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ABSTRACT 
State -dependent learning is the phenomenon through which memory retrieval is most efficient when an individual is in 
the same state of consciousness as they were when the memory was formed. M. officinalis has also terpenoides that is 
useful in memory and learning.  Moreover nicotine can affect on memory and learning by nicotinic receptors of 
hippocampus cholinergic system. The present study was conducted on the effects of Melissa Officinalis (MO) extract on 
SDL in mice.p 66 male mice were selected and allocated to 8 groups (n=6).To study memory in mice using passive 
avoidance method to measure step-down latency. The obtained results showed that injection of pre- training of nicotine 
(0.1mg/kg) and pre – testing of Melisa officinalis extract25 mg/kg intraperitoneally can improve memory and also and 
pre – testing of nicotine ( 0.1mg/kg) and pre- training of extract ( 25 mg/kg( intraperitoneally can improve memory .  
Interaction effect of nicotine and Varangboo improves memory. 
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INTRODUCTION 
M. officinalis enhances	memory	and	relieves	stress	[1].	One	of	the	main	properties	of	M. officinalis is	 its	
antioxidant	 property	 which	 is	 due	 to	 the	 presence	 of	 special	 compounds	 in	 it.	 M. officinalis extract	 has	
polyphenolic	 compounds,	 such	 as	 quercetin,	 gallic	 acid,	 as	 well	 as	 flavonoids,	 aldehyde,	 and	 tannin	
compounds.	Due	to	its	medicinal	properties,	M. officinalis has	been	used	in	other	studies	for	examining	its	
effectson	 Alzheimer,	 memory,	 learning,	 and	 depression.	 [2]	 .Melissa	 Officinalis	 L.	 (Labiatae)	 has	 been	
frequently	 used	 in	 Iranian	 traditional	 medicine	 to	 treat	 neurological	 disorders	 such	 as	 depression	 and	
anxiety,	 and	 it	 is	 also	 mentioned	 as	 a	 memory	 enhancing	 herb	 [3].The	 extract	 of	 M. officinalis has	 a	
cholinergic	property	[4].	
As	 well	 as	 neurotropic	 action	 [5]	 Nicotine	 enhances	 attention	 and	 cognitive	 performance	 [6].nAChR	
agonists,	including	nicotine,	enhance	cognition,	memory	and	promote	learning	by	actions	in	a	number	of	
different	 brain	 circuits;	 however,	 the	 underlying	 mechanisms	 are	 yet	 not	 completely	 under-	 stood	 [7-
9].Neuronal	nicotinic	acetylcholine	receptors	(nAChRs)	are	widely	expressed	throughout	the	brain	[10].	
The	 aim	 of	 present	 article	 is	 to	 give	 a	 brief	 overview	 of	 effects	 of	 hydro-alcoholic	 extract	 of	 Melissa	
officinalis	(Lemon	Balm)	on	morphine	state	–	dependent	learning	in	mice.	
 
MATERIALS AND METHODS 
Animals 
Mice	 weighed	 25±30	 g	 were	 used	 at	 the	 beginning	 of	 the	 study.	 The	 animals	 were	 purchased	 from	 the	
Pasteur	institute	of	Iran.	6	animals	were	housed	per	cage	in	clear	polycarbonate	cages,	maintained	under	
a	12:12-h	 light/	dark	cycle,	and	given	access	to	food	and	water	ad libitum	 .Behavioral	testing	was	done	
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over	 a	 3-day	 period.	 Animals	 were	 kept	 under	 standard	 conditions	 (temperature	 20
relative	 humidity)	and	returned	to	12
10min	for	6–7days.	
Plant extraction procedure  
Dried leaves were ground to a fine powder.
The	 powdered	 leaves	 (50g)	 were	 macerated	 in	 distilled	 water	 (500ml)	 at	 room	 temperature	 for	 24h.	
Subsequently,	the	mixture	was	filtered	using	W
vapor	of	the	water	bath	and	dried	under	vacuum.	The	yield	of	extract	was	31.6%	(w/w)
RESULTS 
pre- training  and pre- testing effect  of morphine on step down 
Latency (SDL) 
The	 effect	 of	 pre-training	 and	 pre
examined	 in	 three	 groups.	 As	 figure	 1	 shows,	 in	 group	 which	 received	 morphine	 (1,3	 mg/kg)	 before	
training,	 significant	 decrease	 was	 observed	 (.**P<0.01)	 compared	 to	 control	 group	 on	 the	 step	 down	
latencies	(SDL).	Compared	to	control	group,	significant	increase	was	observed	(*p<0.05)	in	the	step
latencies	 (STD)	 in	 group	 which	 received	 morphine	 (1,3mg/kg)	 before	 testing.	 Moreover,	 morphine	 (3	
mg/kg)	could	 enhance	memory	as	much	as	control.	Also,	significant	ma
was	not	observed	in	groups	which	received	morphine	(1,3mg/kg)	before	testing	and	morphine	(3mg/kg)	
before	training,	comparing	with	control	group.

Figure	1:	pre-	training	and	pre
Significant	difference	between	saline	+	saline	(**P<0.01)
Significant	difference	between	saline	+saline	(*P<0.05)

 
Pre- training and pre- testing effect of nicotine on step down 
Latency (SDL) 
Figure	 2	 shows	 significant	 increase	 and	 decrease	 was	 observed	 respectively	 (*P<0.05)	 in	 animals	 that	
received	 nicotine	 (0.01	 and	 0.1	 mg/kg)	 before	 training,	 compared	 with	 control
(***P<0.001)	 in	 the	 step-down	 latencies	 (STD).	 Compared	 with	 control	 group	 (saline),	 significant	
decrease	 was	 observed	 (**P<0.01)	 in	 effect	 of	 pre
received	nicotine	(0.1	mg/kg).	Furthermore
(SDL)	 in	 lower	 dose	of	ethanol	 (0.25g/kg)	 (*P<0.05)	 in	 the	animals	 that	received	ethanol	 (1,0.25	g/kg)	
before	training	and	nicotine	(0.01	mg/kg)	on	the	test	day,	compared	with	control	group	(sa
Effect of pre- testing and pre – training of
Latency (SDL) 
As	shown	in	Figure	3,	comparative	effect	of	Administered	varangbo
difference	 was	 not	 observed.	 significant	 increase	 was	 observed	 (##p<
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day	 period.	 Animals	 were	 kept	 under	 standard	 conditions	 (temperature	 20
relative	 humidity)	and	returned	to	12–12	h	 light/dark	 cycle	and	handled	once	a	 day	 for	approximately	

Dried leaves were ground to a fine powder. 
The	 powdered	 leaves	 (50g)	 were	 macerated	 in	 distilled	 water	 (500ml)	 at	 room	 temperature	 for	 24h.	
Subsequently,	the	mixture	was	filtered	using	Whatman	filter	paper.	The	filtrate	was	concentrated	over	the	
vapor	of	the	water	bath	and	dried	under	vacuum.	The	yield	of	extract	was	31.6%	(w/w)

testing effect  of morphine on step down  

training	 and	 pre-testing	 administration	 of	 morphine	 on	 stat-dependent	 learning	 was	
examined	 in	 three	 groups.	 As	 figure	 1	 shows,	 in	 group	 which	 received	 morphine	 (1,3	 mg/kg)	 before	
training,	 significant	 decrease	 was	 observed	 (.**P<0.01)	 compared	 to	 control	 group	 on	 the	 step	 down	

.	Compared	to	control	group,	significant	increase	was	observed	(*p<0.05)	in	the	step
latencies	 (STD)	 in	 group	 which	 received	 morphine	 (1,3mg/kg)	 before	 testing.	 Moreover,	 morphine	 (3	
mg/kg)	could	 enhance	memory	as	much	as	control.	Also,	significant	main	effect	 (Significant	difference)	
was	not	observed	in	groups	which	received	morphine	(1,3mg/kg)	before	testing	and	morphine	(3mg/kg)	
before	training,	comparing	with	control	group.	

	

training	and	pre-	testing	effect	of	morphine	on	state-dependent	learning
Significant	difference	between	saline	+	saline	(**P<0.01)	
Significant	difference	between	saline	+saline	(*P<0.05)	

Data	are	the	means	±	SEM	

testing effect of nicotine on step down  

Figure	 2	 shows	 significant	 increase	 and	 decrease	 was	 observed	 respectively	 (*P<0.05)	 in	 animals	 that	
received	 nicotine	 (0.01	 and	 0.1	 mg/kg)	 before	 training,	 compared	 with	 control

down	 latencies	 (STD).	 Compared	 with	 control	 group	 (saline),	 significant	
decrease	 was	 observed	 (**P<0.01)	 in	 effect	 of	 pre-testing	 administration	 of	 nicotine	 in	 animals	 that	
received	nicotine	(0.1	mg/kg).	Furthermore,	significant	increase	was	observed	in	the	step	down	latencies	
(SDL)	 in	 lower	 dose	of	ethanol	 (0.25g/kg)	 (*P<0.05)	 in	 the	animals	 that	received	ethanol	 (1,0.25	g/kg)	
before	training	and	nicotine	(0.01	mg/kg)	on	the	test	day,	compared	with	control	group	(sa

training of M. officinalis on step down  

As	shown	in	Figure	3,	comparative	effect	of	Administered	varangboo	(25	mg/kg)	before	testing	significant	
difference	 was	 not	 observed.	 significant	 increase	 was	 observed	 (##p<0.01)	 in	 effect	 of	 morphine	
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day	 period.	 Animals	 were	 kept	 under	 standard	 conditions	 (temperature	 20–210C,	 60–65%	
12	h	 light/dark	 cycle	and	handled	once	a	 day	 for	approximately	

The	 powdered	 leaves	 (50g)	 were	 macerated	 in	 distilled	 water	 (500ml)	 at	 room	 temperature	 for	 24h.	
was	concentrated	over	the	

vapor	of	the	water	bath	and	dried	under	vacuum.	The	yield	of	extract	was	31.6%	(w/w)	

dependent	 learning	 was	
examined	 in	 three	 groups.	 As	 figure	 1	 shows,	 in	 group	 which	 received	 morphine	 (1,3	 mg/kg)	 before	
training,	 significant	 decrease	 was	 observed	 (.**P<0.01)	 compared	 to	 control	 group	 on	 the	 step	 down	

.	Compared	to	control	group,	significant	increase	was	observed	(*p<0.05)	in	the	step-down	
latencies	 (STD)	 in	 group	 which	 received	 morphine	 (1,3mg/kg)	 before	 testing.	 Moreover,	 morphine	 (3	

in	effect	 (Significant	difference)	
was	not	observed	in	groups	which	received	morphine	(1,3mg/kg)	before	testing	and	morphine	(3mg/kg)	

	
dependent	learning	

Figure	 2	 shows	 significant	 increase	 and	 decrease	 was	 observed	 respectively	 (*P<0.05)	 in	 animals	 that	
received	 nicotine	 (0.01	 and	 0.1	 mg/kg)	 before	 training,	 compared	 with	 control	 group	 (saline)	

down	 latencies	 (STD).	 Compared	 with	 control	 group	 (saline),	 significant	
testing	 administration	 of	 nicotine	 in	 animals	 that	

,	significant	increase	was	observed	in	the	step	down	latencies	
(SDL)	 in	 lower	 dose	of	ethanol	 (0.25g/kg)	 (*P<0.05)	 in	 the	animals	 that	received	ethanol	 (1,0.25	g/kg)	
before	training	and	nicotine	(0.01	mg/kg)	on	the	test	day,	compared	with	control	group	(saline).		

(25	mg/kg)	before	testing	significant	
0.01)	 in	 effect	 of	 morphine	
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(3mg/kg)	 before	 training	 and	 saline	 before	 testing	 compared	 with	 morphine	 (3mg/kg)	 before	 training	
and	 varangboo	 before	 testing	 ,	 on	 step	 down	 latencies	 (SDL).	 A	 significant	 increase	 was	 observed	 in	
animals	 that	 received	 nicotine	 (0.1mg/kg)	 before	 training	 and	 saline	 before	 testing	 compared	 with	 a		
group	 which	 received	 nicotine	 (0.1mg/kg)	 before	 training	 and	 varangboo	 (25mg/kg)	 before	 testing	 on	
SDL	(●●p<0.01).	 	A	significant	 increase	was	observed	 in	a	 group	that	received	morphin
nicotine	(0.1mg/kg)	before	training	and	varangbo
morphine	(3	mg/kg)	before	training	and	varangbo
observed	(ΔP<0.05)	on		SDL	in	other	
varangboo	.	
	

Figure2.	The	effects	of	nicotine	on	inhibitory	avoidance	memory
Seven	groups	of	animals	were	used.	Five	groups	of	animals	received	pre

or	different	doses	of	nicotine	(0.1,	
ethanol(1,	0.25g/kg)	and	nicotine	(0.01mg/kg)	on	the	test	day	.	Data	are	the	means	±	SEM	*	significant	

 

Figure	3:pre-	training	effect	of	varangbo
Significant	difference	between	morphine	+	

+saline	(●●P<0.01).	Significant	difference	between	
difference	between	
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(3mg/kg)	 before	 training	 and	 saline	 before	 testing	 compared	 with	 morphine	 (3mg/kg)	 before	 training	
and	 varangboo	 before	 testing	 ,	 on	 step	 down	 latencies	 (SDL).	 A	 significant	 increase	 was	 observed	 in	

e	 (0.1mg/kg)	 before	 training	 and	 saline	 before	 testing	 compared	 with	 a		
group	 which	 received	 nicotine	 (0.1mg/kg)	 before	 training	 and	 varangboo	 (25mg/kg)	 before	 testing	 on	

.	 	A	significant	 increase	was	observed	 in	a	 group	that	received	morphin
nicotine	(0.1mg/kg)	before	training	and	varangboo	before	testing	compared	with	a	group	which	received	
morphine	(3	mg/kg)	before	training	and	varangboo		before	testing	(p<0.01).	A	significant	increase	was	

(ΔP<0.05)	on		SDL	in	other	comparison	between		morphine	+	nicotine+		varangbo

Figure2.	The	effects	of	nicotine	on	inhibitory	avoidance	memory
Seven	groups	of	animals	were	used.	Five	groups	of	animals	received	pre-training	and	pre	testing	,	saline	,	

or	different	doses	of	nicotine	(0.1,	0.01	mg/kg)	.Two	groups	of	animals		received	pre
ethanol(1,	0.25g/kg)	and	nicotine	(0.01mg/kg)	on	the	test	day	.	Data	are	the	means	±	SEM	*	significant	

difference	with	saline	+saline	group	

	
training	effect	of	varangboo	(25mg/kg)	on	control	(saline)	group	in	step	down	latency

Significant	difference	between	morphine	+	saline	(##P<0.01).	Significant	difference	between	nicotine	
Significant	difference	between	varangboo+	morphine	( P<0.01)	.

difference	between	varangboo+saline	( p<0.05);	Data	are	the	means	±	SEM
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(3mg/kg)	 before	 training	 and	 saline	 before	 testing	 compared	 with	 morphine	 (3mg/kg)	 before	 training	
and	 varangboo	 before	 testing	 ,	 on	 step	 down	 latencies	 (SDL).	 A	 significant	 increase	 was	 observed	 in	

e	 (0.1mg/kg)	 before	 training	 and	 saline	 before	 testing	 compared	 with	 a		
group	 which	 received	 nicotine	 (0.1mg/kg)	 before	 training	 and	 varangboo	 (25mg/kg)	 before	 testing	 on	

.	 	A	significant	 increase	was	observed	 in	a	 group	that	received	morphine	(3mg/kg)	and	
before	testing	compared	with	a	group	which	received	

p<0.01).	A	significant	increase	was	
comparison	between		morphine	+	nicotine+		varangboo	with	saline	+	

	
Figure2.	The	effects	of	nicotine	on	inhibitory	avoidance	memory	

training	and	pre	testing	,	saline	,	
0.01	mg/kg)	.Two	groups	of	animals		received	pre-training	injections	of	

ethanol(1,	0.25g/kg)	and	nicotine	(0.01mg/kg)	on	the	test	day	.	Data	are	the	means	±	SEM	*	significant	

ine)	group	in	step	down	latency(STD)	
Significant	difference	between	nicotine	

P<0.01)	.	Significant	
Data	are	the	means	±	SEM	
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DISCUSSION 
This	experiment	demonstrated	that	 	morphine	caused	 	 state-	dependent	 learning	 in	mice	 treated	 by	M. 
officinalis .There	 are	 several	 conflicting	 evidences	 showing	 the	 effect	 of	 morphine	 on	 learning	 and	
memory	[11,	12].		
It	is	well	known	that	pre-	or	post-training	administration	of	morphine	and	ethanol	have	impairing	effects	
on	 passive	 avoidance	 tasks	 and	 interestingly,	 pre-test	 administration	 of	 the	 same	 doses	 of	 these	 drugs	
were	able	to	recur	memory	impairment	[13-16].	 It	has	been	suggested	that	the	activation	of	the	NMDA	
receptor	is	required	for	long-term	potentiation	(LTP)	in	the	hippocampus,	amygdala,	and	medial	septum	
(17)	 .This	 mechanism	 has	 been	 implicated	 in	 memory	 formation;	 the	 involvement	 of	 the	 glutamate-
receptor	system	and	LTP	is	strongly	linked	to	new	learning	and	memory	in	animal	models	(18).	As	seen	in	
figure	 2,	 pre-	 training	 administration	 of	 nicotine	 (0.1	 mg/kg)	 might	 not	 recur	 memory	 impairment.	
Memory	 is	 defined	 as	 	 a	 	 system	 	 for	 	 the	 	 storage	 	 and	 	 retrieval	 of	 	 learned	 	 information	 	 with		
physiological		properties		of		its		own(19).	Several	studies	have	shown	that	chronic	exposure	to	morphine	
or	heroin	leads	to	the	impairment	of	hippocampal	LTP	[20,	21;	22]	and	induces	cognitive	deficiencies,	as	
shown	by	poor	performances	on	memory	task	of	heroin	abusers	(23)	or	chronic	opiate-treated	rodents	
[24;	 25;	 20;	 26].	 Injection	 of	 morphine	 to	 male	 rats	 impairs	 specifically	 spatial	 learning	 in	 MWM	
[27,28,29].	However,	the	mechanisms	underlying	these	effects	of	opiates	are	poorly	understood.The	pre-
training	administration	of	morphine	impaired	the	memory.	When	24h	later	the	same	dose	of	morphine	
was	 administered	 before	 testing,	 the	 memory	 was	 retained	 [30,	 31].	 This	 is	 known	 as	 morphine	 state-
dependency	 (morphine	 St-D)	 [30,31].	 Also,	 it	 has	 been	 reported	 that	 opioids	 have	 positive	 effects	 on	
synaptic	plasticity	in	hippocampus	[32].	
Several	 investigations	 have	 shown	 that	 there	 is	 a	 close	 relationship	 among	 the	 cholinergic	 system	 and	
opioids	in	memory	performance	[33,	34].		
Reversal	 of	 morphine-induced	 memory	 impairment	 in	 mice	 by	 withdrawal	 in	 Morris	 water	 maze:	
possible	involvement	of	cholinergic	system	[35].	
M. officinalis also	 enhances	 memory	 and	 relieves	 stress	 (1)	 Ferreira	 et	 al	 confirm	 the	 fact	 of	 inhibitory	
effects	of	this	extract	on	acetyl	cholin¬esterase	enzyme	(AChE)	[36.],	which	inhibits	ACh	itself,	a	molecule	
with	fundamental	role	in	learning	and	memory	is	also	related	to	disorders	improvement	[37].	
 
CONCLUSION 
Results	implicate	that	Melissa Officinalis	has	shown	increasing	effects	on	step	down	latency	(SDL)	in	mice.	
These	 results	 propose	 the	 potential	 use	 of	 Melissa Officinalis	 has	 neuroprotective	 agent	 in	 learning	 and	
memory.	
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