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Methyl jasmonate ameliorates memory deficits in mice exposed to 
passive avoidance paradigm

Passive avoidance task is a rodent model of memory in which 
the animal learns to avoid an aversive stimulus precipitated by 
fear and it is always accompanied by inhibition of motor behavior. 
We have shown in our previous studies that methyl jasmonate 
(MJ), a bioactive compound isolated from Jasminum grandiflo-
rum demonstrated memory enhancing effect in hippocampal-de-
pendent memory tasks such as Y-maze and object recognition 
tests in mice. This present study was designed to investigate if 
MJ could ameliorate memory deficits associated majorly with the 
activation of the amygdala in response to an aversive stimulus in 
the passive avoidance paradigm. The present study also evaluat-
ed the effect of MJ on scopolamine (SC)- and lipopolysaccharide 
(LPS)-induced memory impairment  in the passive avoidance 
paradigm. Mice were given intraperitoneal (i.p) injection of MJ 
(10-40 mg/kg), donepezil, DP (1 mg/kg) or vehicle daily for 7 
days before testing for memory using passive avoidance step-
down apparatus. In the interaction studies, the effects of SC (3 
mg/kg, i.p.) or LPS (250 µg/kg, i.p.) given alone or with MJ (10, 
20, 40 mg/kg) or DP (1 mg/kg) for 7 consecutive days were also 
evaluated. SC and LPS were injected 30 min after MJ or DP 
administration. The time it took (step-down latency) the mouse 
to step down from the elevated vibrating platform onto the grids 
(electrified stainless steel bars on the floor of the cage), which 
indicates memory function was recorded. Our findings revealed
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that MJ (10-40 mg/kg, i.p.) ameliorated memory 
deficits induced by electric shock in the passive 
avoidance test. MJ (10-40 mg/kg, i.p.) also at-
tenuated memory impairment induced by SC (3 
mg/kg) or LPS (250 µg/kg) in mice subjected to 
the shock in the passive avoidance task. Taken 
together, this study provides additional behav-
ioral data, which further supports the potential 
usefulness of MJ in conditions associated with 
memory decline. 

Keywords:  Methyl jasmonate, memory deficit, 
passive avoidance, lipopolysaccharide, scopol-
amine

Introduction 

Memory impairment results in the inability of 
the individuals to retain and recall learned 
information and knowledge of past events [1]. 
Several behavioral animal models such as Morris 
water maze, Y-maze, Barnes maze and object 
recognition are routinely used to assess novel 
compounds with memory enhancing effects in 
rodents [2-3]. However, these models unlike 
passive avoidance task do not employ aversive 
stimuli associated with fear as a condition of 
learning and memory acquisition [4-5]. Also, the 
brain fear center, amygdala is known to play 
a prominent role in the response of animals in 
the passive avoidance task even though the 
hippocampus is also  involved in memory and 
learning in this behavioral model of cognition 
[6-8]. In the passive avoidance task, the animal 
learns to suppress a motor response to avoid 
exposure to the test area associated with or 
predictive of the aversive event, such as  stepping 
down from the elevated platform onto the electric 
grid  or a dark compartment of the passive 
avoidance apparatus that is usually preferred 
over the brightly illuminated compartment [5,9]. 
Thus, it is a fear conditioning emotional memory, 
which involves a recall of adverse experiences 
that provoke the animal to inhibit its behavior in 
order to avoid the unpleasant situations like the 
shock [6-9].  The passive avoidance test is very 
unique as a model of studying the interaction 
between punishment or aversive conditions 

and memory acquisition, which is quite crucial 
for the survival of the organisms (5-10). Thus, 
this study was carried out to further evaluate the 
memory promoting effects of methyl jasmonate 
(MJ) and its ability to reverse SC- and LPS-
induced cognitive dysfunctions in mice exposed 
to aversive stimulus in the passive avoidance 
task. It is worthy to note that SC and LPS are 
commonly used to induce memory deficits in 
experimental animals and for the detection of 
novel compounds with anti-amnesic effects [11-
13]. Memory impairment caused by SC is known 
to be related to antagonism of central cholinergic 
system whereas neuroinflammation has been 
implicated in the amnesic effect of LPS (11-13). 

Methyl jasmonate (MJ) is an anti-stress hormone 
release by plants in response to abiotic and 
biotic stressors, but was however; first isolated 
from the flower of Jasminum grandiflorum, a 
beautiful ornamental and medicinal plant found 
in most tropical regions of the world [14-16]. It is 
interesting to note that MJ is very safe for human 
consumption, as it is present in most of the food 
we consumed as fruits and vegetables (16). It 
is also consumed as tea and used traditionally 
to relieve stress and tension; for treatment of 
depression and memory deteriorations [17]. 
Several studies have highlighted its health 
benefits against cancer, depression, amnesia 
and other neuropsychiatric disorders (14, 16, 
18-21).  Although we have reported in our 
previous studies that MJ improves memory and 
attenuated scopolamine or lipopolysaccharide-
induced amnesia in object recognition and Y 
maze tests in mice [20-21], its effect on memory 
acquisition and consolidation in response to an 
aversive stimulus in passive avoidance task 
is yet to be investigated. Thus, this behavioral 
study was done to test for the memory promoting 
effect of MJ and its ability to reverse SC- and 
LPS-induced cognitive dysfunctions in mice 
exposed to aversive stimulus in the passive 
avoidance task.

2. Materials and methods

2.1. Laboratory animals

Adult albino Swiss mice weighing 22–25 g used 
in the study were obtained from the Central 
Animal House, University of Ibadan and were 
kept in plastic cages at room temperature with 
12:12 h light–dark cycle. They were fed with 
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balanced rodent pellet diet and water ad libitum. 
Animals were acclimatized for at least one 
week before commencement of experiments. 
The experimental procedures were approved 
by the University of Ibadan Animal Care and 
Use Research Ethics Committee (UI-ACUREC/
App/2015/030) and performed in accordance 
with the NIH Guidelines for the Care and Use of 
Laboratory Animals. 

2.2. Drugs and chemicals

Methyl jasmonate (Sigma, Germany), donepezil 
(Pfizer, USA), scopolamine (BDH Chemicals 
Ltd., England) and lipopolysaccharide (Sigma, 
Germany) were used in the study.

2.3. Preparation of methyl jasmonate

The procedure for preparation of MJ and 
doses chosen for the study were based on the 
information previously reported by Eduviere et 
al., [21]. 

Experimental procedures

Passive Avoidance step-down paradigm

The effect of MJ on retention and retrieval of 
memory was assessed utilizing the passive 
avoidance step-down apparatus as previously 
described [22]. The step-down apparatus 
consists of a 28(w) x 23(d) x 26(h) cm perplex 
box with an electrified cage floor (40, 0.2cm 
stainless steel bars spaced 0.5cm apart) and an 
elevated vibrating platform (7cm).  The animals 
were randomly distributed into treatment groups 
(n = 6) and were given MJ (10, 20, 40 mg/
kg), DP (1 mg/kg) or vehicle (10 mL/kg) for 7 
consecutive days. In the interaction studies, the 
effects of SC (3 mg/kg, i.p.) or LPS (250 µg/kg, 
i.p.) given alone or with MJ (10, 20, 40 mg/kg) 
or DP (1 mg/kg) for 7 consecutive days were 
also assessed. SC and LPS were injected 30 
min after MJ or DP administration. Then, mice 
were placed individually on the elevated platform 
and, when the animal steps off the platform, a 
shock was induced. In this model, the one-trial 
step-down inhibitory avoidance was employed; 
which comprised of training and test sessions. 
In the training session; which was done on day 
7, mice were placed individually on the elevated 
platform. Each animal received a scrambled foot 
shock of 0.5 mA for 5 s immediately it stepped 

down with its four paws on the grid. Thereafter, 
the animal was removed from the apparatus. In 
the test session, which was conducted 24 h after 
the training session; the mouse was also placed 
on the elevated platform but did not receive foot 
shock. The time it took (step-down latency) the 
mouse to step down from the elevated vibrating 
platform onto the grids (electrified stainless steel 
bars on the floor of the cage), which indicates 
memory was measured.

2.5. Statistical analysis

The data were analyzed using Graph Pad Prism 
software version 4.0 and expressed as mean ± 
S.E.M. Statistical analysis was done using one-
way ANOVA, followed by Newman–Keuls post-
hoc test. P values less than 0.05 were considered 
statistically significant.

3. Results

MJ increases step-down latency in passive 
avoidance task

The effect of MJ given daily for 7 days on memory 
function as measured by passive avoidance 
test is shown in Figure 1. MJ (10-40 mg/kg, 
i.p.) produced a significant (p < 0.05) increase  
in the latency to step-down from the vibrating 
elevated platform in comparison with vehicle, 
which suggest anti-amnesic activity (Fig. 1). The 
reference drug, donepezil (1 mg/kg, i.p.) also 
demonstrated anti-amnesic effect in this model 
(Fig 1).

Methyl jasmonate attenuates memory 
deficits induced by scopolamine in passive 
avoidance test

The effect of pretreatment of mice with MJ on 
SC-induced amnesia in passive avoidance task 
is shown in Figure 2. Intraperitoneal injection of 
SC (3 mg/kg, i.p) once daily for 7 consecutive 
days produced significant (p < 0.05) decrease  
in step-down behaviors of mice when compared 
with vehicle suggesting amnesic effect or 
memory impairment. However, as shown in 
Figure 2, MJ (10-40 mg/kg, i.p) or DP (1 mg/kg, 
i.p) administered daily for 7 days significantly (p < 
0.05) attenuated SC (3 mg/kg)-induced memory 
deficits in mice.
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Fig. 1. Effect of methyl jasmonate on memory performance in passive avoidance step-down test in mice. Val-
ues represent the mean ± S.E.M. for 6 animals per group. *p < 0.05 compared with control group (ANOVA 
followed by Newman–Keuls test).    

Fig. 2. Effect of methyl jasmonate on step-down latency in scopolamine- treated mice. Values represent the 
mean ± S.E.M. for 6 animals per group. #p < 0.05 compared with control group (ANOVA followed by New-
man–Keuls post hoc test). *p < 0.05 compared with scopolamine group (ANOVA followed by Newman–Keuls 
post hoc test).
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Effect   of   methyl jasmonate on 
lipolysaccharide- induced memory 
impairment

As shown in Figure 3, intraperitoneal injection 
of LPS (250 µg/kg) for 7 consecutive days 
decreased the latency to step-down from the 
vibrating platform onto the electric grid of the 
passive avoidance apparatus relative to the 
vehicle indicating memory impairment. However, 
MJ reversed the memory deficits (p < 0.05) 
induced by LPS (250 µg/kg) in mice in a similar 
manner to DP (1 mg/kg, i.p) in the passive 
avoidance task (Fig. 3).

Discussion 

The effect of MJ on retention and retrieval 
of memory was assessed in this study using 
passive avoidance test. This model is employed 
in screening the effect of compounds on implicit 
memory and it involves learning ability to avoid 
an aversive stimulus. Since, this is a form of 
punishment to the natural exploratory drive of 
a rodent; the animal tends to avoid the area 
containing the aversive stimulus [5, 22]. This 
involves both explicit, associative component 
and operant-like conditioning, which is being 
considered as a type of implicit memory [22]. Our 

results further showed that MJ has anti-amnesic 
effect as evidenced by a significant prolongation  
in the step-down latency in the passive avoidance 
task.  Moreover, cognitive impairment induced 
by SC or LPS as shown by decrease step-
down latency was also attenuated by MJ. These 
findings further support our previous studies, 
which showed that MJ has memory enhancing 
effect in Y-maze and object recognition animal 
model of cognition (20-21). 

Several behavioral animal models of cognition 
exist in literature [2-3] however the passive 
avoidance task is very unique, as it employed 
aversive stimuli as a conditioned process of 
learning and memory acquisition (4-8). Also, the 
brain fear center, amygdala has been reported 
to play a prominent role in the response of 
animals in the passive avoidance task whereas 
the hippocampus is majorly involved in memory 
and learning in other animal models of cognition 
[7-8]. In the passive avoidance task, the animal 
learns to suppress a motor response to avoid 
exposure to the test area associated with or 
predictive of the aversive event, such as stepping 
down from the platform on the electric grid  or 
a dark compartment of the passive avoidance 
apparatus that is normally preferred over the 
brightly illuminated compartment [5,9]. Thus, it 

Fig. 3. Effect of methyl jasmonate on step-down latency in lipopolysaccharide-treated mice. Values represent 
the mean ± S.E.M. for 6 animals per group. #p < 0.05 compared with control group (ANOVA followed by 
Newman–Keuls post hoc test). *p < 0.05 compared with scopolamine group (ANOVA followed by Newman–
Keuls post hoc test).
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is a fear conditioning emotional memory, which 
involves a recall of adverse experiences that 
provoke the animal to inhibit its behavior in order 
to avoid the unpleasant situations like the shock.    
The passive avoidance apparatus is very unique 
as a model of studying the interaction between 
punishment or aversive conditions and memory 
acquisition, which is quite crucial for the survival 
of organism [6-10].  Thus, the findings that MJ 
prolonged the step-down latency indicate that 
it may help the organisms to recall the aversive 
experience associated with aversive situations 
that typify good memory.

Scopolamine and LPS are commonly used to 
induce memory deficits in experimental animals 
and for the detection of compounds with anti-
amnesic effects [11-13]. Memory impairment 
caused by SC is known to be related to 
inhibition of central cholinergic system whereas 
neuroinflammation has been implicated in the 
amnesic effect of LPS (11-13). It has been 
reported that central cholinergic dysfunction and 
a deregulated neuroinflammatory processes 
are closely connected with the pathophysiology 
of AD [23-26]. In addition, the memory deficits 
produced by SC and LPS have been reported be 
related to changes in neuronal functions that are 
similar to AD pathology [23-28]. Although this 
investigation provides additional behavioral data 
that supported the memory enhancing effect of 
MJ, further studies are ongoing in our laboratory 
to elucidate the mechanism (s) underlying its 
anti-amnesic effect in the passive avoidance 
task. 

In conclusion, the present study showed that 
methyl jasmonate exhibited memory promoting 
effect and attenuated cognitive dysfunctions 
produced by SC or LPS in passive avoidance 
model, which further confirmed its potential 
usefulness in conditions associated with 
cognitive deteriorations.

Conflict of interest statement

The authors declare that there are no conflicts of 
interest.

Acknowledgments

The authors are grateful to Professors E.A. 
Bababumi and O.G. Ademowo for introducing 
methyl jasmonate to us.

								      
								      
								      
								      
							     
	  

References

[1] Arzi A, Hemmati AA, Karampour NS, Khorasgani 
ZN.  Effect of methyl-phenidate on retention and 
retrieval of passive avoidance memory in young 
and aged mice.  Jundishapur J Health Sci,   2014; 
6:1-5. 

[2] Dawson GR, Heyes CM, Iversen SD. Pharmaco-
logical mechanisms and animal models of cogni-
tion.  Behav Pharmacol, 1992; 3: 286–297. 

[3] Hughes RN (2004). “The value of spontaneous al-
ternation behavior (SAB) as a test of retention in 
pharmacological investigations of memory”. Neu-
rosci Biobehav Rev, 2004; 28: 497-505. 

[4] Fendt M, Fanselow MS. The neuroanatomical and 
neurochemical basis of conditioned fear. Neurosci 
Biobehav Rev, 1999; 23:743–760 

[5] Gold PE. The use of avoidance training in studies 
of modulation of memory storage. Behav Neural 
Biol, 1986; 46: 87–98.

[6] McGaugh JL. The amygdala modulates the con-
solidation of memories of emotionally arousing 
experiences. Annu Rev Neurosci, 2004; 27:1–28 
[7] McGaugh JL. Emotional arousal and enhanced 
amygdala activity: New evidence for the old per-
severation-consolidation hypothesis. Learning and 
Learning, 2005; 12: 77-79.

[8] Baarendse PJJ, van Grootheest G, Jansen RF, 
Pieneman AW, O¨ gren SO, Verhage M, Stiedl O. 
Differential involvement of the dorsal hippocampus 
in passive avoidance in C57BL/6J and DBA/2J 
mice. Hippocampus, 2008; 18:11–19.

[10] O¨ gren SO. Evidence for a role of brain sero-
tonergic neurotransmission in avoidance learning. 
Acta Physiol Scand, 1985; 125:1–71.

[11] Hodges  DB,  Lindner MD, Hogan JB,  Jones KM,  
Markus EJ. Scopolamine induced deficits in a bat-
tery of rat cognitive tests: comparisons of sensi-
tivity and specificity. Behavioural Pharmacology, 
2009; 20:237–251.

[12] Deng XH, Li M, Ai1 W, He L, Lu D, Patrylo PR,  
Cai H,  Luo X,  Li ZX, Yan X-X. Lipolysaccha-
ride-induced neuroinflammation is associated with 
Alzheimer-like amyloidogenic axonal pathology 
and dendritic degeneration in rats. Advances in 
Alzheimer’s Disease, 2014; 3: 78-93.   

[13] Allison DJ, Ditor DS. The common inflammatory 
etiology of depression and cognitive impairment: 
a therapeutic target. J Neuroinflammation, 2014; 
11:151. 

[14] Fingrut O, Flescher E. Plant stress hormones 
suppress the proliferation and induce apoptosis in 



Anthony T. Eduviere et al., IJNR, 2017; 1:6

IJNR: http://escipub.com/international-journal-of-neuroscience-research/                 0007

human cancer cells Leukemia, 2002; 16: 608–616.

[15] Demole E, Lederer E, Mercier D. Isolement et de-
termination de la structure du jasmonate de meth-
yl, constituent odoerant caracterisque de l’essence 
de jassmin. Helv Chim Acta, 1962; 45: 675–685. 

[16] Cesari IM,  Carvalho E,  Rodrigues MF,   Men-
donça BS,   Amôedo ND,  Rumjanek FD. Meth-
yl jasmonate: Putative mechanisms of ac-
tion on cancer cells cycle, metabolism, and 
apoptosis. International Journal of Cell Biolo-
gy, 2014; 2014: Article ID  572097, 25 pages 
http://dx.doi.org/10.1155/2014/572097

[17] Kuroda K, Inoue N, Ito Y, Kubota K, Sugimoto A, 
Kakuda T, Fushiki T. Sedative effects of the jas-
mine tea odor and (R)-(−)-linalool, one of its ma-
jor odor components, on autonomic nerve activity 
and mood states. Eur J Appl Physiol, 2005; 95: 
107–114.

 [18] Umukoro S, Alabi AO, Aladeokin AC. Antidepres-
sant activity of methyl jasmonate, a plant stress 
hormone in mice. Pharmacol, Biochemist & Be-
hav, 2011; 98: 8-11.

[19] Umukoro S, Eduviere AT, Aladeokin AC.  Anti-ag-
gressive activity of methyl jasmonate and the prob-
able mechanism of its action in mice.  Pharmacol 
Biochem Behav, 2012; 101: 271–277. 

[20] Eduviere AT, Umukoro S, Aderibigbe A.O, Ajayi 
AM, Adewole FA. Methyl jasmonate enhances 
memory performance through inhibition of oxi-
dative stress and acetylcholinesterase activity in 
mice. Life Science, 2015; 132: 20-26. 

[21] Eduviere AT,  Umukoro S,   Adeoluwa OA,  Omog-
biya IA, Aluko OM. Possible mechanisms involved 
in attenuation of lipopolysaccharide-induced mem-
ory deficits by methyl jasmonate in mice. Neuro-
chemical Research, 2016; 41:3239–3249.

[22] Bermúdez-Rattoni F, Introini-Collison I, Cole-
man-Mesches K, McGaugh JL.  Insular cortex and 
amygdala lesions induced after aversive training 
impair retention: effects of degree of training. Neu-
robiol Learn Mem, 1997; 67: 57-63. 

[23] Carnahan RM, Lund BC, Perry PJ et al. The An-
ti-cholinergic Drug Scale as a measure of drug-re-
lated anti-cholinergic burden: Associations with 
serum anti-cholinergic activity. J Clinn Pharmacol, 
2006; 46:1481–1486. 

[24] Bartus RT, Dean RL III, Beer B, Lip-
pa AS (1982) The cholinergic hypothesis 
of geriatric memory dysfunc-
tion. Science, 1982; 217:408–414 
[25] Hauss-Wegrzyniak B, Dobrzanski P, Stoerh 
JD, Wenk GL.  Chronic neuroinflammation in rats 
re-produces components of the neurobiology of 

Alzheimer’s disease. Brain Res, 1998; 780: 294-
303.  

[26] Deng XH, Li M, Ai1 W, He L, Lu D, Patrylo PR,  
Cai H,  Luo X,  Li ZX, Yan X-X. Lipolysaccha-
ride-induced neuroinflammation is associated with 
Alzheimer-like amyloidogenic axonal pathology 
and dendritic degeneration in rats. Advances in 
Alzheimer’s Disease, 2014; 3: 78-93.  

[27] Sheng JG, Bora SH, Xu G, Borchelt DR, Price DL, 
Koliatsos VE.  Lipopolysaccharide-induced-neu-
roinflammation increases intracellular accumula-
tion of amyloid precursor protein and amyloid β 
peptide in APPswe transgenic mice. Neurobiology 
of Disease, 2003; 14: 133-145

[28] Hauss-Wegrzyniak B, Dobrzanski P, Stoerh JD, 
Wenk GL.  Chronic neuroinflammation in rats 
re-produces components of the neurobiology of 
Alzheimer’s disease. Brain Res, 1998; 780: 294-

303.  

 


