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Tissue Glutathione Levels in Mice Treated 
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HUSAIN, S. AND K. M. AHMED. Tissue glutathione levels in mice treated with delta-9-tetrahydrocannabinol. PHARMACOL 
BIOCHEM BEHAV 40(3) 513-515, 1991.--Glutathione (GSH) is widely distributed among living cells and is involved in many 
biological functions. It provides the sulfhydryl groups for conjugation of toxic metabolites of several xenobiotica. Acetaminophen 
(Tylenol) toxicity is a classical example of this property. For this purpose, we studied the effects of delta-9-tetrahydrocannabinol 
(THC) on tissue levels of GSH in the mice. Groups of male Swiss Webster mice weighing 25 -+ 5 g were treated with 50 mg/kg, 
PO THC at 1300 h. Control mice were given equal volume of sesame oil (5 ml/kg, PO) which was the vehicle for THC. Ninety 
minutes following THC administration, mice were sacrificed, theft plasma, brain, heart, liver, kidney and testis were collected. 
All tissues were homogenized in 5% TCA/EDTA solution and supernatant solutions of these homogenates were diluted. In these 
diluted samples, levels of GSH were determined by a modified spectrophotometric procedure and the GSH levels were expressed 
as mieromoles of GSH/g tissue. In this study, THC caused no effects on GSH levels in brain, heart, testis and plasma. However, 
GSH levels in liver and kidney were decreased by 14% and 7% respectively. Although the decrease in kidney GSH levels were 
insignificant, these changes in liver and kidney could be indicative of a possible metabolic and/or dispositional interaction between 
THC and different commonly available drugs such as acetaminophen. 
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GLUTATHIONE (GSH, gamma-glutamylcysteinylglycine) is the 
major nonprotein thiol widely distributed among living cells, 
particularly those of mammalian tissues (6). It plays an impor- 
tant role in a variety of metabolic process, some of which are 
critical for cell viability. Studies have shown that high concen- 
trations of GSH are found in the liver of most species (17), and 
provides sulfhydryl groups for conjugation of toxic metabolites 
of several xenobiotica which decreases their toxicity (11,15). 

Drugs of abuse such as marihuana and its major psychoac- 
tive constituent, delta-9-tetrahydrocannabinol (THC) have been 
studied extensively in laboratory animals as well as humans (3, 
5, 13, 14). However, no studies are reported thus far which de- 
scribe the effects of THC on GSH levels in different tissues of 
the body. This prompted us to determine the levels of GSH in 
mice with different treatments of THC. Similarly, large doses of 
the commonly used analgesic, acetaminophen (APAP, Tylenol) 
is known to cause hepatotoxicity by decreasing the levels of 
GSH in the body (1, 4, 8-11,  15). Due to the increased recre- 
ational use of marijuana in recent years, it is likely that it could 
be taken in close temporal proximity with the drugs sold over- 
the-counter for self-medication (e.g., APAP). This could lead to 
dispositional and/or metabolic interaction between these two 
drugs. For this purpose, in this investigation, we also studied 
the effects of a combination of THC and APAP on GSH levels 
in different tissues of mice. 

METHOD 

Male Swiss Webster mice (25-30 g) were obtained from Bio 
Lab Corp., Minneapolis, MN. They were maintained on stan- 

dard laboratory chow and under alternate light/dark cycle of 12 
h each. After one week of adaptation, animals were randomly 
divided into three groups. Animals in group A were given 50 
mg/kg PO THC at 1300 h. Control mice were given equal vol- 
ume of sesame oil (S.O.), 5 ml/kg, PO. These drugs were ob- 
tained from National Institute on Drug Abuse (NIDA), Rockville, 
MD. THC was obtained in ethanol. It was evaporated under ni- 
trogen. The residue obtained after evaporation was dissolved in 
sesame oil (S.O.). Ninety minutes following drug administra- 
tion, mice were sacrificed by decapitation. Their blood, brain, 
heart, liver, kidney and testes were obtained. Blood was col- 
lected in a heparinized tube and centrifuged. Animals in group 
B were administered 350 mg/kg, IP APAP dissolved in 0.9% 
basic saline, pH 11.3. Control mice were given 10 ml/kg, IP 
saline. Basic saline was used because APAP has better solubil- 
ity in it and also it has no effect on hepatic GSH levels (12). 
APAP was administered at 1200 h. Two h following its admin- 
istration, animals were sacrificed and their plasma and other tis- 
sues were obtained as before. Animals in group C were given 
APAP (350 mg/kg, IP) at 1200 h. Control mice received equal 
volume of saline. At 1230 h, 30 min after APAP administra- 
tion, all mice including controls, were treated with THC (50 
mg/kg, PO). This treatment dose of THC and that of APAP were 
selected because of personal observations and information from 
other laboratories which indicate that at this dose, both drugs 
cause significant effects in different biological systems (8-10, 
13). Mice were sacrificed at 1400 h and theft plasma and tissues 
were obtained as earlier. Tissues from all groups were washed 
in saline, weighed and kept on ice until homogenized in 5% 
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T A B L E  1 

PLASMA AND TISSUE GLUTATHIONE LEVELS IN MICE 
FOLLOWING A9-TETRAHYDROCANNABINOL TREATMENT* 

Glutathione Levels Percent Change 
Tissue p.mol/g Tissuet From Control Significance$ 

Plasma Control 0.24 ± 0.02 (9) 
Test 0.25 --- 0.01 (9) + 4.0 N.S. 

Brain Control 2.13 ± 0.06 (10) 
Test 2.09 --- 0.08 (10) - 2.0 N.S. 

Heart Control 2.66 ± 0.05 (10) 
Test 2.62 -4- 0.12 (10) - 2.0 N.S. 

Liver Control 7.60 --. 0.34 (10) 
Test 6.55 ± 0.29 (10) - 1 4 . 0  p<0 .03  

Kidney Control 6.67 ± 0.27 (9) 
Test 6.23 ± 0.26 (9) - 7.0 N.S. 

Testis Control 4.01 ± 0.07 (10) 
Test 4.08 _+ 0.23 (10) + 2.0 N.S. 

*Control and test mice were treated respectively with 5 ml/kg, PO 
sesame oil and 50 mg/kg, PO THC. Animals were sacrificed 90 min 
postinjection and tissues analyzed to determine glutathione levels as de- 
scribed in the Method section. 

tMean glutathione levels _+ S.E.M. with number of animals in pa- 
rentheses. 

~:Significance determined using Student's t-test, p<0.05 .  

T C A / E D T A  solution to obtain a 20% w/v homogena te .  These  
homogena t e s  were cent r i fuged for 10 min  at 5000 rpm to obtain 
a protein-free,  clear  supernatant  solut ion.  Al iquots  o f  these  su- 
pernatants  were diluted (liver, k idney  5 x ,  o ther  t i ssues  2 x ) 
with  5% T C A / E D T A  and their levels  o f  nonprote in  su l fhydryl  
groups  (NPSH)  were de te rmined  by a modi f ied  spec tophotomet -  
ric procedure  (16). It is genera l ly  accepted that NP S H is approx-  
imately  equiva lent  to G S H  in mos t  m a m m a l i a n  t i ssues  inc luding 
liver and k idney  (2,6).  Therefore ,  the NP S H levels were ex- 

T A B L E  2 

PLASMA AND TISSUE GLUTATHIONE LEVELS IN MICE 
FOLLOWING ACETAMINOPHEN TREATMENT* 

Glutathione Levels Percent Change 
Tissue Ixmol/g Tissuet  From Control Significance:~ 

Plasma Control 0.28 --- 0.04 (4) 
Test 0.27 - 0.02 (4) - 4.0 N.S. 

Brain Control 1.66 ± 0.09 (10) 
Test 1.57 +-- 0.12 (5) - 5.0 N.S. 

Heart Control 2.16 __+ 0.17 (8) 
Test 2.40 ± 0.21 (5) +11.0 N.S. 

Liver Control 6.95 ± 0.29 (9) 
Test 3.44 ± 0.33 (5) - 5 1 . 0  p<0.0001 

Kidney Control 4.79 --. 0.33 (10) 
Test 4.61 ± 0.28 (5) - 4.0 N.S. 

Testis Control 3.28 --- 0.15 (9) 
Test 3.09 --- 0.21 (5) - 6.0 N.S. 

*Control and test mice were treated respectively with 10 ml/kg, IP 
saline and 350 mg/kg, IP APAP. Animals were sacrificed 2 h postinjec- 
tion and tissues analyzed to determine glutathione levels as described in 
the Method section. 

tMean glutathione levels ± S.E.M. with number of animals in pa- 
rentheses. 

:~Significance determined using Student's t-test, p<0.05.  

T A B L E  3 

PLASMA AND TISSUE GLUTATHIONE LEVELS IN MICE 
FOLLOWING COMBINED TREATMENT WITH 

A9-TETRAHYDROCANNABINOL AND ACETAMINOPHEN* 

Glutathione Levels Percent Change 
Tissue ~xmol/g Tissuet From Control Significance$ 

Plasma Control 0.31 __. 0.01 (5) 
Test 0.29 ~ 0.03 (6) - 6.0 N.S. 

Brain Control 2.10 --- 0.06 (11) 
Test 2.01 ---0.06(11) - 4.0 N.S. 

Heart Control 2.65 _+ 0.10 (11) 
Test 2.60 ± 0.11 (11) - 2.0 N.S. 

Liver Control 7.30 _+ 0.35 (11) 
Test 3.65 --_ 0.12 (11) - 5 0 . 0  p<0.0001 

Kidney Control 6.11 _ 0.23 (11) 
Test 4.71 ± 0.18 (11) - 2 3 . 0  p<0.0002 

Testis Control 3.53 --- 0.13 (11) 
Test 3.51 ___ 0.11 (11) - 1.0 N.S. 

*Control mice were treated with 10 ml/kg, IP saline and 30 min after 
with 50 mg/kg, PO THC. Test mice were treated with 350 mg/kg, IP 
APAP and 30 min after with 50 mg/kg, PO THC. Animals were sacri- 
ficed 2 h after the first injection and tissues analyzed to determine glu- 
tathione levels as described in the Method section. 

tMean glutathione levels _+ S.E.M. with number of animals in pa- 
rentheses. 

:~Significance determined using Student's t-test, p<0.05.  

pressed  as mic romoles  o f  GSH/g  t issue.  These  results  are pre- 
sented as m e a n  v a l u e - S E M .  Signif icance was  de te rmined  by 
S tuden t ' s  t-test and the acceptable level o f  s ignif icance was set 
at p < 0 . 0 5 .  

RESULTS AND DISCUSSION 

In this s tudy,  levels  o f  G S H  were a parameter  considered to 
evaluate  drug effect  on var ious  organs  in mice.  All  exper iments  
were conducted  around 1400 h. This  was  done because  noctur-  
nal feeding in mice  causes  large variabil i ty in G S H  levels.  This  
variabil i ty is min imized  if  the exper imen t s  are run at t ime points  
farther r emoved  f rom nocturnal  feeding (12). The  mice  which  
were treated with T H C  in group A showed  the h ighes t  level o f  
G S H  in the l iver fo l lowed by kidney,  testis ,  hear t  and brain.  
However ,  in p lasma ,  the level o f  G S H  was  the lowest  (Table 
1). These  resul ts  indicate that as compared  to controls ,  T H C  
caused  no effect  on G S H  levels in brain,  heart ,  testis  and 
p lasma.  However ,  G S H  levels in liver and k idney were de- 
creased by 14% and 7%,  respect ively  with the decrease being 
s ignif icant  in the liver as compared  to controls  (7 .60_+0.34  vs. 
6 .55 _+ 0 .29  Ixmol GSH/g  t issue).  Trea tment  o f  mice  with A P A P  
in group B showed  a 51% signif icant  decrease  in hepat ic  GSH 
levels (6 .95_+0.29  vs. 3 .44_+0.33  p, mol  GSH/g  t issue).  There  
was no s ignif icant  difference in the levels o f  G S H  in other  tis- 
sues  (Table 2). This  is in ag reemen t  with earlier reports  f rom 
other  laboratories which  indicate that  both in mice  and rats ,  kid- 
ney  shows  nei ther  necrosis  nor  any  other  specific changes  after 
var ious  doses  o f  A P A P  (8). In our  present  exper iments ,  we also 
observed  no changes  in the level o f  G S H  in k idney o f  mice  
treated with A P A P .  As  opposed  to this ,  there are reports  in lit- 
erature wh ich  establ ish that  gluta thione has  an important  role in 
the k idney  (7). On  the basis  o f  these  reports  and our  laboratory 
f indings ,  we were fur ther  interested to s tudy the levels o f  glu- 
ta thione in mice  fol lowing a combined  t rea tment  with T H C  (50 
mg/kg ,  PO) and A P A P  (350 mg/kg ,  IP). The  results  o f  this 
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study indicated that there was no combined effect of this con- 
current treatment on the levels of glutathione in the liver and 
other tissues except kidney (Table 3 vs. 1 and 2). In kidney, 
there was a significant combined effect (23%) of this concurrent 
treatment as compared to the effects of THC or APAP alone 
(Table 3 vs. 1 and 2). However, from the present findings, it is 
evident that the concurrent treatment of mice with THC and 
APAP failed to show significant difference in hepatic glutathione 
levels. It is, therefore, speculated that no metabolic interaction 
occurs when these two drugs are taken together. However, in 

kidney, the significant decrease in glutathione levels following 
concurrent treatment suggests the possibility of a dispositional 
interaction between THC and APAP when taken together. 
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