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pocampus becomes more active when subjects are allowed to 
sleep following a learning task.8

Stimulants, mostly caffeinated beverages are increasingly being 
relied upon to maintain alertness, increase awareness and re-
press the need for sleep in situations of sleep loss. Caffeine is a 
common central nervous system stimulant24 which has also been 
shown to be important in the modulation of learning and mem-
ory functions.25 Caffeine has been shown to enhance cognitive 
function in both clinical and animal studies,26 it also alleviates 
memory impairment in animal models of brain disorders includ-
ing Alzheimer disease25,27,28 and Parkinson disease.29 Although 
several studies have shown that caffeine and sleep deprivation 
have both positive and negative effects respectively on learning 
and memory, the impact of caffeine and sleep deprivation, in 
combination, on cognitive function is still a matter of debate. 
Little or no work has yet been done on the effect of caffeine 
and sleep deprivation on spatial and non spatial learning and 
memory and hence this study was designed. Our intention was 
to study the effect of caffeine and sleep deprivation combination 
on spatial and non spatial learning and memory.

Methods

Subjects

Swiss Webster mice (Empire Breeders, Osogbo, Osun State, Ni-
geria) weighing 18–20 g at the commencement of this study 
were used. Mice were housed in plastic cages measuring 
16 × 12 × 10 inches (6 mice in each cage). Housing is a tem-
perature-controlled (22.5°C ± 2.5°C) quarters with 12 hours of 
light. Mice had free access to food and water except during the 
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Introduction

The mammalian brain normally goes 
through cycles of neural and metabolic 
activity associated with distinct biological 
states of wake and sleep.1 Sleep is a natural 
physiological process whose hallmark is the 
cyclic occurrence of two main stages: non-
rapid-eye movement (non-REM) sleep fol-

lowed by a rapid-eye movement (REM) sleep with the duration 
of the REM sleep being shorter.2 Of crucial importance is sleep in 
the adequate functioning of memory and neuronal plasticity,3–5 
coupled with reinforcement of connections between neuronal 
networks for memory consolidation in the hippocampus with 
optimal sleep.6,7 Increased hippocampal activity is seen during 
sleep following a learning task;8 this increment enhances hip-
pocampal dependent memory.9 In humans however, pressure to 
excel often result in self-imposed sleep restriction. Considering 
how many hours of overnight sleep is actually ‘enough’; seven 
to eight hours of sleep has been deemed vital for optimal cogni-
tive performance. 

Sleep deprivation (SD) has been defined as either a complete or 
partial lack of sleep.10 Deficits in cognitive function as a result 
of sleep loss have been reported globally.11 Ample evidence ex-
ists in support of a correlation between sleep deprivation and 
memory impairment in humans and animals.5,12–17 Some stud-
ies have reported that SD prior to learning reduced learning 
ability and impaired memory;18,19 others argue that SD follow-
ing learning impairs memory formation.20–22 While sleep loss 
causes a significant decrease in hippocampal activity23 the hip-
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Background: Sleep deprivation negatively impacts memory, causing deficits in memory processes. Of inter-
est is any agent that can offset such deficits. Mice were given varying doses of caffeine for 14 days and 
then deprived of sleep for 6 hours by the ‘gentle handling’ method. Memory was assessed using the Novel 
Object Recognition Test and Y maze alternation.
Purpose: The study was designed to ascertain the impact of varying doses of caffeine combined with total 
sleep-deprivation on spatial and non spatial memory in mice.
Methods: Adult Swiss Webster mice of both sexes were assigned to six groups viz., vehicle (distilled water), 
or one of five selected doses of caffeine (10, 20, 40, 80 and 120 mg/kg) for 14 days via the oral route. 
Open field novel object recognition test and Y maze spatial working memory tests were carried out on 
day 14. Results were analysed using multi-factorial ANOVA followed by Tukey HSD test and expressed as  
mean  ±  S.E.M, with p values less than 0.05 were considered statistically significant.
results: Novel object recognition tests (NOR) revealed that pre-training and pre-test sleep deprivation and 
caffeine combination impaired non spatial and spatial memory in male and female mice.
Conclusion: The study shows the complex interactions with memory that may arise when total sleep depri-
vation is superimposed on caffeine administration.
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behavioural tests. The experimental protocol was approved by 
the University Animal Ethics Committee. All guidelines appli-
cable applying to animal safety and care were observed.

Apparatus/Behavioural testing

The behavioural models included the open field for the novel 
object recognition (NOR) test and Y maze for spatial learning 
and memory tests. Mice in respective groups received vehicle 
(distilled water) or one of five doses of caffeine (10, 20, 40, 80 
and 120 mg/kg) orally for a period of 14 days. Neurobehav-
ioural study was carried out on day 14 for Y maze spontaneous  
alternation (last dose of caffeine or vehicle was administered 
30 minutes before the test). Mice were sleep deprived for 
6 hours before test; and for the NOR test, acclimatization com-
menced on day 10; the acquisition phase was on day 13 (mice 
received caffeine/ vehicle 30 minutes before training) and test 
was on day 14 (caffeine or vehicle was administered 30 minutes 
before test), mice were sleep-deprived for 6 hours pre-training 
and pre-test. Mice in the sleep deprivation group were sub-
jected to ‘gentle handling’ which consists of keeping the ani-
mal awake by tapping on the cage and, if necessary, by gently 
touching them with a soft brush if behavioural signs of sleep 
are observed. The animals were gently handled for 6 hours and 
immediately submitted to behavioural tasks. At the beginning 
of the behavioural test, each animal was placed in the appara-
tus and videotaped for subsequent analysis. 

Novel object recognition test (Open Field Box) or NOR test

The experimental apparatus consisted of an open-field box 
(36 × 30 × 26 cm). The apparatus was located in a quiet room. 
The NOR test was performed according to the method report-
ed.30,31 All groups of mice were subjected to three phases: ac-
climation, acquisition and test, and scores were recorded. For 
acclimation, the mouse was placed into the NOR chamber (an 
open field box) and allowed to explore freely for 10 minutes 
daily for three days. No objects were placed in the box during 
the acclimation trial. Following acclimation, the acquisition tri-
al was conducted by placing the mouse in the field; two novel 
objects were symmetrically fixed to the floor of the box 5 cm 
from the walls. The objects were constructed from a ping-pong 
ball, a cylindrical bottle cover and a piece of Lego brick, which 
were different in shape and colour but similar in size. Mice 
were allowed to explore the two objects for 10 minutes (day 
4), and exploratory activity (i.e., the time spent exploring each 
object) was recorded. After 24 hours (day 5), mice were re-ex-
posed to one of the objects of the acquisition phase, together 
with a novel object (not used in acquisition phase). Once again, 
animals were allowed to explore freely for 5 minutes and the 
time spent exploring each object was recorded. A mouse was 
considered to be involved in exploratory behaviour when its 
head was oriented directly towards the object and within ap-
proximately 1–2 cm from it. For test data, the percentage of 
exploration time spent at the novel object was determined.

The choice for novel or familiar object was counterbalanced, 
and the position of each object was also alternated between tri-
als to avoid any misinterpretation of data. After each exposure, 
the objects and test chamber were cleaned with 5% ethanol to 
eliminate odour cues. Subsequently, the following indices were 
estimated. Discrimination ratio (DR) was the exploration differ-
ence between the novel(N) and familiar(F) object divided by the 
total ET (DR = N-F/N + F).32 Recognition index (RI) consisted of 
dividing novel object exploration by the total ET (N/N + F).33,34

Y maze analysis

Spontaneous alternation is a measure of spatial working mem-
ory. The Y-maze can be used as a measure of short term mem-
ory. In this study spontaneous alternation was assessed using a  
Y- maze composed of three equally spaced arms (120°, 41 cm 
long and 15 cm high). The floor of each arm is made of wood 
and is 5 cm wide. Each mouse was placed in one of the arm 
compartments and was allowed to move freely until its tail com-
pletely entered another arm. The arms were labeled A, B and C. 

An alternation is defined as entry into all three arms consecu-
tively, for instance if the animal makes the following arm entries; 
ACB,CA,B,C,A,CAB,C,A, in this example, the animal made 13 arm 
entries, 8 of which are correct alternations. The number of maxi-
mum spontaneous alternations consists of total number of arms 
entered minus two, and the percentage alternation is calculated 
as {(actual alternations /maximum alternations) x 100}. For each 
animal, the Y-maze testing was carried out for 5 minutes. The 
apparatus was cleaned with 5% alcohol and allowed to dry be-
tween sessions. 

Statistical Analysis

Data was analysed using Chris Rorden’s ezANOVA statistical 
package, (version 0.98). Hypothesis testing was performed 
using analysis of variance (ANOVA). Multi-factorial ANOVA 
models were used to test effects of dose, gender and sleep 
deprivation on novel object recognition test parameters and 
Y maze spontaneous alternation. Tukey HSD test was used for 
within and between group comparisons. Results are expressed 
as mean ± S.E.M, p values less than 0.05 were considered sta-
tistically significant.

results

Novel object recognition test 

Total exploration time (Acquisition phase)

First, we ascertained the effect of six hours of total sleep depri-
vation and caffeine (10, 20, 40, 80 and 120 mg/kg) administra-
tion on the total exploration time during the acquisition phase 
in male and female mice following the novel object recognition 
test. There was a significant effect of caffeine dose (p = 0.000) 
and sleep deprivation (p = 0.000). A strong association be-
tween caffeine dose and gender (p = 0.000), caffeine dose and 
sleep deprivation and between all three main factors (caffeine 
dose, gender and sleep deprivation) was also observed, even 
though the lack of a effect of gender (p = 0.532) alone was 
also evident. 

Figure 1 summarises the comparative response of sleep deprived 
and non sleep deprived male and female mice administered with 
increasing doses of caffeine to corresponding vehicle. Signifi-
cant reduction in total exploration time was seen at all doses of 
caffeine in sleep deprived females and at 10 (p = 0.000), 20 
(p = 0.002) and 40 (p = 0.000) mg/kg in non sleep deprived fe-
males when compared to vehicle control. In non sleep deprived 
males there was a significant (p = 0.000) increase in total ex-
ploration time at caffeine doses at caffeine doses of 20, 80 and 
120 mg/kg while in sleep deprived males the total exploration 
time increased at 40 mg/kg dose of caffeine as compared to  
vehicle. 

Comparing response of SD mice to NSD mice with vehicle, there 
was a significant increase in total exploration time in both SD 
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male (p = 0.000) and female (p = 0.003) mice. Comparisons 
of the effect of sleep deprivation in male and female mice at 
varying doses of caffeine revealed increase in total exploration 
time at 20 (p = 0.000) and 40 (p = 0.000) mg/kg in SD female 
mice and at 10 (p = 0.000), 20 (p = 0.046), 40 (p = 0.000) and  
80 (p = 0.000) mg/kg in SD male mice as compared to NSD 
mice, at 10 (p = 0.000) mg/kg in SD females and at 120 
(p = 0.000) mg/kg in male mice total exploration time reduced 
significantly when compared to NSD mice as shown in Table 1. 

Effects of gender following vehicle or caffeine administration 
in sleep deprived and non sleep deprived mice showed that 
in females compared to males, total exploration time of sleep 
deprived mice increased significantly in VEH (p = 0.002) and 
at 10 (p = 0.000), 40 (p = 0.011) and 80 (0.002) mg/kg of 

caffeine, while at 20 mg/kg total exploration time decreased 
significantly. In non sleep deprived mice, total exploration time 
decreased significantly at 10 (p = 0.001), 20 (p = 0.000), 40 
(p = 0.000) and 80 (p = 0.010) mg/kg, and increased signifi-
cantly following VEH (p = 0.010) and at 120 (p = 0.000) mg/kg  
of caffeine as shown in Table 2.

Novel object exploration time

We also examined the effect of six hours of total sleep depri-
vation and caffeine (10, 20, 40, 80 and 120 mg/kg) admin-
istration on the novel object exploration time in male and  
female mice. Caffeine dose (p = 0.000) and sleep deprivation 
(p = 0.000) exerted significant effects while sleep deprivation 
as an independent factor (P = 0.187) did not have a significant 
effect. Strong associations were seen between caffeine dose 
and gender (p = 0.000), caffeine dose and sleep deprivation 
and between all three main factors (caffeine dose, gender and 
sleep deprivation).

Figure 2 compares the response of sleep deprived and non 
sleep deprived male and female mice respectively to corre-
sponding vehicle (distilled water). Compared to mice admin-
istered with vehicle, sleep deprived female mice showed a sig-
nificant increase in novel object exploration time at 20 mg/kg 
(p = 0.000) and a significant reduction at 40 (p = 0.01) and 
120 (p = 0.000) mg/kg of caffeine, in non sleep deprived fe-
males novel object exploration time increased significantly at 
10 (p = 0.000) and 40 (p = 0.000) mg/kg. Sleep deprived male 
mice showed a significant increase in novel object exploration 
time at 20 (p = 0.000) and 40 (p = 0.000) mg/kg and a signifi-
cant reduction in novel object exploration time was seen at 10 
(p = 0.000), 20 (p = 0.001) and 80 (p = 0.000) mg/kg in non 
sleep deprived male mice administered caffeine compared to 
vehicle. 

Comparing sleep deprived to non sleep deprived mice follow-
ing administration of vehicle, novel object exploration time 
increased significantly in female (p = 0.000) and decreased  

Table 1: effects of sleep deprivation on total exploration time in mice. Mean ± s.e.M, VeH: Vehicle. *αp<0.05. Comparison of means 
between sleep deprived (sd) and non sleep deprived (Nsd) mice of same gender, n = 6

dose groups Male Nsd, Mean 
(s.e.M)

Male sd Mean 
(s.e.M)

F Tukey Hsd Test p value

VEH 15.67 ± 2.94 46.83 ± 10.17 61.2 7.21 0.000*

10 15 ± 2.53 43 ± 4.38  “ 13.56 0.000*

20 40.67 ± 8.89 51 ± 6.66  “ 2.28 0.046*

40 12.83 ± 4.4 89.5 ± 11.48  “ 15.27 0.000*

80 28.83 ± 1.47 52.5 ± 10.63  “ 5.40 0.000*

120 37.67 ± 7.5 14.33 ± 3.14  “ 7.03 0.001α

dose groups Female Nsd Mean 
(s.e.M)

Female sd Mean 
(s.e.M)

F Tukey Hsd Test p value

VEH 44.5 ± 8.31 66.33 ± 10.93 61.2 3.39 0.003*

10 25.5 ± 2.81 15.5 ± 3.62  “ 5.35 0.000α

20 26.83 ± 6.74 35.67 ± 3.83  “ 2.79 0.02*

40 18.67 ± 1.21 39.5 ± 3.67  “ 13.19 0.000*

80 39.83 ± 6.4 34.5 ± 8.02  “ 1.27 0.232

120 46 ± 8.05 46.17 ± 11.87  “ 0.03 0.978

Fig. 1: Effect of Caffeine on total exploration time in non sleep de-
prived (NSD) and sleep deprived (SD) mice in the novel object recogni-
tion test. Each bar represents Mean ± S.E.M, *p<0.05 compared to 
vehicle n = 6.
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Table 2: effects of gender on total exploration time in male and female mice: Mean ± s.e.M, VeH: Vehicle. *αp<0.05 Comparison of 
means between male and female mice, n = 6.

dose groups Male Nsd, Mean 
(s.e.M)

Female Nsd Mean 
(s.e.M)

F Tukey Hsd test p value

VEH 15.67 ± 2.94 44.5 ± 8.31 42.8 8.01 0.000*

10 15 ± 2.53 25.5 ± 2.81 “ 6.80 0.000*

20 40.67 ± 8.89 26.83 ± 6.74 “ 3.04 0.013α

40 12.83 ± 4.4 18.67 ± 1.21 “ 3.13 0.011*

80 28.83 ± 1.47 39.83 ± 6.4 “ 4.10 0.002*

120 37.67 ± 7.5 46 ± 8.05 “ 1.86 0.093

dose groups Male sd Mean 
(s.e.M)

Female sd Mean 
(s.e.M)

F Tukey Hsd test p value

VEH 46.83 ± 10.17 66.33 ± 10.93 42.8 3.20 0.01*

10 43 ± 4.38 15.5 ± 3.62 “ 11.85 0.000α

20 51 ± 6.66 35.67 ± 3.83 “ 4.89 0.001α

40 89.5 ± 11.48 39.5 ± 3.67 “ 10.61 0.000α

80 52.5 ± 10.63 34.5 ± 8.02  “ 3.31 0.008*

120 14.33 ± 3.14 46.17 ± 11.87  “ 6.35 0.000*

Fig. 2: Effect of Caffeine on novel object exploration time in non sleep 
deprived (NSD) and sleep deprived (SD) mice in the novel object recog-
nition test. Each bar represents Mean ± S.E.M, *p<0.05 compared to 
vehicle, n = 6.

significantly in male (p = 0.000) sleep deprived mice compared 
to non sleep deprived mice. Between group comparisons of the 
effect of sleep deprivation in male and female mice at varying 
doses of caffeine revealed a significant increase in novel object 
exploration time at 20 (p = 0.000) and 80 (p = 0.000) mg/kg 
in female mice and at 20 (p = 0.001) mg/kg in male mice as 
shown in Table 3. 

Effects of gender following vehicle or caffeine administration in 
sleep deprived and non sleep deprived mice was also analysed. 
Result showed that in females compared to males novel ob-
ject exploration time was significantly increased following VEH 
(p = 0.000) and at 80 (p = 0.000) mg/kg of caffeine in sleep de-
prived mice and in non sleep deprived mice at 10 (p = 0.000). 

Novel object exploration time decreased significantly in females 
compared to males at 40 (p = 0.012) mg/kg in SD mice and in 
non sleep deprived mice following VEH (p = 0.000) and at 20 
(0.037) mg/kg of caffeine as shown in Table 4.

Recognition index

The effect of six hours of total sleep deprivation and caffeine 
(10, 20, 40, 80 and 120 mg/kg) administration on the rec-
ognition index in male and female mice following the novel 
object recognition test was also evaluated. Multifactorial 
ANOVA of all three main factors revealed significant {caffeine 
dose (p = 0.000), sleep deprivation (p = 0.000) and gender 
(p = 0.043) effect and very strong interactions between caf-
feine dose and gender (p = 0.000), caffeine dose and sleep 
deprivation and within all three main factors (caffeine dose, 
gender and sleep deprivation).

Comparing within group effects in sleep deprived and non 
sleep deprived male and female mice respectively against ve-
hicle (distilled water) showed statistically significant increase in 
the recognition index (RI) in NSD female mice at 10 (p = 0.000) 
20 (p = 0.001), 40 (p = 0.002) and 80 (p = 0.000) mg/kg and 
a significant reduction in recognition index in NSD males at 10  
(p = 0.003), 40 (p = 0.002), 80 (p = 0.000) and 120 (p = 0.000) 
mg/kg, in SD females recognition index increased significantly  
at 20 (p = 0.013)mg/kg and decreased significantly at 10 
(p = 0.043), 80 (p = 0.000) and 120 (p = 0.001) mg/kg, SD 
males showed a significant reduction in recognition index at 
120 (p = 0.000) mg/kg of caffeine compared to corresponding 
vehicle as shown in Figure 3.

Comparing recognition indices between SD and NSD male 
and female mice respectively following administration of ve-
hicle revealed a significant reduction in recognition index in SD 
males (p = 0.001) and an increase in SD females (p = 0.008) 
when compared to NSD mice administered vehicle. Between 
group comparisons of the effect of sleep deprivation in male 
and female mice at varying doses of caffeine revealed a  
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Table 3: effects of sleep deprivation on novel object exploration time in mice. Mean ± s.e.M, VeH: Vehicle. *αp<0.05 Comparison of 
means between sleep deprived (sd) and non sleep deprived (Nsd) mice of same gender, n = 6.

dose groups Male Nsd Mean 
(s.e.M)

Male sd Mean 
(s.e.M)

F Tukey Hsd test p value

VEH 15.5 ± 0.56 4.5 ± 1.15 27.0 8.61 0.000α

10 6.83 ± 1.01 6.83 ± 0.6  “ 0.00 1.000

20 9.17 ± 1.19 19.33 ± 1.99  “ 4.37 0.001*

40 15.33 ± 1.15 13.5 ± 1.26  “ 1.08 0.3065

80 4.67 ± 1.12 6.67 ± 0.49  “ 1.64 0.1322

120 9.67 ± 5.41 3.17 ± 0.83  “ 1.19 0.2623

dose groups Female Nsd Mean 
(s.e.M)

Female sd Mean 
(s.e.M)

F Tukey Hsd test p value

VEH 5.83 ± 0.83 14.17 ± 1.05 27.0 6.23 0.000*

10 36.33 ± 1.28 9 ± 1.51  “ 13.82 0.000α

20 4.83 ± 1.35 23.5 ± 1.77  “ 8.39 0.000*

40 17 ± 1 7.33 ± 1.58  “ 5.16 0.000α

80 4.5 ± 0.56 13.33 ± 0.8  “ 9.01 0.000*

120 5.5 ± 0.72 3.67 ± 0.61  “ 1.94 0.081

Table 4: effects of gender on novel object exploration time in mice: Mean ± s.e.M, VeH: Vehicle. *αp<0.05 Comparison of means 
between male and female mice, n = 6.

dose groups Male Nsd Mean 
(s.e.M)

Female Nsd Mean 
(s.e.M)

F Tukey Hsd test p value

VEH 15.5 ± 0.56 5.83 ± 0.83 20.2 9.61 0.000α

10 6.83 ± 1.01 36.33 ± 1.28 “ 18.05 0.000*

20 9.17 ± 1.19 4.83 ± 1.35 “ 2.40 0.037α

40 15.33 ± 1.15 17 ± 1 “ 1.10 0.2986

80 4.67 ± 1.12 4.5 ± 0.56 “ 0.13 0.8965

120 9.67 ± 5.41 5.5 ± 0.72 “ 0.76 0.4626

dose groups Male sd Mean 
(s.e.M)

Female sd Mean 
(s.e.M)

F Tukey Hsd test p value

VEH 4.5 ± 1.15 14.17 ± 1.05 20.2 6.23 0.000*

10 6.83 ± 0.6 9 ± 1.51 “ 1.34 0.260

20 19.33 ± 1.99 23.5 ± 1.77 “ 1.56 0.148

40 13.5 ± 1.26 7.33 ± 1.58 “ 3.05 0.012α

80 6.67 ± 0.49 13.33 ± 0.8 “ 7.07 0.000*

120 3.17 ± 0.83 3.67 ± 0.61 “ 2.12 0.06

significant reduction in recognition index at 10 (p = 0.000), 20 
(p = 0.036) and 80 (p = 0.010) mg/kg in SD female mice and at 
20 (p = 0.012) mg/kg in SD male mice compared to NSD mice 
as shown in Table 5. 

Effects of gender following vehicle or caffeine administration in 
sleep deprived and non sleep deprived mice showed statistical-
ly significantly increase in recognition index at 10 (p = 0.001) 
and 40 (p = 0.034) mg/kg of caffeine in non sleep deprived 
female mice compared to males. SD mice showed significant 
increase at 20 (p = 0.015), 40 (0.013) and 120 (p = 0.047) mg/

kg and significant reduction at 80 (p = 0.001) mg/kg in females 
compared to male mice as shown in Table 6.

Discrimination ratio

Effects of six hours of total sleep deprivation and caffeine (10, 
20, 40, 80 and 120 mg/kg) administration on discrimination ra-
tio in male and female mice using the novel object recognition 
test was also studied. Multifactorial ANOVA revealed signifi-
cant main effect of caffeine dose (p = 0.000), sleep depriva-
tion (p = 0.000), gender (p = 0.001) and very strong group 
interactions between caffeine dose and gender (p = 0.000), 
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Fig. 3: Effect of Caffeine on recognition index in non sleep deprived 
(NSD) and sleep deprived (SD) mice in the novel object recognition test. 
Each bar represents Mean ± S.E.M, *p<0.05 compared to vehicle, n = 6.

Table 5: effects of sleep deprivation on novel object recognition index in male mice: Mean ± s.e.M, VeH: Vehicle. *αp<0.05 Compari-
son of means between sleep deprived (sd) and non sleep deprived (Nsd) mice, n = 6. 

dose groups Male Nsd, Mean (s.e.M) Male sd Mean (s.e.M) F Tukey Hsd Test p value

VEH 74.9 ± 1.78 58.83 ± 2.22 9.67 6.72 0.001α

10 61 ± 2.42 58.45 ± 1.6  “ 0.74 0.494

20 76.0 ± 3.02 60.09 ± 2.83  “ 3.88 0.012α

40 57.16 ± 2.14 57.21 ± 0.56  “ 0.02 0.983

80 54.5 ± 1.77 60.24 ± 2.6  “ 2.54 0.052

120 39.18 ± 1.99 36.66 ± 1.33  “ 0.94 0.389

dose groups Female Nsd Mean (s.e.M) Female sd Mean (s.e.M) F Tukey Hsd Test p value

VEH 46.9 ± 2.29 60.93 ± 1.59  9.67 4.32 0.008*

10 85.22 ± 2.4 59 ± 0.98  “ 3.46 0.000α

20 81.8 ± 4.19 70.72 ± 1.44  “ 2.84 0.036α

40 62.71 ± 0.79 62.93 ± 1.53  “ 0.13 0.904

80 56.82 ± 2.98 43.42 ± 1.23  “ 4.00 0.010α

120 42.24 ± 0.71 42.94 ± 1.41  “ 0.54 0.609

Table 6: effects of gender on novel object recognition index in mice: Mean ± s.e.M, VeH: Vehicle. *αp<0.05 Comparison of means 
between male and female mice, n = 6.

dose groups Male Nsd, Mean (s.e.M) Female Nsd Mean (s.e.M) F Tukey Hsd test p value

VEH 74.9 ± 1.78 46.9 ± 2.29 20.5 12.13 0.000α

10 61 ± 2.42 85.22 ± 2.4  “ 7.07 0.001*

20 76.0 ± 3.02 81.8 ± 4.19  “ 0.87 0.4243

40 57.16 ± 2.14 62.71 ± 0.79  “ 2.91 0.034*

80 54.5 ± 1.77 56.82 ± 2.98  “ 0.82 0.447

120 39.18 ± 1.99 42.24 ± 0.71  “ 1.99 0.103

dose groups Male sd Mean (s.e.M) Female sd Mean (s.e.M) F Tukey Hsd test p value

VEH 58.83 ± 2.22 60.93 ± 1.59  20.5 1.16 0.299

10 58.45 ± 1.6 59 ± 0.98  “ 0.46 0.664

20 60.09 ± 2.83 70.72 ± 1.44  “ 3.65 0.015*

40 57.21 ± 0.56 62.93 ± 1.53  “ 3.78 0.013*

80 60.24 ± 2.6 43.42 ± 1.23  “ 5.30 0.003α

120 36.66 ± 1.33 42.94 ± 1.41  “ 2.62 0.047*

caffeine dose and sleep deprivation (p = 0.000) and within all 
three main factors (caffeine dose, gender and sleep depriva-
tion) (p = 0.000).

Comparing the response seen within sleep deprived and non 
sleep deprived groups in both male and female mice respective-
ly (distilled water) revealed statistically significant increase in 
the discrimination ratio in NSD female mice at 10 (p = 0.000), 
20 (p = 0.000) and 40 (0.042) mg/kg, and in SD females at  
20 (p = 0.006) mg/kg, discrimination ratio reduced significant-
ly in NSD females at 120 (p = 0.000) mg/kg and in SD females 
at 80 (p = 0.047) and 120 (p = 0.001) mg/kg. In NSD males 
discrimination ratio decreased significantly at 10 (p = 0.000),  
40 (p = 0.000) and 120 (p = 0.000) mg/kg and increased sig-
nificantly at 20 (p = 0.000), while in SD males discrimination 
ratio decreased significantly at 120 mg/kg (p = 0.000) com-
pared to corresponding vehicle as shown in Figure 4.

Comparing discrimination ratios between sleep deprived and 
non sleep deprived male and female mice respectively follow-
ing administration of vehicle, revealed a significant reduction 
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in males (p = 0.01) and a slight increase in females (p = 0.082) 
but non-significant. Between group comparisons of the effect 
of sleep deprivation in male and female mice at varying doses 
of caffeine revealed a significant reduction in discrimination ra-
tio at 10 (p = 0.000), 20 (p = 0.029),80 (p = 0.000) and 120 
(p = 0.001) mg/kg in female mice and at 20 (p = 0.000) mg/
kg in male mice, at all other doses in both male and females, 
discrimination ratio was reduced although not statistically sig-
nificant as shown in Table 7. 

Effects of gender following vehicle or caffeine administration in 
sleep deprived and non sleep deprived mice showed that in fe-
males compared to males discrimination ratio decreased signifi-
cantly following VEH (p = 0.000) and at 120 (p = 0.000) mg/kg 
and increased significantly at 10 (p = 0.000) mg/kg of caffeine 

in non sleep deprived mice. In sleep deprived mice however dis-
crimination ratios increased significantly at 20 (p = 0.001) mg/kg  
and decreased significantly at 40 (p = 0.001), 80 (p = 0.013) 
and 120 (p = 0.000) mg/kg in females compared to males as 
shown in Table 8.

Effect of caffeine on Y maze spontaneous alternation

The effect of six hours of total sleep deprivation and caffeine 
(10, 20, 40, 80 and 120 mg/kg) administration on spontaneous 
alternation following 5 minutes of exploration in the Y maze 
was assessed in male and female mice. Results from Multifac-
torial ANOVA showed significant effects in two of the three 
main factors in this study, {caffeine dose (p = 0.000) and sleep 
deprivation (p = 0.000)} while gender (p = 0.296) did not ex-
ert a significant effect. Strong associations also exist between 
caffeine dose and gender (p = 0.000), caffeine dose and sleep 
deprivation, gender and sleep deprivation (p = 0.000) and also 
within all three main factors; caffeine dose, gender and sleep 
deprivation (p = 0.000).

Within group interaction in sleep deprived and non sleep de-
prived animals male and female mice respectively compared to 
vehicle (distilled water) showed significant decrease in sponta-
neous alternation at 20 (p = 0.012) and 80 (p = 0.001) mg/kg in 
NSD females. In SD females however, spontaneous alternation 
increased significantly at 20 (p = 0.003) and 40 (p = 0.002) 
mg/kg and decreased significantly at 80 (p = 0.011) mg/kg. 
Non sleep deprived male mice showed a significant increase in 
spontaneous alternation at 10 (p = 0.002), 20 (p = 0.017), 40 
(p = 0.000) and 80 (p = 0.010) mg/kg while SD males showed 
significant increments at 20 (p = 0.005) and 80 (p = 0.012) 
mg/kg of caffeine compared to vehicle as shown in Figure 5. 

Comparisons between sleep deprived and non sleep deprived 
male and female mice respectively following administration 
of vehicle revealed no significant difference in either male 
or female mice. Between group comparisons of the effect of 
sleep deprivation in male and female mice at varying doses of  

Fig. 4: Effect of Caffeine on discrimination ratio in non sleep deprived 
(NSD) and sleep deprived (SD) mice in the novel object recognition 
test. Each bar represents Mean ± S.E.M, *p<0.05 compared to vehicle, 
n = 6.

Table 7: effects of sleep deprivation on discrimination ratio in mice: Mean ± s.e.M, VeH: Vehicle. *αp<0.05 Comparison of means 
between sleep deprived (sd) and non sleep deprived (Nsd) male and female mice, n = 6. 

dose groups Male Nsd Mean 
(s.e.M)

Male sd Mean 
(s.e.M)

F Tukey Hsd test p value

VEH 0.47 ± 0.04 0.17 ± 0.05 9.98 4.86 0.001α

10 0.19 ± 0.04 0.16 ± 0.03  “ 0.83 0.426

20 0.6 ± 0.04 0.22 ± 0.05  “ 5.91 0.000α

40 0.18 ± 0.04 0.14 ± 0.02  “ 1.09 0.299

80 0.12 ± 0.1 0.12 ± 0.07  “ 1.64 0.1322

120 -0.33 ± 0.1 -0.33 ± 0.1  “ 0.00 0.9623

dose groups Female Nsd Mean 
(s.e.M)

Female sd Mean 
(s.e.M)

F Tukey Hsd test p value

VEH 0.16 ± 0.01 0.23 ± 0.03 9.98 1.93 0.082

10 0.62 ± 0.05 0.18 ± 0.02  “ 8.78 0.000α

20 0.68 ± 0.08 0.44 ± 0.05  “ 2.55 0.029α

40 0.24 ± 0.02 0.26 ± 0.03  “ 0.59 0.567

80 0.14 ± 0.06 -0.15 ± 0.02  “ 9.01 0.000α

120 -0.16 ± 0.01 -0.14 ± 0.04  “ 6.94 0.001α
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caffeine revealed a significant increase in spontaneous alterna-
tion at 20 (p = 0.000) and 40 (p = 0.008) mg/kg and a signifi-
cant reduction at 80 (p = 0.000) mg/kg in SD compared to NSD 
female mice. SD male mice showed significant reduction in 
spontaneous alternation at 10 (p = 0.000) and 40 (p = 0.000) 
mg/kg of caffeine compared to NSD males as shown in Table 9. 

Effects of gender following vehicle or caffeine administration in 
sleep deprived and non sleep deprived mice showed significant 
increase in spontaneous alternation following VEH (p = 0.012)
and significant reduction in alternation at 20 (p = 0.002), 40 
(p = 0.000) and 80 (p = 0.006) mg/kg in NSD females compared 
to males. In SD mice spontaneous alternation increased signifi-
cantly at 10 (p = 0.001), 20 (p = 0.002) and 40 (p = 0.000) mg/kg  

and reduced significantly at 80 (p = 0.000) mg/kg in females 
compared to males as shown in Table 10.

discussion

This study was designed to examine how certain aspects of 
memory may be affected by sub chronic oral caffeine of in-
creasing doses and total sleep deprivation by the gentle han-
dling method; study was done using adult male and female 
mice. Examinations of effects of caffeine dose, gender and 
total sleep deprivation in a three factor model using spatial 
and non spatial memory tasks were conducted. The findings 
of this study show all three factors independently have strong 
impacts on memory and also reveal very strong interactions 
among these factors.

The object recognition task exploits the natural exploratory ac-
tivity of rodents toward spatial novelty to assess the detection 
of spatial relocation of a known object and is critically depen-
dent on the hippocampus.35 Caffeine administration before  
30 minutes of training impaired memory acquisition in NSD fe-
male mice and improved it in NSD male mice. However caffeine 
administered 30 minutes pre-test improved memory retention 
in NSD females at lower doses and had no effect at higher 
doses, while in NSD males, it showed a biphasic response. In 
NSD female mice, ability to recognize novel object improves 
with caffeine administration while it is impaired in males. Pre-
test caffeine administration improves object discrimination in 
females at lower doses and worsens it at higher doses. In males 
object discrimination gave a biphasic response. Results of  
Y maze spontaneous alternation revealed that pre test caffeine 
administration impaired memory in female mice while in male 
mice, memory was improved. This finding is consistent with our 
previous study where we gave acute intraperitoneal caffeine to 
mice. This leads to the understanding that caffeine response is 
not affected by duration or route of administration, corrobo-
rating other studies that have reported the ability of caffeine 
to enhance memory irrespective of the route of administration 

Table 8: effects of gender on discrimination ratio in mice: Mean ± s.e.M, VeH: Vehicle. *αp<0.05 Comparison of means between male 
and female mice, n = 6.

dose groups Male Nsd Mean 
(s.e.M)

Female Nsd Mean 
(s.e.M)

F Tukey Hsd test p value

VEH 0.47 ± 0.04 0.16 ± 0.01 12.0 8.11 0.000α

10 0.19 ± 0.04 0.62 ± 0.05 “ 7.23 0.000*

20 0.6 ± 0.04 0.68 ± 0.08 “ 0.92 0.381

40 0.18 ± 0.04 0.24 ± 0.02 “ 1.41 0.189

80 0.12 ± 0.1 0.14 ± 0.06 “ 0.33 0.747

120 -0.33 ± 0.1 -0.16 ± 0.01 “ 7.11 0.000α

dose groups Male sd Mean 
(s.e.M)

Female sd Mean 
(s.e.M)

F Tukey Hsd test p value

VEH 0.17 ± 0.05 0.23 ± 0.03 12.0 0.90 0.392

10 0.16 ± 0.03 0.18 ± 0.02 “ 0.78 0.454

20 0.22 ± 0.05 0.44 ± 0.05 “ 3.02 0.001*

40 0.14 ± 0.02 0.26 ± 0.03 “ 3.20 0.001α

80 0.12 ± 0.07 -0.15 ± 0.02 “ 7.07 0.013α

120 -0.33 ± 0.1 -0.14 ± 0.04 “ 2.12 0.000α

Fig. 5: Effect of Caffeine on spontaneous alternation in non sleep de-
prived (NSD) and sleep deprived (SD) mice in the Y maze. Each bar rep-
resents Mean ± S.E.M, *p<0.05 compared to vehicle, n = 6.
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or subject.26,28 Mechanisms underlying memory changes with 
caffeine remain a matter of continuous debate and study. En-
hancement of cholinergic transmission is believed to be one 
of the prime candidates. We also observed in previous studies 
that the ability of caffeine to enhance memory is more obvious 
against a background of central cholinergic deficit as it occurs 
with aging or scopolamine administration.

Sleep plays a critical role in learning and memory formation. 
Studies have demonstrated that sleep deprivation in animals 
lead to memory deficits.6,17 Pre-training and pre-test sleep de-
privation improved total exploration time, novel object explo-

ration time, novel object recognition index and discrimination 
ratio in female vehicle treated mice. In males it worsens novel 
exploration time, discrimination ratio and novel object recogni-
tion index but improves total exploration time. This suggests 
that in females pre training SD enhanced memory acquisition 
and allowing post training sleep may have facilitated memory 
consolidation and hence retention, but pre test SD did not alter 
memory retrieval in them. In males pre training SD impaired 
memory acquisition, pre test SD impaired memory retention 
and retrieval. Administration of caffeine in sleep deprived male 
and female mice showed mixed effects, asserting both gender 
sensitive and dose dependent response. The impact of SD on 

Table 9: effects of sleep deprivation on Y maze spontaneous alternation in mice: Mean ± s.e.M, VeH: Vehicle. *αp<0.05 Comparison 
of means between sleep deprived (sd) and non sleep deprived (Nsd) male and female mice, n = 6. 

dose groups Male Nsd Mean 
(s.e.M)

Male sd Mean 
(s.e.M)

F Tukey Hsd test p value

VEH 62.65 ± 3.78 63.87 ± 2.19 12.6 0.28 0.786

10 79.52 ± 1.46 61.15 ± 2.37  “ 6.59 0.000α

20 74.18 ± 1.35 72.45 ± 0.99  “ 1.04 0.324

40 97.68 ± 1.24 59.23 ± 2.22  “ 15.11 0.000 α

80 78.23 ± 3.19 72 ± 1.49  “ 1.77 0.1072

120 58.12 ± 2.77 56.82 4.17  “ 0.26 0.800

dose groups Female Nsd Mean 
(s.e.M)

Female sd Mean 
(s.e.M)

F Tukey Hsd test p value

VEH 75.32 ± .61 69.05 ± 2.38 12.6 2.18 0.054

10 77.25 ± 2.61 73.68 ± 1.29  “ 1.23 0.248

20 60.43 ± 2.92 81.43 ± 1.98  “ 5.96 0.000*

40 75.28 ± 0.46 80.12 ± 1.38  “ 3.32 0.008*

80 67.08 ± 0.28 61.42 ± 0.64  “ 8.14 0.000α

120 64.73 ± 7.29 63.68 ± 2.96  “ 0.13 0.897

Table 10: effects of gender on Y maze spontaneous alternation in mice: Mean ± s.e.M, VeH: Vehicle. *αp<0.05 Comparison of means 
between male and female mice, n = 6.

dose groups Male Nsd Mean 
(s.e.M)

Female Nsd Mean 
(s.e.M)

F Tukey Hsd test p value

VEH 62.65 ± 3.78 75.32 ± .61 32.9 3.09 0.012*

10 79.52 ± 1.46 77.25 ± 2.61 “ 0.76 0.466

20 74.18 ± 1.35 60.43 ± 2.92 “ 4.28 0.002α

40 97.68 ± 1.24 75.28 ± 0.46 “ 7.08 0.000α

80 78.23 ± 3.19 67.08 ± 0.28 “ 3.48 0.006α

120 58.12 ± 2.77 64.73 ± 7.29 “ 0.85 0.416

dose groups Male sd Mean 
(s.e.M)

Female sd Mean 
(s.e.M)

F Tukey Hsd test p value

VEH 63.87 ± 2.19 69.05 ± 2.38 32.9 1.60 0.140

10 61.15 ± 2.37 73.68 ± 1.29 “ 4.65 0.001*

20 72.45 ± 0.99 81.43 ± 1.98 “ 4.07 0.002*

40 59.23 ± 2.22 80.12 ± 1.38 “ 7.98 0.000*

80 72 ± 1.49 61.42 ± 0.64 “ 6.52 0.000α

120 56.82 4.17 63.68 ± 2.96 “ 1.34 0.209
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memory processes i.e., acquisition, consolidation and retrieval 
is a complex process, believed to depend on the neurobehav-
ioural model used.36 Several studies have reported that pre-
training SD alters acquisition and memory retention in humans 
and rodents.23,37 Impairment in memory tasks have been re-
ported in rodents using varying behavioural models38–41 which 
support our finding in male mice, where SD impairs memory. 
Combination of caffeine and sleep deprivation results in a bi-
phasic response in males and females and for the most part the 
effect seen was deterioration from SD control. 

Pre-training SD in Y maze tests showed impairment of spa-
tial learning in female SD controls and no significant effect 
in males. Administration of caffeine led to spatial memory 
improvement in females and in males biphasic response 
was recorded. Studies related to the effect of SD on spatial 
learning reported mixed results, with some studies report-
ing that pre-training SD slows memory acquisition41 and oth-
ers finding no effect,42 support the biphasic response of our  
study.

We conclude that effects of SD and caffeine on memory de-
pend on various competing factors in the experimental ani-
mals. As we have said earlier, caffeine is a known enhancer 
of central cholinergic transmission and this is believed to be 
responsible for improvement in our study. On the other hand, 
sleep deprivation is known to impair memory by its negative 
effects on glutamatergic neurotransmission. We hypothesize 
that enhanced cholinergic transmission is pitted against im-
paired glutamatergic transmission for memory enhancement, 
which is further modulated by the influence of sex hormones. 
Overall, we observed that caffeine administration cannot fully 
compensate for memory deficits occurred by total sleep de-
privation. 

Conclusion

In conclusion, the study shows the complex nature of memory 
formation, retention and retrieval in opposite sex of animals in 
response to total sleep deprivation superimposed with caffeine 
administration.
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