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Abstract-Male mice fasted overnight had only about half the hepatic reduced glutathione (GSH) 
concentration of fed mice. In contrast, fasted male hamsters had 68 per cent higher hepatic GSH levels 
than controls. No strong correlation of hepatic GSH concentration with body weight was found in either 
species. Single doses of 0.5% (w/v) methyl~eilulose (I~ml/kg, i.p.) decreased the hepatic GSH con- 
centration l&36 per cent in mice and hamsters. Multiple oral doses of 0.5% (w/v) meth~l~ellulose 
(IO ml/kg once per day For 4 days) caused an initial doubting of the GSH level after two doses in 
hamsters, but after four doses the GSH level returned to normal, Chronic (60-day) oral admjn~stration 
of 0.5% (w/v) sodium ~arboxymethyl~ellulose (10 ml/kg twice daily) to hamsters caused a time-dependent 
depression of hepatic GSH concentration and a &fold increase in hepatic aniline hydroxylase activity 
after 4.5 days. No changes in the activities of aminopyrine N-demethylase and hexobarbital oxidase 
were found. It was concluded that hepatic glutathione levels in mice and hamsters are volatile and 
respond to relatively innocuous physiological (fasting, time of day) and pharmacological (methylcel- 
lulose, carboxymethylcellulose) stimuli. 

The role of glutathione in protecting the liver from 
toxicity induced by acetaminophen has been studied 
extensively in several species [l--4]. Acet~i~ophen 
in high doses has been shown to cause 70-80 per 
cent depletion of GSHt from Ever prior to inducing 
cellular necrosis. It has been suggested that a reactive 
metabolic intermediate of acetaminophen cambines 
with liver GSH. When the GSH concentration is 
sufficiently reduced, the intermediate binds cova- 
lently to liver macromolecules and causes cell death. 
A similar mechanism is involved in liver toxicity 
due to other compounds, including bromobenzene 
[SJ, phenacetin [6,7], trichloroethylene [S], and 
1,ldichloroethylene [9]. 

In the course of experiments on the, effects of 
various substances on hepatic GSH levels in mice 
and hamsters, the influence of fasting, body weight, 
and dosing with two suspen~ng agents commonly 
used in Pharrna~oIogi~a~ studies has been deter- 
mined. Methy~cellu~ose was administered intraper- 
itoneally in acute studies in both species and orally 
in a subacute (9-day) study in hamsters. Sodium 
carboxymethylcellulose was administered orally in 
a chronic (60-day) study in hamsters. Results from 
these experiments show differences between mice 
and hamsters, with respect to effects of fasting on 
hepatic GSH concentrations, and demonstrate mod- 
erate changes in hepatic GSH levels under certain 

* Send all wrrespondence to: Robert R. Brooks, Ph.D., 
Norwicb-Eaton Pha~a~euticals, P.U. Box 191, Norwich, 
NY 13815, U.S.A. 

t Abbreviation: GSH, reduced glutathione. 

conditions of administration of methylcellulose and 
~rbo~methylcellulose. 

C~g~~~~~~. Reduced gtutathione was obtained 
from the Nutritional Biochemicals Corp. (Cleveland, 
OH), o&o-phthalicdicarboxaldehyde (orrho- 
phthalaldehyde) from the Aldrich Chemical Co. 
(Milwaukee, WI), spectral grade methanol from 
Matheson, Coleman & Bell (Norwood, OH), meth- 
ylcellulose (M&ace! 4OOOcps) from the Dow 
Chemical Co. (Williamsville Center, NY), and 
sodium carboxymethylcellulose, Type 78MSF, from 
Hercules Powder {Wilmington, DE). Other chemi- 
cals were of reagent grade. 

A~~~~. Outbred male mice [TAC: (SW)Fbr] 
were purchased from Taconic Farms, Germanto~, 
NY, and maintained in wire-mesh cages 
(36 x 19 x 17.5cm high) with free access to food 
(Purina Formulab Chow, Ralston-Purina Co., Rich- 
mond, IN) and water. Outbred male Golden Syrian 
hamsters [Lak: LVG(Syr)], 90-100 g, were pur- 
chased from Charles River Lakeview, Wilmington, 
MA. For acute and subacute (9-day) experiments, 
the animals were housed four per cage in open plastic 
boxes (48 x 26 x 16 cm deep) with free access to 
food and water as above. For the chronic (60-day) 
study, hamsters were housed individually in wire- 
mesh cages as described for mice. AlI animals were 
kept at 21” under a lights-on schedule from 65% a.m. 
to 6:oO p-m_ 

~r~at~e~~ of a~~~a~s~ Unless otherwise specified, 
the animals were killed and the liver segments were 
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removed between X:00 a.m. and IO:00 a.m. In acute 
experiments. animals were either not treated or 
received 0.5% (wiv) methylcellul~~se~ IO mlikg. i.p.. 
90min prior to being killed by cervical dislocation 
(mice) or by stunning and decapitation (hamsters). 
In the subacute experiment. hamsters received meth- 
ylcellulose (IOmlikg) by gavape via a soft rubber 
stomach tube once daily in the morning for 9 days. 
Groups of seven animals each were killed 24 hr after 
doses 2. 3; 7 and 9. In the chronic (<%)-day) study, 
hamsters were dosed orally each day at 7:00 a.m. 
and 3:OUp.m. with 0.5% (w/v) sodmm carboxy- 
methylcellulose (10 ml/kg per dose). No dosing was 
done on the day an animal was killed. Groups of 
seven animals were killed on days 15,30 and 45. On 
day 60, eleven remaining animals were killed. 

~f~~u~~~~~~~ ussr+~. GSH was assayed in liver hom- 
ogenates by the procedure of Hissin and Hilf [lo]. 
GSH forms a fluorescent adduct with oriho-phthal- 
aldehyde at pH 8.0. Assays were generally per- 
formed on fresh samples immediately after the 
animals were killed, but it was found that storage 
for at least 5 days at -20” did not decrease GSH 
levels. Liver segments weighing approximately 
250 mg were minced with a scalpel. For every 250 mg, 
3.75 ml of 0.1 mM sodium phosphate-5 mM EDTA 
buffer (pH 8.0 at 22”) and i ml of 25”; (w/v!) meta- 
phosphoric acid were added. The tissue was hom- 
ogenized with three i-set applications of a Polytron 
homogenizer, using a PT 10 ST probe generator 
(~rinkman Instruments. New York. NY). Entire 
homogenates were transferred to chilled, X.X-ml 
polycarbonate centrifuge bottles (catalog No. 
338574, Beckman Instruments. Wakefield. MA) and 
centrifuged for 30 min at 100,000 ‘q (40,000 rpm, 
Beckman Type 50Ti rotor). Supernatant fluids were 
diluted 1 ml to IO ml with buffer, and 0.1 ml of each 
of the resulting dilutions was transferred to another 
glass tube. To each tube 1 .X ml of buffer was added, 
followed by 0.1 ml of artho-phthalaldehyde (1 mgiml 
in methanol). Fluorescence was read IS min later at 
42Onm with excitation at 35Onm using a model 
A~i~~spectrophotofluor(~met~r (Aminco-~o~vman, 
Silver Spring, MD). For each assay a standard curve 
with authentic GSH (0.4 to 2 ;ig) was constructed. 

Assqvf of clrcrg-lnetnboliziizg et~q~mes (chronic 
study). Six livers. at each interval during the GO-day 
study, were combined into three samples of two 
livers each. washed with ice-cold l.Sri (w/v) KCI- 
20 mM Tris-HCI buffer (pH 7,4 at 22). and minced 
with iris scissors. Each minced liver sample was 
homogenized with 4 vol. (ml/g) of buffer in a glass 
Potter-Elvehjem h~~~no~enizer for 30 see and then 
centrifuged at 9OOOg for 20 min (8600 rpm, Sorvall 
SS-34 rotor). One ml of the supernatant fluid, equiv- 
alent to 200mg of liver (wet weight). was used in 
each incubation flask for the determination of aniline 
hydroxylase, ami~lopyrine ~-d~nletllylase. or hexo- 
barbital oxidase activity according to the procedures 
described by Maze1 11 I] with minor modifications. 
The cofactor mixture consisted of NADP 
(0.65 ,umole). glucose-o-phosphate (IO Enmoles). nic- 
otinamide (50,umoles), and MgCI? (25 bcmoles) in 
3.0 ml of 0.1 M potassium phosphate buffer (pH 7.4 
at 22’). Two ml of the cofactor mixture was used in 
each incubation mixture for the assay of aniline 

hydroxylase and 3 ml was used for assay of the other 
two enzymes. The cofactor mixture used for the 
determ~nati~~n of aminopyrine ~-dem~th?/l~~sc con- 
tained, in addition, semic~irbazide (45 jtmolesi3 ml). 
In the hexobarbital oxidase determination. the hcx- 
obarbital concentration was 0.75 mgiml. 

Treatment of data. Standard curves for the GSH 
assay and for the enzyme assays were titted with 
straight lines by the method of least squares. GSH 
concentrations in liver samples, expressed as /lg 
GSHig wet weight of tissue. and enzyme activity, 
expressed as shown in Table 4. were calculated from 
the equations of the standard curves. Group means 
were compared for differences by a two-tailed r-test. 
Plots of hepatic GSH concentration versus body 
weight were fitted with straight lines by the method 
of least squares. and correlations were tested for 
signi~cance according to Snedecor and Cochran 1121, 

RESL’LTS 

Effect offasting and time of killing. Table 1 shows 
the effects of a 17-hr overnight fast on hepatic GSH 
levels in male mice and hamsters. Fasted mice had 
a concentration of GSH 51 per cent lower than 
unfasted controls (1308 vs 2658 {(gig). In contrast. 
fasted hamsters had a 68 per cent higher GSH con- 
centration than unfasted animals (3399~s 2023 &g). 
These differences due to fasting were highly sag- 
nificant. Similar results were found when mice and 
hamsters were dosed int~dperiton~~~lly with 10 ml/kg 
of 0.5% (w/v) methylcellulose 9Omin before being 
killed. Fasted mice and hamsters, both dosed with 
methylcellulose, had -45 and +32 per cent changes, 
respectively, in GSH concentration compared to 
their unfasted, dosed controls. The influence of time 
of day at which the animal was killed on hepatic 
GSH concentration in fasted and unfasted mice was 
further studied. Both groups of mice showed a sig- 
nificant decrease between 8:00 a.m. and 2:00 p.m. 
(17-23 hr of fasting), but fed mice exhibited the more 
dramatic decrease. At II:00 a.m. and 2:(X) p.m. fed 
mice showed -41 and -36 per cent changes, respec- 
tively, from the 8% a.m. values. Fasted mice, which 
started out at 8:OOa.m. with markedly less GSH, 
exhibited only a smail (<IS per cent) further loss 
between 8:OO a.m. and 2:00 p.m. 

To determine whether a stress in addition to brief 
fasting (4.5 hr) could further deplete hepatic GSH 
in mice, animals were subjected to cold stress (4-6”) 
for 2 hr. In the experiment of Table 2, half of each 
groupreceivedO.5~ (w~v)methyfcellulose (10 ml/kg, 
i.p.) at the start of the cold stress period. Rather 
than decreasing hepatic GSH concentration. cold 
stress significantly increased GSH in the undosed 
mice. The methylcellulose-treated animals did not 
show significant differences in hepatic GSH levels 
as a result of cold stress. 

~f~ect.~ of ~~et~ly~cel~i~~ose atzd sodium ccrrboxy- 
met~~ylre~l~~lo.se. The data of Table 1 indicated that 
animals dosed i.p. with methylcellulose had lower 
hepatic GSH concentrations, regardless of the fasting 
state. In fasted and fed mice, methylcellulose had 
decreased GSH 18 and 26 per cent respectively. The 
latter value represents a significant (P < 0.001) 
decrease. In fasted and fed hamsters. GSH concen- 
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trations in tnethylceflulose-treated animals were 36 
and 19per cent lower, respectively, than the cor- 
responding control vaiues. Both these decreases 
were s~gni~cant (P < 0.001). In the cold-stress 
expe~ment (Table 2) in which all the mice, whether 
dosed with methylcellulose or not, had relatively low 
GSH levels, there was no significant lowering attrib- 
utable to methylcellulose. 

In another experiment, hamsters were dosed with 
0.5% (w/v) methylcellulose (10 ml/kg) orally once 
per day for 9 days. Groups of seven hamsters each 
were killed 24 hr after doses 2,4,7 and 9. Kn contrast 
to the decrease seen after a single i.p. dose (Table 
1, fed hamsters), a significant (P < 0.001) increase 
was observed in hepatic GSH concentration after 
two doses (Table 3). In this group the mean GSH 
level was approximately double the usual value of 
2023 @g/g for fed hamsters (Table I). Measurements 
after the other doses showed that hepatic GSH levels 
had returned to normal. Although no undosed con- 
trol group was available in this study (because the 
methylcellulose-dosed hamsters were themselves the 
contra1 group for animals given a compound sus- 
pended in the vehicle), the size of the GSH increase 
seen after two doses supports the idea that this was 
an effect of methylcellulose. 

Carboxymethylcellulose is another frequently 
used suspending agent for oral administration of 
compounds to animals. In light of the above effects 
of methylcellulos~ on hepatic GSH levels, data on 
hamsters dosed with carboxymethylcellulose were 
assembled from an experiment in which these ani- 
mals were the control group. Hamsters were treated 
twice daily with 05% (w/v) carboxymethylcelluiose, 
lOml/kg, p.o., for 60 days. Groups of seven animals 
were killed on days 15, 30 and 45, and a graup of 
11 was killed on day 60. The hepatic GSH concen- 
trations for the 1.5-, 30-, 45 and 60-day treatment 
groups were, respectively, 1530, 1111, 13% and 
2199&g (Table 4). The E-day group had signifi- 
cantly higher hepatic GSH concentration than ani- 
mals dosed longer, but even this GSH level 
(1530 @g/g) was significantly (P < 0.001) depressed 
from the usual figure of 2023,@g (Table I> seen 
with fed hamsters. Although these results suggest 
some depression of hepatic GSH levels, this conclu- 
sion must be held tentatively since no group of 
undosed animals handled in exactly the same manner 
was available in this study. 

In this same experiment, activities of three drug- 
metabolizi~~ enzymes of liver were measured. 
Aminopyrine IV-demethylase and hexobarhital oxi- 
dase did not change systematically over the 60 days. 
Aniline hydroxytase was s~gni~cantly (P < 0.01) 
elevated by a factor of 4 at days 45 and 60 as com- 
pared to day 15 (Table 4). Whether this was due to 
carboxymethylcellulose is uncertain in the absence 
of an undosed group of hamsters. 

Effects of body weight. Since weights of mice and 
hamsters used in these experiments varied somewhat 
(see Tables l-4), the possible effect of this variable 
on hepatic GSH concentration was assessed by fitting 
least squares linear regression lines to plots of GSH 
versus body weight. For mice segregated according 
to fasting state, time of being killed, and methyl- 
cellulose treatment, only one of eight regressions 
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Table 2. Effects of cold stress and methylcellulose on hepatic GSH concentration in mice’ 

Stressed Not strehscd 
Treatment el’fect on GSH 

(V change) 
Dose of 0.5% (w/v) 
methylcellulose. i.p. Body wt GSH Body n’t GSH 

(ml/kg) (g) @g/g) (g) Wg) Strchs Dosing 

0 19 ? 0.4 1642 t 155 17 -t 0.7 1102 t 137 +49t -25 (stressed) 
10 19 + 0.2 1238 * 104 I9 2 0.8 131’) 2 55.6 -6 +20 (not stressed) 

* Twenty-eight male mice were fasted from 8:30 a.m. At 1:OO p.m. fourteen mice received O.SCi (w/v) 
methylcellulose, 10 ml/kg. i.p. Half of each group was placed at 4-6” for 2 hr. At 3:00 p.m. all mice were 
killed. Body weights were determined at 8:30 a.m. Values are means i- S.E. (seven mice/group). 

t Significant, P < 0.05. 

was significant (P < 0.01). Results for this group, 
which was fasted, dosed, and killed in the morning, 
showed an increase of 23 pgig in hepatic GSH con- 
centration with a gram increase in body weight 
between 15 and 45 g (Fig. 1). For hamsters, only one 
of four groups exhibited a significant (P < 0.01) cor- 

Table 3. Effect of subacute oral administration of meth- 
ylcellulose on hepatic GSH concentration in hamsters* 

Number of 
daily doses 

GSH 

@g/g) 

2 4333 IL 1871- 
4 2216 + IO9 
7 1898 2 109 
9 1916 t I72 

* Male hamsters (99 + 0.86 g) were given daily oral doses. 
10 ml/kg, of 0.5% (w/v) methylcellulose. Groups of seven 
were killed between 8:00 and 9:OOa.m. 24 hr after the 
indicated number of doses. Values are means + S.E. 

t Significantly higher than other values. P < 0.001. 

Body weight, G 

Fig. 1. Correlation of body weight and hepatic GSH in 
male mice. Mice were fasted 14-16 hr before administration 
of lOml/kg. i.p., of 0.5% (w/v) methylcellulose between 
8:00 and 1O:OO a.m. Upon killing the animals 90 min after 
dosing. livers were removed for GSH determination as 
described in Materials and Methods. Data are means with 
S.E. bars for the number of mice shown next to the points 
(126 total). The least squares regression line. GSH = 

22.8 x body weight + 586 (r = 0.356). is drawn. 

Table 4. Effects of chronic oral administration of sodium carboxymethylcellulose to hamsters on GSH concentration and 
drug-metabolizing enzyme activities of liver* 

Enzyme activity 

Days Number Mean body Mean liver GSH Aminopyrinc Aniline Hexobarbital 
treated of animals wt (8) wt (g) (1cg/g) N-demcthylasc hydroxylase oxidasc 

15 7 107 + 2.46 4.60 + 0.281 1530 ? 7X.6 3.66 t 0.0x 76.4 + 17.2 NDt 
30 7 118 t 2.34 4.93 2 0.237 1111 ? 25.1$ 2.98 * 0.1x 25.6 -+ 31.6 22’) + 20.X 
45 7 123 ?X 3.10 4.93 2 0.208 1395 t 86.9 2.00 + 0.71 411 ir 45.1$ 11x + 75.0 
60 11 I38 2 3.22 5.43 + 0.271 1199 2 54.0$ 2.73 + 0.24 373 + 10.2$ I75 + 67. I 

* Male hamsters (initial mean body weight = 99 g) were given oral doses of 0.5% (w/v) sodium carboxymethylcellulose 
(10 ml/kg per dose) twice daily at 7:00 a.m. and 2:OU p.m. for 60 days or until hilled. Hepatic GSH and enzyme activities 
were determined as described in Materials and Methods. Values arc means -t S.E. for either the number of animals 
shown (GSH) or for determinations on three homogenates of two livers each (enzyme activities) as described in Materials 
and Methods. Enzyme activities are expressed as follows: aminopyrine N-demethylase = {tmoles HCHOig per 30 min; 
aniline hydroxylase = nmolesp-aminophenolig per 20 min; and hexobarbiral oxidase = nmoles hcxobarbital!g per 30 min. 

t Not determined. 
f Significantly different from day 15 value, P < 0.001. 
§ Significantly different from day 15 value. P < 0.01. 
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Body weight, G 

Fig. 2. Correlation of body weight and hepatic GSH con- 
centration in male hamsters. Hamsters were neither fasted 
nor dosed with methylceliulose before being killed 
(between 8:00 and 10:OOa.m.). Livers were removed for 
GSH determination as described in Materials and Methods. 
Results from thirty-nioe individual hamsters are shown. 
The least squares regression line, GSH = -7.67 x body 

weight + 3070 (r = -0.417), is shown. 

relation. These hamsters were neither fasted nor 
dosed and, in contrast to the results with mice (Fig. 
l), showed a slight 7.67@g decrease in hepatic 
GSH level with a gram increase in body weight 
between 99 and 178g (Fig. 2). 

DISCUSSION 

It is known that hepatic GSH concentration under- 
goes diurnal variation in rats [4,9] and mice 1133, 
Jaeger et al. [9] found that fed rats show a m~imum 
hepatic GSH level between 7:00 a.m. and 1:00 p.m., 
with a minimum between 7:OOp.m. and l:OOa.m., 
and a similar pattern for mice was reported by Beck 
et al. 1131. Fasted rats exhibited a diurnal variation 
with decreased magnitude. Maruyama etal. [ 141 have 
shown that fasting causes significant reduction in 
hepatic GSH of rats. Results presented here support 
these findings on diurnal variation of hepatic GSH 
for mice. 

The effect of fasting on hamsters was to increase 
morning levels of hepatic GSH. This is the opposite 
of what is seen in mice (this study) and rats [14]. 
This difference may be related to the differences in 
level and timing of nocturnal activity, including feed- 
ing, in hamsters as compared to rats and mice. 

Beck and Linkenheimer 1151 reported that expo- 
sure of male mice to cold (5 hr at 5-10”) decreased 
hepatic GSH to about half the control value. A later 
report [13] questioned whether the observed 
decrease was an effect of cold stress or reflected 
diurnal variation, since control mice were not killed 
at the same time as stressed mice. Results in Table 
2 show no signific~t decrease in hepatic GSH of 
mice stressed for 2 hr at 4-6” when compared with 
control mice killed at the same time of day. In fact, 
in mice not treated with methylcellulose a brief cold 
stress increased hepatic GSH concentration by 49 per 
cent. The mechanism for this increase and its sup- 
pression by methylcelluiose is unknown. 

Davis et al. [Z] have reported that hamsters are 

more susceptible than mice to the hepatotoxic effects 
of intraperitoneally administered acetaminophen. 
Cellular necrosis was correlated with depletion of 
GSH from liver. In view of the di~erent relative 
morning levels of GSH-low in fed hamsters, high 
in fed mice-it may be that acetaminophen sensitivity 
was less a reflection of intrinsic species differences 
than of time of sampling. 

Effects of methylceliulose and sodium carboxy- 
methylcellulose on man and laboratory animals after 
acute administration have been reviewed [16]. Vir- 
tually no changes attributable to these agents have 
been identified, and no liver toxicity has been found. 
More recently some evidence of biochemical effects 
in rats has been reported [17,18]. When female rats 
were given methylcellulose (2 x 20 mg . kg-’ 1 
day-‘) or carboxymethylcellulose (2 x 10 mg . kg-’ * 
day-‘) orally for 4 weeks, 5 days per week, a mod- 
erate degree of uncoupling of oxidative 
phosphorylation in heart and liver mitochronria was 
observed. ~arboxymethylcellulose~ but not meth- 
ylcellulose, caused a moderate and transient inhi- 
bition of mixed function oxidase activity in 9000g 
supernatant fluids of liver. It was concluded that 
these common suspending agents could affect certain 
liver enzymes. These findings are consistent with the 
effects of methylcellulose on hepatic GSH and of 
carboxymethylcellulose on GSH and on aniline 
hydroxylase activity reported here. 

It must be emphasized, however, that these results 
do not in any way indicate that methylce1lulose and 
carboxymethylcellulose are toxic. The magnitude of 
the changes in GSH levels caused by these agents 
is small. Indeed, simple fasting and diurnal variation 
produce equal or greater changes. But the fact that 
these two agents can mildly decrease hepatic GSH 
levels under certain circumstances should be rec- 
ognized, since these effects could aid interpretation 
of studies of hepatotrophic chemicals. Thus, a mild 
(~70 per cent) depleter of hepatic GSH may cause 
no hepatotoxicity by itself, but it could do so if 
administered in a methylcellulose or carboxy- 
methylcellulose vehicle due to an additive effect of 
chemical and vehicle. It would be incorrect to classify 
such a mild depleter as a hepatotoxin working via 
GSH depletion. It might have no signi~cant liver 
toxicity at all, just as methylceIlu~ose and carboxy- 
methylcellulose have no liver toxicity 1161. 

Neither mice nor hamsters showed a marked 
dependence of hepatic GSH on body weight. This 
is consistent with the work of Lambert and Thor- 
geirsson [19] showing that hepatic GSH concentra- 
tion in mice increases from birth until day 10 and 
then levels off. The slight correlations observed in 
the present study were in the opposite directions for 
the two species. It may be concluded that body 
weight differences do not explain the changes in 
hepatic GSH levels attributed to fasting, time of 
killing, or dosing with methyl~e1lulose and 
carboxymethyl~elIulos~. 
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