7s 1070. 

4. l )he ; /U+L ./e,'.",, 't. r .L 77,'*uir b" m.7 L~i:>i~ K.: N'l~>clili- 
cation tit the inhihit<>rx tr icots u l  ('('1< <)11 f>h<~spholi?id Zllltl 
pr~)lu.in bJi~s)nthc,,i,, b'+ plt>,tac,,clin Bit+chcni Pharu~uc~d 
4 0 : 1 4 7 7 - 1 4 8 3 .  I c;,91i. 

5 (M./:v~UcJ/, /. k'+d:+i~ I'<':+'U~ 31. k'+!i:+i~ .1 ..U k',d:,ix J/.' 

Sbntt~csu rind chi iopti , ,chc t{ igcn>chultcn \un N Avct, , l -2- 

:u}]-.4 lhia/<d]dincaII',ou-,~hHcn. ,lu-,m,, I h.'l',is., ",nn ('hem 
7",fl:U27 ' )~! .  It)<x7 

fl I'M6r<,~U~7/. Z. g.'+(jtov 3.I r A</i:",-/ '~':cU,. '~I. l )ar , tcl l tnn.g 

tll]t[ ('h[tF;LkleFi',it'l'tIll~ \tim diastctci>l]h:lu ' i i  ! 4 5 ) - 3 - a c c t ' , l  

? +u,,l ~.5 dimcth,+I : lhi~ti~+tidh]c;nbt+tl,,+iurcn .ht,,tu,, I icl-,iu,, 

/\1111 ( 'hcIII  2 g l  2(+0. 1 9 9 0  

7 t h m U + / 1 :  V.stinlatim] nt u]3cogur]  i]i <,mall al t l t i tmt ' ,  tiJ ti , ,- ,uc 

\ua] Bi~, .hc iu  l J ;25~'~ 2G.",. IbflS. 

S. .\~r 1171 (;o,m 1~.1111 Z~':~: RI +~:,'U )i1:~m I'U.. Plt~dttI~-. 

~++ I c', ',lc'h]c :t'., l ] : u r  pl++t~:cfixc a~ctit ' , .  2CRSJ>-\luth\  Itlli:t/t> 

[idiuc 4{P,I uathox,,li,.' :reid.. kttOlll ,..'\,,tCillC ,I ,",,led ('hcJn 

2":,: 1~9. 19] <) 
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