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Abstract-The cytoprotective effects of propylthiouracil (PTU) were studied in rats treated with the 
hepatotoxin n-galactosamine (D-GNHJ. Five days of PTU pretreatment prior to D-GNH2 caused 
hypothyroidism and a significant reduction in liver injury as assessed by serum transaminase levels. 
When PTU was administered as a single dose with D-GNH,, signiticant decreases in transaminase also 
occurred at times when thyroid function was unchanged. Furthermore, aminopyrine oxidation showed 
significant impairment after a-GNH2 and was normalized by one dose of PTU. Further studies were 
carried out in thyroidectomized rats. PTU caused significant reductions in transaminase levels when 
given for 5 days pretreatment or as a single dose. Animals receiving pretreatment with PTU plus 
thyroxine (T4) also had significant decreases in serum transaminase. The antithyroid drug methimazole 
also had a hepatoprotective effect, while two other potent antithyroid compounds (2-thiouracil and 2- 
thiobarbituric acid) did not. These data suggest that PTU can protect against liver injury induced by V- 
GNHZ, that the effect is independent of thyroid function. and that this effect is not common to all thiol- 
containing antithyroid drugs. 

The antithyroid drug propylthiouracii (PTU) has 
been shown to protect against the development of 
toxic liver injury caused by ethanol [l, 21, carbon 
tetrachloride [3], and acetaminophen [4-61. Because 
the hyperthyroid state increases and the hypothyroid 
state decreases the severity of hepatocellular dys- 
function in several experimental systems [7-141, it 
has been postulated that the cytoprotective effects 
of PTU are secondary to hypothyroidism induced by 
this antithyroid drug [l, 2,4,X5]. Recently, however, 
it has also been suggested that the antihepatotox~c 
activity of PTU may be independent of its effect on 
the thyroid [5]. In studies of acetaminophen toxicity, 
for example, Yamada et af. [S] demonstrated that 
PTU forms nontoxic complexes with potentially toxic 
acetaminophen metabolites, thereby preventing 
covalent binding of acetaminophen to liver macro- 
molecules. Studies in humans have suggested a pos- 
sible beneficial effect of PTU in alcoholic liver dis- 
ease [16]. but more recent observations have not 
confirmed the protective effects of PTU either in 
alcoholic hepatitis in man [17] or in experimental 
murine hepatitis [18]. 

The present studies were conducted to further 
define the actions of PTU in experimental liver injury 
and to examine in detail the relationship between 
its capacity to protect the liver and its antithyroid 
activity. In addition, structure-activity studies of 
various PTU analogues were performed to define 
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which parts of the PTU molecule were essential for 
a protective effect. D-Galactosamine (DGNH~), a 
potent and selective hepatotoxin [19-211, was util- 
ized in these studies as an agent known to cause 
severe, but reversible, hepatic damage. 

MATERIALS AND METHODS 

Reagents 

L-Thyroxine, D-GNH2, I-methyl-2-mercaptoimi- 
dazole (methimazole), 2-thiobarbituric acid (Zthio- 
4,6-dihydrox~yrimidine), 2-thio-6-propyluracil 
(PTU), and 2-thiouracil were obtained from the 
Sigma Chemical Co. (St. Louis, MO). Propyluracil 
and S-methyl-6-propylthiouracil were synthesized 
according to the method of Lindsay et al. [22]. All 
antithyroid drugs and derivatives were dissolved in 
1 N NaOH, and the pH was adjusted to 9.0 with 
1 N HCl. 4-Dimethyl[‘4C]aminopyrine (sp. act. = 
114 mCi,/mmole) was obtained from the Amersham 
Corp., Arlington Heights, IL. 

Animals 

Intact and surgically thyroidectomized female Wis- 
tar rats weighing 180-200 g were purchased from the 
Charles River Breeding Laboratories (Wilmington, 
MA). Conditions of animal maintenance were simi- 
lar to those reported previously [23]. Tap water and 
a standard rat food (Purina rodent laboratory chow 
No. 5001) were provided ad lib. Animals were fasted 
overnight prior to the administration of D-GNHz. 
Serum and hepatic tissue were obtained after anes- 
thesia with ether and exsanguination via the aorta. 
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Experimental studies 

I;lxl.‘eriment I. This study was performed to assess 
whether PTU was capable of modifying D-GNHz- 
induced hepatic injury, using standard PTU (SO mg/ 
kg. i.p.) [ 1, 31, and U-GNH2 (500 m$kg, i.p.) doses. 
Rats were divided into the following groups con- 
taining fifteen to thirty animals each: Group 1, no 
treatment: Group 2, treatment with PTU (SO mg/kg, 
i.p.) daily for 10 days; Group 3, D-GNH? (500 mgikg, 
i.p.) as a single dose on day 0; Group 4, pretreatment 
with PTU daily for 5 days (days -4 to Oj, followed 
by a single dose of D-GNH~ on day 0, with daily PTU 
until sacrifice. Five days of PTU has been shown 
pre>;iously to be a sufficient time to induce hypo- 
thyroidism [24]. Group 5. single dose of PTU plus a 
single dose of D-GNH, on day 0 (administered 1 min 
apart); and Group 6, D-GNH2 on day 0, followed by 
single doses of PTU 4, 8, or 12 hr after r>-GNH2. 

Twenty-four, 48, 72 and 96 hr after a-GNHz, six 
to eight animals from Groups 1 through 5 were killed. 
Group 6 animals were autopsied at only one time, 
24 hr after D-GNH2. One hour prior to autopsy, 
animals were injected with 20 &i ~3H]thymidine (sp. 
act. 6 ,uCi/mmole, New England Nuclear Corp.) via 
tail vein for subsequent [“H]DNA analysis as an 
index of hepatic repair. The functional status of the 
livers from three to four additional animals in Groups 
1, 3 and 5 was assessed by measuring aminopyrine 
oxidation. Twenty-four hours after D-GNH~ 
(Group 3) or D-GNHZ plus PTU (Group 5). 0.25 uCi 
of labeled aminopyrine and 9 m$kg of carrier amino- 
pyrine were injected i.p. Immediately following the 
injection, each rat was placed in a breath collection 
chamber, and the “%ZOZ was collected as previously 
described [25]. 

Hepatic histology was assessed after 10 days in 
Group 2 animals and 24 hr after D-GNH, in animals 
in Groups 3 and 5. Portions of liver were removed, 
fixed immediatety in 10% buffered formalin, and 
submitted for histologic analysis to Metpath Lab- 
oratories (Teterboro, NJ). Sections were embedded 
in paraffin, stained with hematoxylin and eosin. and 
analyzed in a blinded manner by a certified veterinary 
pathologist. 

Experiment II. This experiment was performed to 
investigate whether PTU wouid protect against D- 
GNHz-induced liver injury in rats made hypothyroid 
independent of PTU treatment, and in hypothyroid 
rats given replacement doses of L-thyroxine. PTU 
and L>-GNH~ doses were 50m$kg and 5OOm~kg. 
respectively, as in Experiment I. Two weeks after 
surgical thyroidectomy, rats were divided into the 
following groups (N = 28-32): Group 1. no treat- 
ment; Group 2, D-GNH? as a single dose on day 0; 
Group 3. pretreatment with PTU for 5 days (days 
-4 to 0), followed by a single dose of r>-GNH2 on 
day 0 with daily PTU until sacrifice; Group 4, single 
dose of PTU plus single dose of D-GNHZ on day 0 
(administered 1 min apart); and Group 5. pre- 
treatment with PTU plus L-thyroxine, lO/lgikg i.p., 
daily for 5 days (days -4 to 0). followed by D-GNI-12 
on day 0. 

Animals in Groups l-3 were autopsied at 24, 48, 
72. and 96 hr after D-GNH:, following pretreatment 
with [~~i]thymidine as in Experiment I. Animals in 
Groups 4 and 5 were autopsied at 24 hr only. 

Experiment III. This study was performed to assess 
structure-activity relationships of various PTU ana- 
logues. Rats were divided into the following groups: 
Group 1 (N = 50): D-GNH2 alone (ten to twelve rats 
per experiment for five experiments): and Groups 
2-6 (N = 14), D-GNI-12 plus one of the following: S- 
methyl-6-propylthiouracii, methimazole. propylura- 
cil, 2-thiobarbituric acid. or Z-thioura~i~ admin- 
istered 1 hr later. Doses of drugs were equimolar 
with SO mg/‘kg of PTU (i.e. 0.29 mmole/kg). 

Animals were autopsied 24 hr after D-GNf-& 
administration. 

Assays 

Serum thyroxine (T4) and thyrotropin (TSH) were 
used to assess thyroid function and were measured 
by previously described radioimmunassays [23, 261. 
[3H]Thymidine incorporation into liver DNA was 
measured by a previously described technique [27]. 
Serum glutamine oxalacetic transaminase (SGOT) 
was used to measure liver damage and was assayed 
spectrophotometrica~~~ using IO @ of serum. Studies 
were performed in whxh PTU was added directly to 
sera with elevated SGOT (lOOO_2OOOI.U.). No 
effect on SGOT was seen even at a PTU con- 
centration of ZSO,ug/ml, which is lo- to lOOO-fold 
higher than would be seen in uiuo [ZS]. 

Statistics 

Data were expressed as mean i: S.E. The linearity 
and correlation of data were assessed using the 
method of least squares. Multiple comparisons 
between the means of control and treatment groups 
were made by Tukey’s ~~holly-significant-difference 
procedure 1291. 

RESULTS 

Experiment I (Fig. 1) 

Control SGOT values were 240 t 20 I.U.; 10 days 
of PTU treatment had no effect on serum SGOT. 
A single dose of 500 mg/kg D-GNH? caused severe 
hepatocellular damage, with peak SGOT levels of 

Time (hours) after D-GNH, 

Fig. 1. SGOT levels after n-GNH2 in intact animals receiv- 
ing D-GNHZ alone (u). D-GNHZ after 5 days of PTU 
pretreatment (A-A). or D-GNH2 and PTU simul- 
taneously (m-m). Key: (“1 P < 0.02 compared to D-GNH2 
alone. Seven to eight animalswere used for each data point. 
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Fig. 2. [3H]Thymidine incorporation into DNA in intact 
animals receiving D-GNH, (M), DGNH~ after 5 days of 
PTU pretreatment (A-A), or D-GNH~ and PTU sim- 
ultaneously (m-m). Key: (*) P < 0.02 compared to D- 
GNH? alone. Seven to eight animals were used for each 

data point. 

2037 + 442 I.U. 24 hr after injection (P < 0.001 com- 
pared to control). In contrast, PTU pretreatment for 
5 days prior to D-GNH2 sharply reduced peak SGOT 
levels to 875 ? 172 I.U. (P < 0.02 compared to D- 
GNH2 alone). A similar protective effect on hepatic 

Table 1. Effects of D-GNH, and PTU on [“C]aminopyrine 
oxidation in vim 

Cumulative rlCOz 
Treatment N* radioactivity+ (%) 

None 4 16.8 5 1.1 
D-GNH,: 3 11.3 5 2.85 
PTU 3 17.7 2 1.1 
o-GNH2 + PTU 3 18.6 i 1.x 

* Number of animals used. 
t YOz was measured 1 hr after [‘Claminopyrine 

administration. 
$ D-GNH, was administered 24 hr prior to testing. 
$ P < 0.001 compared to control. 

injury was noted when PTU was administered sim- 
ultaneously with D-GNH2, with a peak SGOT value 
of 975 ? 393 I.U. (P < 0.01 vs D-GNH2 alone). Fur- 
thermore, a protective effect was also observed in 
animals that received PTU, 4, 8, or 12 hr after D- 
GNHz, with serum SGOT measured 24 hr after D- 

GNHz of 1128 2 421, 408 + 68, and 631 2 661.U. 
respectiveIy (P = NS for 4 hr, P -C 0.01 for the 8- and 
12-hr time points). Hepatic repair, assessed by [“HI 
thymidine incorporation into DNA, followed the 
time course of hepatocellular injury (Fig. 2). At 
48 hr, hepatic repair was significantly less in the 
groups receiving D-GNH, and PTU simultaneously 
compared to the group receiving D-GNH2 alone 
(160 ? 48 vs 360 ? 80 dpm/Gg DNA, P < 0.02). This 
is consistent with the diminished hepatic injury 
observed in the PTU-treated animals (Fig. 1). 

Fig. 3. Section of liver from a rat 24 hr after D-GNH2 (500 mg/kg) showing severe acute focal hepatic 
necrosis (X 150). 
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Fig. 4. Section of liver from a rat 24 hr after D-GNH2 (500 mgikg) plus PTU (50 mgikg). Hepatic necrosis 
is less severe (X 150). 

The aminopyrine oxidation data are displayed in 
Table 1. Approximately 17% of the aminopyrine was 
oxidized to 14C02 in 1 hr by normal control rats 
(Group 1). This is similar to what we have observed 
previously in mice [25]. Pretreatment of the rats with 
D-GNH2 (Group 3) reduced aminopyrine oxidation 
significantly (P < O.OOl), while pretreatment with 
PTU had no effect. The’inhibitory effect of D-GNH, 
on aminopyrine oxidation was prevented compieteiy 
by the co-administration of PTU (Group 5). 

Histologic examination was performed on livers 
from animals in Group 2 (PTU only), Group 3 (D- 
GNHZ alone), and Group 5 (D-GNH2 plus single- 
dose PTU). Animals exposed to D-GNH2 alone had 
severe acute focal hepatic necrosis (Fig. 3), while 
animals given D-GNH2 plus PTU had less severe 
damage (Fig. 4), consistent with the SGOT data. 

Sections of liver from animals given only PTU were 
normal (data not shown). 

The effects of PTU on thyroid function are shown 
in Table 2. Control serum T4 and TSH concentrations 
were 5.3 If: 0.3 &dl and 1.7 ? 0.6 ng/ml respective- 
ly. Values were unaffected by D-GNH2 admin- 
istration alone (Group 3). In Group 4 animals. pre- 
treated with PTU for 5 days, Tj levels were 
sjgni~cantly lower and TSH was signi~~antly higher 
at 48, 72, and Y6 hr after u-GNH2, indicating that 
PTU exerted an antithyroid effect within 7 days of 
treatment. Group 5 animals, which received only 
one dose of PTU, had a transient decrease in T, 
(1.9 -+ 1.01.lddl,P<O.O2),withoutachangeinTSH, 
only at 72 hr post-injection of PTU; by 96 hr post- 
injection, T4 had returned to normal values 
(5.6 t 0.7 &dl). Group 6 animals were killed only 

Table 2. Serum thyroxine (T,) and Thyrotropin (TSH) in rats treated with D-GNHZ with and without P’I‘U 

T4 W4 TSH (q/ml) 
24 hr 48 hr 72 hr 96 hr 24 hr 4X hr 72 hr 96 hr 

Control 5.3 + 0.3 4.6 z!z 0.6 5.3 ? 1.0 5.0 -t 0.7 1.7 t 0.6 0.9 r+ 0.1 i .4 2 0.2 1 .3 rt 0.3 
D-GNHz 3.7 t 1.5 3.1 i- 0.7 5.3 t 2.3 6.1 t 0.9 1.6 * 0.5 I.0 t 0.3 (1.9 c 0.2 1.3 + 0.2 
Daily PTU 2.6 2 1.2 1.5 rt 0.5* 1.8 i l.O+ 1.S f 0.7$ 3.6 2 2.8 5.0 t 1.9: 6.1 2 0.X$ 7.h -ti 1.51: 
+ D-GNH2 
PTU x 1 dose 6.0 2 1.5 3.9 rt 0.7 1.9 + 1.0t 5.6 t 0.7 1.2 r 0.6 1.9 t 1.X 1.3 t 0.4 I.3 c (1.3 
+ D-GNH, 

* P < 0.01 vs D-GNH~ only. 
t P < 0.02 vs D-GNH2 only. 
$ P < 0.001 vs mGNH2 only. 
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Fig. 5. SGOT levels after D-GNH, in thyroide~omized 
animals receiving D-GNHz alone (M), D-GNHz after 5 
days of PTW pretreatment (A-A), or D-GNH, and PTU 
simultaneously (m4). Key: (*) P ~0.02 and (**) 
P < 0.01 compared to D-GNH2 alone. Seven to eight ani- 

mals were used for each data point. 

at 24 hr post D-GNH2. Thyroid function at the time 
of sacrifice was normal in all animals. 

Experiment II (thyroidectomized rats) 

Mean basal T4 values for these th~oidectomized 
rats were 0.6 + 0.1 @g/d1 with TSH levels of 
13.2 2 0.6 n~ml, reflecting their hypothyroid state. 
No further changes in thyroid function were noted 
with D-GNHZ or D-GNH2 plus PTU. In animals 
receiving T4 plus PTU, serum T4 was 6.2 * 0.5 clgidl 
with TSH levels of 4.0 2 1.2 rig/ml, consistent with a 
return toward the euthyroid state with T4 treatment. 

Data for D-GNH? administration are shown in 
Fig. 5. Control animals had normal SGOT values 
(data not shown). After D-GNH? alone, peak SGOT 
levels were 4945 t 536 I.U. at 24 hr. Significant 

Fig, 6. (3H]Thymidine incorporation into DNA in thy- 
roidectomized animals receiving D-GNH, alone (O---O), 
D-GNH, after 5 days of PTU pretreatment (A-A), or D- 
GNH2 and PTU simultaneously (W-4). Key: (*) P < 0.05 
and (**) P < 0.01 compared to D-GNH, alone. Seven to 

eight animals were used for each data point. 

E-Thiobarb- 

cl 50 36 14 14 14 14 14 

P - co.01 <o.o, <O.Ol co.01 NS NS 

Fig. 7. Effects of PTU and various analogues (0.29 mmole/ 
kg) on liver injury induced by D-GNH, (500 mg/kg). 

decreases in SGOT were noted when animals were 
pretreated with PTU for 5 days (peak SGOT = 
2247 Z?Z 556I.U., P < 0.02) or when n-GNHz and 
PTU were administered simultaneo~~sly (peak 
SGOT = 1040 ‘- 122 I.U., P < 0.01). The difference 
in peak SGOT levels between the two PTU treatment 
groups was not statistically significant. Animals 
receiving the combination of T4 (10 p$kg) and PTU 
prior to D-GNHZ had peak SGOT levels of 
1448 * 201 I.U. (P < 0.001 compared to U-GNHz 
alone) (data not shown). There was no significant 
difference between SGOT levels in animals receiving 
T4 and PTU compared to animals receiving PTU 
alone. 

In general, hepatic repair was less active in the 
thyroidectomized rats compared to the intact rats in 
Experiment I (Fig. 6). This is consistent with pre- 
vious observations of hepatic regeneration in hypo- 
thyroidism 1301. In contrast to what was seen in intact 
animals, pH]thymidine incorporation into DNA was 
significantly higher in PTU-treated thyroidectomized 
animals at several time points after D-GNH2, despite 
the fact that liver injury was less severe than in the 
thyroidectomized animals receiving D-GNHZ only. 

Experiment III (PTU analogue studies) 

Studies with various PTU analogues are shown in 
Fig. 7. Mean SGOT levels 24 hr after D-GNHZ were 
1535 + 21.5 I.U. Significant decreases in SGOT were 
observed with PTU (50 mgikg) and equimolar doses 
of S-methyl PTU and methimazole. The PTU metab- 
olite propyluracil actually significantly increased Iiver 
injury as assessed by SGOT, while the antithyroid 
compounds 2-thiouracil and 2-thiobarbituric acid had 
no effect on the severity of liver injury. 

DISCUSSION 

It has long been appreciated that the hyperthyroid 
state renders the liver more susceptible to toxic or 
metabolic injury. Studies with chloroform [7], anoxia 
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181, choline deficiency [9, 311, carbon tetrachloride 
[lo], and anesthetic agents (13, 141 all demonstrate 
a worsening of hepatic function when thyroid hor- 
mones are co-administered at the time of liver insult. 
Based on these data, it was hypothesized that the 
induction of hypothyroidism by an antithyroid drug 
might serve to protect the liver against injury. 
Indeed, a number of older reports demonstrated 
that therapy with goitrogenic compounds, such as 
thiouracil and aminothiazole, could modify several 
forms of diet-induced cirrhosis in rats f9, 31-333. 

Recent studies have also shown that treatment 
with the antithyroid drug PTU leads to a significant 
reduction in hepatic injury induced by ethanol [l, 21, 
carbon tetrachloride [3] and acetaminophen [4-61. 
The present study provides functional data which 
document that PTU is also effective in ameliorating 
the liver damage associated with D-GNH~ exposure. 
This is of particular interest since, unlike ethanol, 
carbon tetrachloride, and acetaminophen, D-GNHz 
is possibly not a direct hepatoxin 1191. Recently, 
Mihas et al. have presented data showing that PTU 
pretreatment for 10 days actually increased hepatic 
damage after D-GNHZ, observations which are com- 
pletely contrary to the results of the present study. 
Also. Nadkarni et al. 1351 found no protection by 
PTU in a D-GNH2 plus chronic ethanol rat model. 
At present, we have no explanation for these dis- 
crepancies with the present study. 

The present studies demonstrate that PTU had a 
protective effect on the liver without inducing a 
hypothyroid state. While it is true that a protective 
effect of PTU was noted when animals were rendered 
severely hypothyroid after PTU treatment (i.e. 
Group4, Experiment I), simiiar effects were seen 
even with single doses of PTIJ which caused little or 
no change in thyroid function (i.e. Groups 5 and 6, 
Experiment I). Furthermore, we noted that PTU 
was also active in preventing liver injury in severely 
hypothyroid animals, as well as in thyroidectomized 
animals replaced with exogenous thyroid hormone. 
These data strongly suggest that the ability of PTU 
to protect against D-GNHz-induced liver damage was 
due to a direct hepatic effect. Our observations are 
consistent with the early studies of Bore11 and 
Holmgren 1361, who showed that the antithyroid 
compound methylthiouracil decreased hepatic oxy- 
gen consumption significantly in thyroidectomized 
animals. Subsequent studies, demonstrating dispa- 
rate effects of thyroidectomy and thiouracil treat- 
ment on hepatic protein metabolism 1371, also 
pointed towards a nonthyroidai hepatic effect of 
thiouracil derivatives. 

More recently, data consistent with this hypothesis 
have been obtained in several experimental models 
of liver injury. In the acetaminophen hepatotoxicity 
system, for example, PTU has been shown to render 
a protective effect by forming covalently-linked con- 
jugates with reactive and potentially toxic acet- 
aminophen metabolites [5]. Since PTU is a com- 
petitive inhibitor of GSH for GSH S-transferase 1381, 
increased hepatocellular GSH concentrations may 
be an additional mechanism involved in the pro- 
tective effects of PTU. Furthermore. in studies using 
ethanol, Nadkarni et nf. 1391 demonstrated that PTU 
reversed a generalized decrease in plasma protein 

synthesis induced by ethanol treatment, and Moreno 
et al. [40] have shown that PTU increased the activity 
of the hepatic microsomal ethanol-oxidizing system. 
independent of its thyrostatic effects. Finally, Cook 
et al. have recently shown in oitro that PTU protects 
against thyroid hormone augmented salicylate 
hepatotoxicity, although no effect on salicylate tox- 
icity in the absence of thyroid hormone could be 
demonst~ted (41]. 

The data in the present study do not provide a 
mechanism by which PTU protects against liver 
injury. This question is particularly difficult to answer 
in the D-GNH2 model, since the underlying patho- 
genesis of D-GNH2 hepatotoxicity is complex. There 
is a considerable amount of evidence to suggest that 
D-GNH, administration depletes cells of uridine 
nucleotides, with a concomitant decrease in RNA 
levels and protein synthesis [20]. In oivo and in vitro 
studies demonstrating the reversibility of D-GNU2 
toxicity by uridine are supportive of this view 
120, 42-441. On the other hand, recent work has 
focused on the possibility that D-GNH~~mediated 
liver injury may be reiated to extrahepatrc factors. 
especially the release of endotoxin from gut bacteria 
and activation of the complement system 121, 45). 

Regardless of the mechanism of D-GNH? liver 
injury, the mitigating effects of PTU are not 
explained easily. It is unlikely that PTU directly 
inactivates D-GNH2, since liver injury was pre- 
ventable (or reversible) by PTU injected 12 hr after 
D-GNH? was administered. Previous studies have 
shown that hepatocellular changes occur within 2- 
4 hr of D-GNH2 administration [4648]. Although 
thiouracil is not directly incorporated into RNA in 
oiuo or in uifro [49], it is possible that PTU is desul- 
furated to a uridine derivative which could then 
counteract the D-GNH~-induced depletion of uridine 
nucleotides noted above. This. too, is unlikely since 
thiouracil conversion to uracil does not occur in rat 
liver 1491. Another possibility is that PTU acts either 
by serving as a source of necessary nonprotein sulfhy- 
dry1 groups or by preserving intracellular GSH con- 
centrations. Finally, since an increase in intracellular 
calcium has been observed in several models of 
experimental hepatic necrosis, including D-GNH? 
[SO], it is also possible that PTU has effects on 
calcium transport into hepatocytes. 

Structure-activity studies were undertaken in 
order to localize the site on the PTU molecule 
responsible for its protective effects. A free or 
unstable sul~ydryl group (as in PTU. S-methyl PTU. 
and l-methyl-mercaptoimidazole) is necessary for 
activity. since propyluracil, which lacks an -SW 
group, was obviously ineffective at the dose that was 
utilized. However, a sulfhydryl is not sufficient. as 2- 
thiouracil and Z-thiobarbituric acid were also without 
effect at the dose that was employed, possibly due 
to the absence of the lipophilic propyl group. Sur- 
prisingly, S-methyl+PTU was quite effective in our 
system, even though this compound lacks a free thiol 
group. It is likely that S-methyl-6-PTU is de- 
methylated in uivo to form PTU 1511. Recently, two 
other thiol-containing compounds, S-adenosyl- 
methionine [52] and ~,~-dithio-dicapronic acid 1531 
have also been reported to protect against D-GNHz 
liver injury. 
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In summary, PTU reduced the degree of liver 
injury associated with D-GNH2 administration. This 
effect is probably mediated at the level of the liver, 
with the sulfhydryl group and the propyl group both 
being important for activity. Future studies will be 
necessary to elucidate the precise mechanism by 
which PTU exerts its protective effects. 
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