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SHUKLA, G. S. Mechanism of lithium action: In vivo and in vitro effects of alkali metals on brain superoxide dismutase. 
PHARMACOL BIOCHEM BEHAV 2,6(2) 235-240, 1987.--Intraperitoneal administration of lithium (2 mEq/kg/day) was 
found to increase the superoxide dismutase (SOD) activity in certain brain regions after 24 hours (2 injections) and 3 days 
(once a day) of exposure. In vitro addition of wide range of lithium (0.1 to 8 mEq) to enzyme preparation as well activated 
cortical SOD activity; however, at 10 mEq concentrations an inhibition was observed. The increase in SOD activity did not 
appear to be region specific as under both in vivo and in vitro conditions lithium enhanced enzyme activity in all the tested 
brain regions. The effects of intraperitoneal administration of 2 mEq/kg rubidium and cesium for 24 hr (2 injections) and 6 
days (once a day) were also studied on central SOD. Both the alkali metals were not found to produce any significant 
alteration in the cortical enzymic activity. When the in vitro effects of these monovalent alkali metals were tested, only 2 
mEq rubidium was found to increase cortical SOD; however, cesium and potassium at similar concentration did not 
produce any appreciable effects. It appears from the data that lithium-induced increase in brain SOD activity is not an 
unspecific effect of alkali metals. SOD enzyme disposes cytotoxic superoxide radicals which, if not removed, could impair 
the normal functioning of cellular membrane and produce a variety of psychedelic compounds as well. The activation of 
central SOD by lithium would enhance the disposal process of superoxide radicals whose pathological concentrations may 
be present in affective disorders. The mechanism of lithium-induced activation of SOD, at present, is not known. 
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Catecholamine oxidation 

LITHIUM salts are the most frequently used drugs in the 
treatment of mania and in the prophylactic treatment of re- 
current, bipolar manic-depressive psychosis [26]. The gen- 
eral biology and pharmacology of lithium have been exten- 
sively studied and its mechanism of action as a mood stabiliz- 
ing agent has been investigated to some extent. Much atten- 
tion has centered on the interactions of lithium with various 
neurotransmitter systems that have been implicated in the 
pathophysiology of mood disorders [ 1, 10, 12]. Additionally, 
lithium has been shown to affect membrane related 
phenomena such as electrolyte transport and balance, up- 
take and release of cerebral transmitter amines as well as of 
their precursors [13,14]. Despite much effort, the exact 
mechanism of action of lithium still remains unknown. 

Brain tissue is highly supplied with oxygen and is rich in 
oxidizable substrates such as catecholamines and unsatu- 
rated lipids. The peroxidation of membranal lipids by a 
highly reactive free radical such as superoxide (02-) has 
been reported to change the activities of membrane bound 
enzymes and receptors, which could result in altered mem- 
brane permeability and neural transmission [9, 12, 23]. 
Therefore, the components of external and intracellular 
membrane need to be protected from oxidative attack for the 

normal functioning of a nerve cell. Moreover, the oxidation 
products of catecholamines like adrenochrome have been 
shown to produce psychedelic response in experimental 
animals and healthy volunteers [7]. Excessive levels of free 
radicals that result either from a high rate of their generation 
or slower disposition through decreased superoxide dis- 
mutase (SOD, E.C. 1.15.1.1) activity could have an impor- 
tant role in the etiology of affective disorders. SOD, which 
plays a prominant role in the inactivation of O~-radicals 
formed during the metabolic reduction of molecular oxygen, 
thus provides an important protective mechanism against 
oxidative damage of the tissues [3,4]. The present investiga- 
tion was conducted to study the in vivo and in vitro effects of 
lithium on regional SOD activity in rat brain. The effects of 
other alkali metals, rubidium and cesium, were also studied 
for comparison. 

METHOD 

Animals and Treatment 

Male Sprague-Dawley rats (150-175 g) were housed in 
groups of three per cage in an environment of controlled 

1Present address: Dr. Girja S. Shukla, Industrial Toxicology Research Centre, Post Box NO. 80, Lucknow-226 001, India. 
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T A B L E  1 

EFFECT OF SHORT-TERM ADMINISTRATION OF Li2CO3 ON SUPEROXIDE DISMUTASE* OF DIFFERENT 
REGIONS OF RAT BRAIN 

Li2CO3-Treated 

Percent Percent 
Region Control§ 12 Hrt of Control 12+ 12 Hr:~ of Control 

Cerebral cortex 1.44 ± 0.101 1.56 ± 0.099 109 1.81 ± 0.110 126¶ 
Cerebellum 1.73 _ 0.106 1.83 ± 0.121 106 2.02 ± 0.116 117 
Corpus striatum 1.56 ± 0.098 1.60 ± 0.101 103 1.90 ± 0.108 122¶ 
Hippocampus 1.49 ± 0.093 1.46 _ 0.114 98 1.80 ± 0.101 121¶ 
Hypothalamus 1.91 ± 0.113 2.10 ± 0.123 110 2.33 ± 0.117 122¶ 
Mid-brain 2.16 _ 0.104 2.33 ± 0.111 108 2.57 ± 0.124 119¶ 
Pons-medulla 2.23 ± 0.110 2.32 - 0.121 104 2.59 ± 0.120 112 

The values represent arithmatic mean ± S.E. of 6 rats in each group. 
*Activity represented as units/mg protein--one unit of SOD activity is defined as the amount of enzyme which 

inhibited the reaction by 50% [19]. 
tLizCO3 (2 mEq lithium/kg) injected IP in a volume of 0.5 ml. 
:~One injection was followed by another after 12 hr. 
§Control animals received an equivalent amount of NaCI. 
¶Significantly different (p<0.05) compared to control. 

T A B L E  2 

EFFECT OF Li2CO3 ADMINISTRATION ON SUPEROXIDE DISMUTASE* OF DIFFERENT REGIONS OF RAT BRAIN 

TreatmentT Cerebral Corpus 
Period (Days) Cortex Cerebellum Striatum Hippocampus Hypothalamus Mid-Brain Pons-Medulla 

Control 1.52 ± 0.093 1.69 -+ 0.101 1.61 _ 0.110 1.41 _+ 0.090 1.79 _ 0.103 2.24 _+ 0.110 2.29 ± 0.106 
LizCO3 

1 1.66 _ 0.121 1.74 _+ 0.111 1.80 + 0.121 1.73 _+ 0.121 1.88 - 0.111 2.52 ± 0.131 2.61 -+ 0.126 
3 1.83 ± 0.101 1.82 ± 0.117 1.99 ± 0.101 1.68 _+ 0.081 1.83 _ 0.109 3.02 ± 0.121 2.84 _+ 0.131 

(121~) (124¢) (I 19:~) (120#) 
6 1.94 _ 0.106 2.01 ± 0.102 1.98 ± 0.113 1.75 _+ 0.116 2.16 _ 0.114 2.75 ± 0.118 2.70 +_ 0.108 

(128§) (119~) (123~) (124~) (121:~) (123§) (118~) 
9 1.99 ± 0.117 2.03 ± 0.107 2.08 ± 0.109 1.76 _ 0.109 2.15 ± 0.118 2.78 ± 0.121 2.80 _ 0.114 

(131 §) (120:~) (129:~) ( 125 #) (120~:) (124#) (1225) 
12 2.06 ± 0.121 2.06 ± 0.110 2.06 ± 0.113 1.79 ± 0.116 2.22 _+ 0.122 2.73 _ 0.118 2.77 _ 0.118 

(1365) ( 122:D (128:~) (127:~) (124~:) ( 122 §) ( 121 §) 

The values represent arithmatic mean ± S.E. of 6 rats in each group. The data in parentheses are percent compared to control as 100%. 
*Activity represented as units/rag protein--one unit of SOD activity is defined as the amount of enzyme which inhibited the reaction by 

50% [19]. 
TLi2COa (2 mEq lithium/kg/day) injected IP in a volume of 0.5 ml; control animals received an equivalent amount of NaCI. 
Significantly different compared to control, ~:p<0.05, §p<0.02, ¶p<0.01, #p<0.001. 

t empera tu re  (24_ + I°C) and al ternat ing 12 hours  light (0600- 
1800 hr) and dark cycles .  The rats were  al lowed free access  
to food and wa te r  at all t imes.  

In one  set  o f  the expe r imen t s ,  twelve  rats were  adminis-  
t e red  wi th  lithium carbona te  (Li2CO3, adjus ted  to pH 7.4 
with citric acid), l i thium chloride (LiC1), rubidium chloride 
(RbCi) or  ces ium chlor ide (CsC1) intraper i toneal ly  (2 m E q  
alkali metal/kg body weight)  in a volume o f  0.5 ml. Af te r  12 
hr, half  o f  the injected animals were  sacr i f iced by decapi ta-  
t ion while the res t  o f  them were  given one  more  injection of  2 
mEq/kg  o f  respec t ive  alkali metal  and sacrif iced after an- 
o the r  12 hr. 

The o the r  set  o f  animals  rece ived  daily one intraperi to-  

neal injection o f  2 mEq/kg  body weight  o f  the above men- 
t ioned metals .  Six rats f rom Li2CO.~ t rea ted  groups  were  ran- 
domly se lec ted  and sacrif iced each  after  l ,  3, 6, 9 and 12 days  
o f  exposure .  H o w e v e r ,  the rats receiving alkali metal  hal ides 
were  sacrif iced only after  6 days  of  t r ea tmen t  period.  

The animals of  respec t ive  contro l  groups  were  t reated 
wi th  an equivalent  amount  of  sodium chlor ide (NaC1) in a 
similar manner .  

Sample Preparation and SOD Assay 

The brains were  rapidly excised ,  p laced  on a chilled glass 
plate and,  af ter  removing  grossly visible blood vessels ,  dis- 
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TABLE 3 

IN VITRO EFFECTS OF LITHIUM ON AUTO-OXIDATION OF PYROGALLOL AND SUPEROXlDE 
DISMUTASE ACTIVITY OF RAT CEREBRAL CORTEX 

Conc. of Auto-Oxidation of 
Lithium Pyrogallol (A Optical Percent Superoxide Dismutase Percent 
(mEq)* Density/min)t of Control (Units/mg Protein)* of Control 

Control 0.214 ± 0.021 100 1.43 ± 0.090 100 
0.10 0.215 ± 0.022 100 1.46 ± 0.092 102 
0.50 0.212 ± 0.021 99 1.51 ± 0.093 106 
1.00 0.210 ± 0.023 98 1.58 ± 0.072 111 
1.50 0.209 ± 0.019 98 1.66 ± 0.083 116 
2.00 0.208 ___ 0.020 97 1.87 ± 0.132 131 
4.00 0.207 ± 0.022 97 1.83 ± 0.120 128 
6.00 0.205 ± 0.021 96 1.76 ± 0.108 123 
8.00 0.205 ± 0.019 96 1.70 ± 0.081 119 

10.00 0.204 ± 0.021 95 1.10 ± 0.079 77 

The values represent arithmatic mean ± S.E. of 3 experiments, each done in duplicate. 
*Li2COa was added in incubation mixture. • 
tOptical density/min was recorded without homogenate; however, volume was made up with distilled 

water. 
~tOne unit of SOD activity is defined as the amount of enzyme which inhibited the reaction by 50% [19]. 

sected into various regions [6]. Each brain region was 
homogenized in 20 volumes of triple glass distilled water 
using glass homogenizer with teflon pestle fitted to a motor 
drive. Following centrifugation of homogenate at 1,000 x g 
for 10 minutes at 4°C, SOD activity in the supernatant was 
measured according to the method of Marklund and 
Marklund [18] with certain modifications [19]. 

Briefly, the assay mixture in a total volume of 1.0 ml 
consisted of Tris-cacodylate buffer, pH 8.2 (50 mM), nitro- 
blue tetrazolium (0.1 mM) Triton X-100 (0.001%), pyrogallol 
(0.2 mM), enzyme preparation and where needed, appropri- 
ate amounts of alkali metal. In the blank, enzyme was substi- 
tuted by an equal amount of water. The activity was meas- 
ured at 24°C at the wavelength of 540 nm, using a Beckman 
DU-7 spectrophotometer. The cuvettes were washed after 
every reading with concentrated nitric acid followed by sev- 
eral rinses of distilled water to remove the traces of alkali 
metal sticking to the glass wall. One unit of SOD activity was 
defined as the amount of enzyme which inhibited the auto- 
oxidation of pyrogailol by 50% under the given experimental 
conditions [19]. 

Protein was estimated using the Folin phenol reagent 
method [16] with bovine serum albumin as the standard. 

Statistical Analysis 

The significance of difference between mean values was 
calculated by using Student's t-test, p-Values less than 0.05 
were considered to be significant. 

Materials 

Rubidium chloride, cesium chloride and nitroblue 
terazolium were purchased from Sigma Chemical Co., St. 
Louis, MO. PyrogaUol was obtained from J. T. Baker Chem- 
ical Co., Phillipsburg, NJ. All other reagents used in this 
study were from Fisher Scientific Co., Fairlawn, NJ or of the 
purest grade available in the laboratory. 

TABLE 4 
IN VITRO EFFECTS OF Li2CO3 ON SUPEROXIDE DISMUTASE 

ACTIVITY IN VARIOUS BRAIN REGIONS 

Superoxide Dismutase 
(Units/rag Protein)* 

Percent of 
Brain Regions Control Li2COat Control 

Cerebral cortex 1.30 _+ 0.10 1.74 -+ 0.11 134 
Striatum 1.41 _ 0.09 1.76 ± 0.12 125 
Mid-brain 2.01 ± 0.12 2.64 ± 0.14 122 
Hippocampus 1.42 _+ 0.08 1.65 ± 0.06 116 
Pons-medulla 2.23 ± 0.14 2.59 ± 0.12 116 
Hypothalamus 2.11 ± 0.13 2.41 ± 0.16 114 
Cerebellum 1.60 ± 0.11 1.76 ± 0.08 110 

The values represent arithmatic mean ± S.E. of 3 experiments, 
each done in duplicate. 

*One unit of SOD activity is def'med as the amount of enzyme 
which inhibited the reaction by 50% [19]. 

tTwo mEq lithium was added in incubation mixture. 

RESULTS 

The effects of acute treatment of Li2CO3 on SOD activity 
of different brain regions are presented in Table 1. The ad- 
ministration of Li2CO3 (2 mEq lithium/kg) did not change 
SOD activity of any of the studied regions compared to 
saline control after 12 hr. However, in the other groups 
where second injection was given after 12 hr and animals 
were sacrificed after 24 hr of the first injection, activity of 
this enzyme increased in cerebral cortex (26%), corpus 
striatum (22%), hippocampus (21%), hypothalamus (22%) 
and mid-brain (19~) regions. Furthermore, the SOD activity 
in cerebellum and pons-medulla regions remained unchanged 
compared to control. 
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TABLE 5 
EFFECT OF LiCI, RbCI AND CsCI ADMINISTRATION ON 

SUPEROXIDE DISMUTASE* OF RAT CEREBRAL CORTEX 

Treatment¢ Control¶ 12 + 12 Hr~: 6 Days§ 

LiCI 1.42 ± 0.110 1.82 ± 0.114 1.92 ± 0.121 
(128#) (135"*) 

RbCI 1.37 ± 0.108 1.66 ± 0.126 1.55 ± 0.133 
CsCI 1.49 ± 0.120 1.58 ± 0.131 1.74 ± 0.119 

The values represent arithmatic mean __+ S.E. of 6 rats in each 
group. The data in parentheses are percent compared to control as 
100%. 

*Activity represented as units/mg protein--one unit of SOD ac- 
tivity is defined as the amount of enzyme which inhibited the reac- 
tion by 50% [19]. 

tLiCl, RbC1 and CsC1 were injected IP in a volume of 0.5 ml. 
:~Two mEq of an alkali metal/kg, one injection followed by another 

after 12 hr. 
§Two mEq of an alkali metal/kg, dally one injection. 
¶Control animals received an equivalent amount of NaCI. 
Significantly different compared to control, #p<0.05, **p<0.02. 

SHUKLA 

TABLE 6 
IN VITRO EFFECTS OF LiCI, RbCI, CsCI AND KCI ON SUPEROXIDE 

DISMUTASE OF RAT CEREBRAL CORTEX 

Alkali Metal* Superoxide Dismutase Percent of 
(2.0 mEq) (Units/mg Protein)f Control 

None (control) 1.51 ± 0.121 100 
LiC1 1.95 ± 0.133 129 
RbC1 1.99 _+ 0.129 132 
CsCI 1.58 ± 0.127 105 
KCI 1.54 ± 0.124 102 

The values are arithmatic mean _+ S.E. of 6 data obtained from 3 
experiments each done in duplicate. 

*Two mEq lithium, rubidium, cesium and potassium were added 
in incubation mixture. 

TOne unit of SOD activity is defined as the amount of enzyme 
which inhibited the reaction by 50% [19]. 

The data presented in Table 2 show the effects of Li2CO:~ 
treatment on regional SOD activity at different time intervals 
for 12 days of exposure. The single injection of 2 mEq 
lithium/kg did not produce any effect on regional SOD activ- 
ity after one day. However, daily treatment for 3 successive 
days enhanced SOD enzyme activity in cerebral cortex 
(21%), corpus striatum (24%), hippocampus (19%) and mid- 
brain (20%) regions compared to their respective control. 
The administration of Li2CO3 for 6, 9 or 12 days was found to 
elevate the enzyme activity in all the studied brain regions. 
Furthermore, the magnitude of increase was more in cere- 
bral cortex compared with other regions. 

The data of Table 3 demonstrate the effects of in vitro 
addition of different concentrations of Li2COa on pyrogallol 
auto-oxidation and SOD enzyme activity in cerebral cortex 
region of normal rats. The addition of 0.1 to 10 mEq lithium 
did not produce any appreciable effect on the capacity of 
superoxide radical generation in an incubation mixture with- 
out the homogenate. However, the presence of a wide range 
of lithium concentration (0.1 to 8 mEq) increased cerebral 
SOD activity followed by a decrease (23%) at I0 mEq. The 
maximum activation of SOD was seen at 2 mEq concentra- 
tion of lithium in the assay system. 

When the in vitro effect of lithium (2 mEq) was tested on 
SOD activity in different brain regions, an increase was ob- 
served in all of the regions examined with maximum change 
in cerebral cortex (34%) followed by striatum (25%) and mid- 
brain (22%) (Table 4). The distribution of this enzyme was 
found to be uniform in different regions of normal brain with 
comparatively little higher values in pons-medulla, hypo- 
thalamus and mid-brain regions. 

Table 5 depicts the effects of LiCI, RbCI and CsCI (2 mEq 
alkali metal/kg) administration on SOD of cerebral cortex 
region after 24 hr (2 injections) and 6 days (once a day). LiC1 
produced an increase in the cortical SOD activity after 24 hr 
(28%) and 6 days (35%) of exposure, however, RbC1 and 
CsCI did not show any significant change at both the time 
intervals compared to control. Furthermore, the administra- 
tion of an equivalent amount of NaC1 (control) did not show 

any change on this enzyme compared to untreated normal 
rats (data not given). 

The in vitro effects of LiCl, RbC1, CsCi or KC! on SOD 
activity of cerebral cortex are given in Table 6. While the 
addition of 2 mEq of lithium and rubidium produced an in- 
crease in cortical SOD activity respectively by 29% and 32% 
cesium and potassium at the same concentration did not 
show any appreciable change. 

DISCUSSION 

Over the recent past, a number of hypotheses based on 
the balance of electrolytes, hormones and neurotransmitters 
have been proposed to explain the therapeutic and 
prophylactic action of lithium [10,25]. However, the initial 
neurochemical events involved behind these hypotheses are 
still unknown. In the present investigation, we studied the 
effects of lithium on brain SOD activity. Our results demon- 
strated that the acute administration of Li2CO:~ (2 mEq/kg, 
two injections in 24 hr) intraperitoneally elevated the SOD 
level in most of the brain regions. However, there was no 
significant change in the enzyme activity after 12 hr of single 
injection. Furthermore daily administration of Li2CO.~ 
produced an increase in the SOD activity of certain regions 
after 3 days and in all the regions after 6 days. The increased 
levels remained stationary even after 12 days, if the treat- 
ment continued. Under the in vitro condition, lithium en- 
hanced SOD activity in the cerebral cortex region of normal 
rat brain at all concentrations tested, except 10 mEq when an 
inhibition was observed. Since lithium was not found to 
change the pyrogallol auto-oxidation, the observed results 
were due to the action of lithium on the enzyme itself rather 
than on the free radical production. These findings suggest 
that the activation of cerebral SOD after lithium treatment 
could be the result of direct action of alkali metal on this 
enzyme. Furthermore, the observed activation of SOD did 
not appear to be region specific as the in vitro addition of 2 
mEq lithium increased enzyme activity in all brain regions, 
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of  course parallel to in vivo; the maximum increase being in 
cerebral cortex. 

It appears that lithium enhances the activity by directly 
interacting with SOD enzyme. The administration of  lithium 
for 3 successive days has been reported to produce metal 
concentration in the range of 0.7-2.7/xEq/g after 1 mEq/kg 
dose, 1.5-5.7/xEq/g after 3 mEq/kg and 2.2-8.8/~Eq/g after 6 
mEq/kg, depending on the region [28]. These data are also 
supported by several other groups of  researchers [11,20]. In 
the present investigation, we injected lithium 2 mEq/kg and 
after 3 successive injections it is supposed to produce a level 
of lithium around 1.4-5/xEq/kg in different brain regions. It 
is, therefore, reasonable to presume that lithium reaches the 
brain in a concentration (1.4-5 mEq) which on the basis o f  in 
vitro experiments,  is sufficient to produce an increase in the 
SOD activity. Furthermore,  there is a possibility that a single 
injection of lithium after 12 hr or 24 hr did not elevate re- 
gional lithium to a level that could activate SOD. 

The mechanism of  lithium-induced activation of  cerebral 
SOD, at present, is not known. One can suggest that SOD is 
metallic enzyme containing Zn +÷ and Cu ÷+ [4] and monova- 
lent ions in general are known to activate intracellular 
enzymes containing divalent ions [30]. However,  the admin- 
istration of 2 mEq/kg rubidium or cesium twice in 24 hr or 
once daily for 6 days did not produce any significant change 
in the SOD activity. Furthermore,  in vitro addition of 2 mEq 
rubidium, cesium or potassium showed that only rubidium 
increased enzyme activity. The use of LiC1 salt in parallel to 
RbCI, CsC! and KCI produced effects almost similar, but a 
little more pronounced to those observed from Li2CO3. This 
could be due to the faster rate of distribution of LiC1 com- 
pared to Li2CO.~ in the tissue. 

The data presented here thus showed that amongst alkali 
metals studied only lithium under in vivo as well as in vitro 
conditions increased the SOD activity, while rubidium en- 
hanced the activity only under in vitro condition. There is a 
possibility that under present experimental conditions 
rubidium does not reach to the brain in a concentration sig- 
nificant to increase SOD level. If it is not the case and both 
lithium and rubidium, activators of  SOD in vitro, are reach- 
ing to the brain with equal facility; then there is another 
possibility of involvement of  certain factors, other than sim- 
ple metal-SOD interaction, under in vivo condition in 
producing lithium-induced increase in enzymic activity. 

The occurrence of SOD enzyme has been demonstrated 
in the central nervous system of several species including 
human beings [5,15]. Of particular interest are the studies of 
Thomas et al. [29] who showed the presence of SOD in syn- 
aptosomes of rat bra~in. The physiological function of synap- 
tosomal SOD could be the prevention of  free radical induced 
oxidation of catecholamines stored in certain nerve termi- 
nals. It is known that catecholamines get immediately 

oxidized in the presence of  superoxide radicals and produce 
psychoactive compounds [22,24]. The formation of  adreno- 
chrome, adrenolutin and leuco-adrenochrome, suggested to 
be responsible for mental illness, could be the result of  ex- 
cessive levels of  superoxide present in the vicinity of  neuro- 
transmitters in the brain. Pink epinephrine (adrenochrome), 
formed due to prolonged storage, when given to asthmatics 
or used as premeditat ion for anesthesia produces psychotic 
reactions in patients [7]. Furthermore,  Taborsky [27] studied 
the effects of adrenochrome and adrenolutin on the be- 
havioural performance in trained rats and found both of  them 
exerting a strong psychotropic action. It was suggested that 
the formation of such oxidized products under certain patho- 
logical conditions could result in mental illness. It has been 
hypothesized that the therapeutic actions of  lithium are 
mediated through its effects on cellular membrane [8, 13, 14, 
17], as this alkali metal has been found to affect the electro- 
lyte balance, uptake and release of  neurotransmitters,  
enzymes like Na +, K+-ATPase and adenylate cyclase, recep- 
tors, etc. The increased concentration of  cytotoxic super- 
oxides may also attack neuronal membrane and initiate a 
vicious cycle of free radical generation by the process of  lipid 
peroxidation. Such peroxidation of membranal lipids can af- 
fect membrane associated enzymes and receptors leading to 
altered cation balance, neurotransmitter functions and effi- 
ciency of adenyl cyclase/cyclic AMP system. Brain Na ÷, 
K+-ATPase, uptake and release of neurotransmitters and 
dopamine receptors have already been reported to be sensi- 
tive to the lipid peroxidation [9, 12, 21, 23]. It is possible that 
the lithium-induced enhanced regional SOD activity may in- 
crease the removal of superoxide radicals and thus help in 
the stabilization of membrane. It is further interesting to 
mention here that a number of the antipsychotic drugs have 
been demonstrated to have antioxidant activity in inhibiting 
lipid peroxidation and to recover peroxidation-induced 
inhibited Na ÷, K÷-ATPase in the brain tissue [23]. 

Because of genetic, chemical or biochemical insult, 
pathological levels of superoxide radical could result either 
due to its excessive generation or slower disposition by 
superoxide dismutase. There is sufficient evidence to believe 
that an excess of  superoxide radicals in the central nervous 
system under certain abnormal conditions may produce a 
variety of nervous disorders. The demonstrated lithium- 
induced increase in SOD enzyme activity may facilitate the 
process of  disposal of these cytotoxic superoxide radicals. 
However,  further studies are needed before one can corre- 
late the therapeutic efficacy of lithium in affective disorders 
with its activating effects on brain SOD. 
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