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ABSTRACT 
 
The effect of lithium on circadian rhythms has been studied to understand whether affective and bipolar 
disorders are related to disturbances on the circadian regulation. Some species of Gerbils (sand rat, 
Mongolian gerbil) have been proposed as a model to study mood disorders. The aim of the present work was 
to study the effects of chronically ingested lithium upon the structure of locomotor activity in male and female 
gerbils exposed to constant conditions as well as light/dark cycles; in order to understand if the free running 
period and activity levels and phase relationship with a light cycle is affected by chronic lithium chloride 
administration in water. Locomotor activity was recorded from individual gerbils, by means of running wheels 
coupled to infrared light beams in environmental controlled chambers. Results obtained indicate a 
lengthening of the free running period  and activity phase in males, but an opposite effect in females until 20 
days after beginning the ingest of LiCl,  therefore its effects upon circadian free running period was different 
regarding the gender. 
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RESUMO 
 

O efeito do lítio sobre os ritmos circadianos foram estudados para entender se as doenças afetivas e 
bipolares estão relacionadas com as alterações da regulação circadiana. Algumas espécies do gerbil                  
(rata do deserto, gerbil mongoliano) propuseram-se como modelos para o estudo das doenças anímicas.             
O propósito do presente trabalho foi estudar os efeitos do lítio ingerido de modo crônico sobre a estrutura 
da atividade locomotora em gerbil macho e fêmea expostos a condições constantes bem como ciclos 
claro/escuro, para determinar se o período do ritmo em livre locomoção, os níveis de atividade e sua relação 
de fase foram afetados pela administração crônica de cloreto de lítio (LiCl) em água. A atividade locomotora 
foi registrada em câmaras controladas individualmente para a cada gerbil, usando rodas de exercício 
acopladas a sensores de luz infravermelha. Os resultados obtidos indicaram um alargamento do período do 
ritmo em livre locomoção e a fase de atividade nos machos, com um efeito oposto nas fêmeas após 20 dias 
de iniciado o tratamento de LiCl. O efeito sobre o período do ritmo em livre locomoção foi diferente entre 
machos e fêmeas.   
Palavras chave: Circadiano, atividade locomotora, gerbil, lítio, fêmeas, machos, gênero. 

 
 

INTRODUCTION 
 

any depressed and bipolar patients 
suffer from alterations in their sleep-

wake cycle and its circadian rhythmicity; therefore 
mood disorders are of particular interest to be 
studied from the perspective of the circadian clock 
function 16, 31, 33, 34. A connection between the 
molecular basis of the circadian clock and mood 
disorders have been recently established, and 
behavior of the circadian Clock mutant mice has 
been proposed to be studied as model for mania, 
since its treatment with lithium is similar to the 
observed in humans28.  

The effect of lithium on circadian rhythms has 
been studied to understand whether affective and 
bipolar disorders are related with disturbances of the 
circadian regulation. Lithium lengthens the free 
running period of the circadian locomotor activity in 
different animals such as flies22, rats12; hamsters20, 
mice13 and even primates32 including humans14. 
Lithium also can lengthen the free running circadian 
period of electrical firing rate from mouse’s SCN 
isolated neurons1. It has been speculated that       
the action of lithium upon free running period seems 
to be through the Glycogen Synthase Kinase3-β 
(GSK3 β) and lithium has a direct inhibition         

of it8,13,21,22,35. The inhibition of GSK3 β by lithium 
thus leads to suppression of Rev-erb β, activation of 
Bmal1 and a slowing of the molecular circadian 
feedback loop lengthening the period of the 
circadian cycle35. The fat sand rat (a species              
of gerbil) has been proposed as a model to         
study mood disorders produced by changes in 
photoperiod5,10, meanwhile Mongolian gerbil has 
been proposed as a model to study anxiety and 
novel antidepressant agents since their neurokitin 
NK1 receptors maintain a closer homology to 
human NK1 receptors than mice and rats6,30. 

 M

          

  

Mongolian gerbil Meriones unguiculatus is 

well adapted species to extreme environments, 

where seasonal change in photoperiod is followed 

by changes in availability of other natural 

Resources18. The gerbil has a social organization 

and does not hibernate2. In laboratory conditions, 

gerbil displays an unstable circadian activity profile 

in such way that activity is wide spread in short bouts 

present along the light-dark cycle. There are 

controversial results whether its circadian activity is 

diurnal, nocturnal, or crepuscular17,24,25,26. Irregular 

activity-rest cycles and instability of phase regarding 

light conditions are features that arises the possibility 

of studying this species.  



_______________________________________________________________________Rocio, Juárez-Tapia, C.; et al. 

There are no studies on gender differences in 
the effect of Li and the circadian system in rodents, 
however there are studies in which gender 
differences and therapeutics on treatment for bipolar 
disorders exist7. 

The aim of the present work is to study the 
effects of chronically ingested lithium upon the 
structure of locomotor activity in males and females 
gerbils exposed to constant conditions as well as 
light/dark cycles; in order to observe if the instability 
of phase of activity as well as the circadian 
distribution of activity is affected by chronically 
lithium administration. 
 
MATERIAL AND METHODS 
 
Animals and housing 

Eight male and eight female juvenile Meriones 
unguiculatus (57.3 ± 2.4g SEM) about three month-
old, were obtained from the vivarium at the Facultad 
de Ciencias UNAM. Animals were kept in individual 
polycarbonate cages containing woodchips, with ad 
libitum food (Rodent Lab Chow 5001, Purina Inc.) 
and tap water. Environmental temperature was 
maintained at 23 ± 3°C, and lighting cycle (LD) set 
at 12:12 (0600-1800, 280 lx). Animals were 
individually transferred to cages for long term 
recordings. Cleaning of cages occurred once a 
week. When in constant conditions, animals were 
continuously exposed to a dim red light (1-2 lx) 
provided by a small red bulb lamp which allow to 
give maintenance without changing light conditions. 
Animals were maintained and treated according with 
the official Mexican regulation for experimentation in 
animals (NOM-062-ZOO-1999).  

 

Locomotor activity recordings  
Locomotor activity was recorded from 

individual gerbils, by means of running wheels 
coupled to infrared light beams; data were obtained 
by acquisition data board in a PC. A light beam was 
located at the top of a glass cage (18x30x20 cm) 
and every half revolution of the wheel was recorded 

as one event. Data were summarized every ten 
minutes (10 min. bin cell) and stored in a PC until 
further analysis. Each cage was placed in a light-
tight wooden box (70x40x43 cm), equipped with a 
fluorescent lamp (280 Lx) controlled by a timer. 
Ventilation was kept constant using a small fan and 
temperature was maintained at 24 ± 2˚C. 

 

Experimental protocol 
Animals were exposed initially to Light-Dark 

conditions (LD 12:12, 06:00-18:00) during at least 
15 days, then, constant Dim red Light (DrL, 1-2 lx) 
was used as constant condition to observe free 
running rhythms during 50 days, then exposed in LD 
during 15 more days. Cages cleaning was 
performed once a week during all the experiment 
using the same dim light as a background. By the 
day 25th in DrL to the end of the experiment, a 
solution of 1 mM LiCl (sigma) in water was provided 
in substitution of regular water. LiCl solution was 
refreshed every other day. Volume of consumed 
water was quantified every change by weighing 
bottles. In order to reduce the sodium loss by the 
effect of consuming lithium (diabetes insipidus), bulk 
grains of sea-salt were available at the bottom of the 
cage. After 50-60 days of consuming LiCl-water, 
locomotor activity was recorded on LD cycles.  
 
Data analysis 

Locomotor activity data were organized into 
double plotted actograms; a minimum of ten days of 
recording were used to calculate X2 periodogram, 
and waveforms were performed by means of 
DISPAC software3. For evaluate activity levels during 
constant conditions, waveforms were fit to the 
dominant period and analyzed in free running 
rhythms. Segments of each recording used for 
analysis consisted in blocks of ten consecutive days: 
initial LD; dim red-light with regular water (DrL), and 
three segments of ten days each during LiCl-water, 
as well as the final ten days in LD. 

 Data of activity were compared among 
segments. For each separate segment variables as 
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period, waveform, activity levels and in case of LD, 
phase relationship with the zeitgeber was analyzed. 
Data were compared for every group using 
Student´s t-test by means of the software Statistica, 
where p<0.05 was considered significant. Data are 
expressed as the mean value with corresponding 
standard error. 

 
Results 

Figure 1 Show two representative actograms 
of two female gerbils with activity in LD mainly 

diurnal, and some spread during the dark phase. 
When exposed to constant DrL, irregular patterns 
during the first 6 days in A or a consolidated activity 
bout in B were present, disperse activity persisted in 
all the recording, however main bout of activity 
showed free running. When LiCl was given in water, 
some animals started to consolidate clear activity 
bouts as in the example of A, being more 
conspicuous by day 50. Entrained locomotor activity 
in final LD conditions from day 57, showed mainly 
nocturnal activity bouts in both cases showed. 
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Figure 1 Actograms of two female gerbils before and during consumption of LiCl in water (left arrow), In A, after 
day 50, activity bout becomes less disperse and when in LD shows nocturnal instead of diurnal as in initial 
entrainment is observed. Brackets indicate segments analyzed by periodogram and average waveform. LD 
conditions are indicated at the top and bottom of each actogram. DrL= constant Dim red Light.  
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Figure 2, shows two representative actograms 
of male gerbils. During the initial LD conditions, 
diurnal activity with some bouts dispersed in 
darkness can be observed. When in free running 
conditions (DrL), it is common to observe that activity 
is spread all over each circadian cycle; however a 
main bout of activity can be followed indicating a 
circadian profile. When LiCl in drinking water was 
given (indicated by an arrow on the left side of 
actogram), no immediate effect on period was 

observed. In A, activity phase seems to be more 
consolidated and change in free running period was 
observed from day 45. In B, splitting in activity was 
observed from day 33 and these two components 
free run until next LD. Empty days in actograms are 
due to technical failure. When exposed to LD cycles, 
both animals showed strong nocturnal profiles by 
day 75; however, unstable phase relationship can 
be seen in B. 
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Figure 2 Actograms of two male gerbils. In A, after day 50, activity bout becomes less disperse and when in LD 
shows nocturnal instead of diurnal as in initial entrainment. Activity in B splits during chronic administration of LiCl. 
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Period and activity changes 
Figure 3 shows the average of the free 

running period (FRP) without LiCl administration 
(indicated with a) and three consecutive segments of 
10 days (b, c and d) after using lithium in water. 
Statistical differences were observed in males (dark 
bars) since the first 10 days after beginning drinking 
LiCl solution. By other hand, period average in 
females displayed at the beginning a shortening in 

the period, then until after 20 days of ingest a 
lengthening was observed in the population. 
Average activity length was also affected during the 
first days of consuming LiCl (fig 4). Both males and 
females increased total hours of activity spread all 
over the circadian cycle; however this tendency 
persisted in males during all the time they were 
drinking LiCl, while females decreased activity by the 
10th day. 
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Figure 3 Free running period in controls and after LiCl administration in drinking water. Stars denote significant 
differences regarding controls (a) and blocks of 10 consecutive days while drinking LiCl (b, c and d). A lengthening 
is observed in males (dark bars) while at the beginning a shortening was seen in females (clear bars). 
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Figure 4 Average activities displayed between control condition and days after chronically drinking LiCl in water.     
An effect on increasing was observed in males (dark bars) while in females (clear bars) only during the first 10 days. 
Stars denote differences regarding control (a). 

 
Discussion 

Activity wheel running in long term recordings 
seem to be a reliable method for analyzing FRP of 
circadian rhythms in Mongolian gerbils. Although a 
disperse pattern of activity is consistent in all 
organisms tested, which mean that this species does 
not show a consistent rest phase during the 
circadian cycle. There are no differences in FRP 
between genders before consuming LiCl, and both 
display average periods larger than 24 hr, indicating 
a diurnal rhythms regarding Aschoff´s rule4 which is 
consistent with other studies26. 

Irregular locomotor activity patterns arises the 
question about the way in which therapeutics for 
bipolarity may have an impact on the activity 
structure in a species such as the gerbil. It is known 
that bipolar patients have less stable and more 
variable circadian activity patterns than controls. 

Irregular circadian activity in bipolar patients is 
present even when not acutely ill15.  

At the present study we observed that 
chronically drinking a solution of LiCl water produce 
changes differentially in some circadian rhythm 
parameters regarding the gender.  Lithium lengthens 
free running circadian period in most of the species 
studied. Its action seems to be mainly through the 
activity of the enzyme GSK3 β35. In the present study, 
such effects were confirmed in males; however 
females displayed in average a lengthening in FRP 
after 20 days of drinking LiCl in regular water. 
Overall quantification of drink solution of LiCl during 
three consecutive weeks, indicated that males drink 
larger volumes (541.2±15.21 ml)  than females 
(413.7±26.43 ml) which may indicate that the 
lengthening effect lately observed in females might 
be due to a delayed reaching of the needed 
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concentrations to provoke the length in FRP. Gender 
differences have been reported regarding drinking 
behavior where males usually drink more volume 
than females24.  Also gender differences in activity 
were not noted in controls as observed elsewhere27. 
Nevertheless is not clear why there is at the 
beginning a shortening in FRP. 

It is likely that endocrine differences may 
interfere on the effect of circadian regulation       
in different species of mammals11. The recent 
association of circadian rhythms physiology and 
mood disorders suggest that also sex differences 
observed in bipolar affections may have some 
relationship in the existence of sex differences in the 
sensitivity to lithium therapeutics affects patients 
regarding gender23. Together with the aforemen-
tioned, there is a possibility that in animal models 
used for studying pharmaceutical effects of drugs 
requires more attention regarding gender9,19. 

             

3. Aguilar-Roblero R, Salazar-Juarez A, Rojas-
Castañeda J, Escobar C, Cintra L. Organization of 
circadian rhythmicity and suprachiasmatic nuclei in 
malnourished rats. Am J Physiol. 1997 Oct; 273(4 
Pt 2):R1321-31.  

Disturbances of circadian rhythms are being 
more frequent in the industrialized world (jet lag, 
shift work). Most of these disturbances are 
accompanied with some other clinical illness 
condition such as obesity, sleep and psychiatric 
disorders including affective disorders. It is of 
particular attention that affective disorders are 
related with decreased circadian amplitude of 
several rhythms as well as a phase advance or 
delay29. Treatment with lithium changes FRP and 
phase relationship with zeitgebers, indicating a close 
association of the mood disorders symptoms  and 
regulation of circadian rhythms. 
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