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Stress Response
Stress	 induces	 radicals	 and	 this	 process	 triggers	 several	
biochemical	pathways	but	most	essential	problem	is	the	damage	
caused	by	 the	 radicals	on	 lipids,	proteins,	and	nucleic	acids.	To	
perform	 biochemical	 functions,	 these	 macromolecules	 must	
be	working	properly.	 Proteins	must	be	 correctly	 folded	 so	 that	
they	 can	 regulate	pathways	and	 transmit	 signals.	Under	 stress,	
alteration	 in	 cellular	 environment	 cause	 proteins	 to	 lose	 their	
structure.	Then,	the	proteins	either	 lose	or	alter	their	 function.	
To	scavenge	radicals	and	to	chaperone	substrate	proteins,	a	set	
of	mechanic	proteins	are	employed.

Mechanics; Heat Shock Proteins
Heat	Shock	Proteins	(Hsps)	are	conserved	universally	from	basic	
to	most	complex	organism	and	serve	to	respond	to	cellular	stress	
by	unique	biochemical	mechanism.	Hsps	are	chaperone	cellular	
proteins	by	maintaining	their	native	folded	form	so	that	they	can	
perform	their	biochemical	function	promptly	[1].

Hsps	are	classified	according	 to	 their	molecular	weight;	Hsp27,	
Hsp40,	Hsp60,	Hsp70,	Hsp90,	Hsp100,	small	Hsps.	Each	Hsp	has	
redundant	 forms	 and	 the	 isoforms	 can	 be	 found	 at	 different	
cellular	 compartments	 i.e.	 cytosol,	mitochondria,	 ER.	 Hsps	 are	
expressed	as	constitutively	or	inductively.	Further,	Hsps	cooperate	
and	coordinate	with	each	other	to	form	a	variety	of	biochemical	
functions	[2].	

Details	of	Hsp	network	are	still	elusive	and	research	is	underway	
to	understand	 the	molecular	mechanism	of	 this	network.	Hsps	
are	induced	by	several	factors	including	infectious	agents,	heat,	
parasites,	 fungi,	 ischemia,	 malignancy,	 and	 oxidative	 stress	 as	
well	as	drugs	[1].		

Induction	of	Hsps	 indicates	stress	conditions	 in	the	metabolism	
and	Hsps	protect	cells.	Therefore,	several	metabolic	diseases	are	
associated	with	Hsp	response.	The	aim	of	this	paper	is	to	review	
drug	dependent	stress	and	related	biochemical	events	reported	
in	the	literature.	

Drug Dependent Stress
Novel	 techniques	 help	 researchers	 to	 investigate	 molecular	
mechanisms	of	the	drugs	and	Hsps	are	involved	in	stress	related	

biochemical	 pathways.	 This	 leads	 researchers	 to	 consider	 Hsp	
related	pathways	when	developing	new	drugs.	Certain	types	of	
Hsp	 inhibition	may	 lead	 cells	 to	 go	 apoptosis	 but	 inhibition	 of	
Hsp	may	not	be	beneficial	 for	patients	with	neurodegenerative	
disease	 since	 some	 Hsps	 inhibit	 protein	 aggregation.	 Protein	
aggregation	is	the	main	cause	of	neurodegenerative	diseases	and	
blocking	Hsps	may	augment	aggregation	and	 loss	of	 treatment	
response.	 Thus,	 it	 is	 a	 dilemma	 for	 a	 cancer	 patient	 with	 a	
neurodegenerative	disease.	Several	treatment	regimens	may	be	
performed	for	such	a	patient	but	it	is	a	double-edged	sword.

Since	Hsps	cooperate	and	coordinate	with	each	other,	inhibiting	
specific	 pathways	 must	 be	 neatly	 chosen,	 otherwise	 several	
side	effects	of	the	drug	treatment	may	change	life	quality	of	the	
patient.	Several	drug	related	cases	of	Hsp	involvement	is	reported	
in	the	literature.	

MDMA	 (3,4-Methylenedioxymethamphetamine)	 is	 an	 addictive	
drug	 and	 known	 as	 ecstasy.	 MDMA	 consumption	 has	 been	
associated	 with	 neurological	 and	 psychiatric	 disorders	 and	
induces	morphological	alterations	in	cortical	neurons	[3].		
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Amphetamine	treatment	may	lead	to	elevated	body	temperatures	
and	as	a	consequence	Hsp70	expression	levels	increases	at	liver	
and	brain	tissues	[4].	This	elevation	may	result	protection	against	
MDMA	 toxicity	 as	 reported	 by	 a	 different	 research	 group	 [5].	
Further,	Hsp27	and	Hsp70	upregulation	studies	in	rat	liver	along	
with	 amphetamine	 pretreatment	 showed	 protection	 against	
acute	dose	of	drugs.	And	the	reason	behind	this	event	is	probably	
lies	in	the	activation	of	Hsp	response	[6].		

Hsp90	plays	a	key	role	in	metabolism	and	2	to	3	percent	of	the	
proteins	 expressed	 in	 the	 proteome	 consist	 of	 Hsp90.	 Hsp90	
role	 in	 alcoholic	 livers	 was	 investigated	 and	 inhibition	 of	 this	
protein	 by	 17-DMAG	 (17-dimethylamino-ethylamino-17-
demethoxygeldanamycin)	 prevented	 liver	 injury.	 The	 inhibition	
decreased	 steatosis	 and	 pro-inflammatory	 cytokines.	 Hsp90	
helps	cell	survival	and	Hsp90	inhibitor	perturbs	this	function	and	
damaged	cells	may	go	to	apoptosis	during	alleviation	of	the	liver.	
Therefore,	Hsp90	is	an	essential	target	for	alcoholic	cirrhosis	[7].		

Moderate	 alcohol	 exposure	 impairs	 immune	 response	 and	
Heat	 Shock	 Factor	 1	 and	Hsp70	 inhibits	 TLR4/MyD88	pathway.	
Thus,	in	alcohol	abuse	treatment	Hsps	may	be	critical	for	clinical	
treatment	 [8].	 Alcohol	 stress	may	 provoke	 similar	 response	 as	
heat	shock	and	activates	Hsps	to	protect	membranes	and	other	
cellular	parts	against	alcohol	stress	[9].		

Research	on	the	effect	of	morphine	on	the	regulation	of	protein	
degradation	 in	 the	brain	 to	elucidate	 involved	proteins	 suggest	
that	 morphine	 induces	 Hsp70	 expression	 in	 the	 striatum.	 This	
is	 most	 likely	 Hsp70	 function	 in	 ubiquitin	 proteasome	 system	
to	 degrade	 the	 proteins.	 Hsp70	 is	 also	 involved	 in	 protein	
aggregation	pathway.	If	Hsp70	cannot	refold	or	dissolve	protein	
aggregates,	 then	 it	 sends	 the	 substrate	 proteins-aggregates	
to	 proteasome	 for	 degradation.	 The	 morphine	 induced	 Hsp70	
expression	research	is	not	an	exception	[1,	10].		

Hsp70	 role	 in	 drug	 addiction	 was	 studied	 to	 understand	 the	

adaptation	of	neural	networks	by	drugs	of	abuse.	The	research	
reports	 a	 correlation	 between	 behavioral	 sensitization	 to	
morphine	and	Hsp70	as	evidenced	by	Hsp70	inhibition	of	Hsp70.	
The	study	suggested	that	Hsp70	is	a	target	for	adaptations	with	
relevance	to	addiction	[11].		

Morphine	 withdrawal	 induces	 activation	 of	 hypothalamo-
pituitary-adrenocortical	 axis	 and	 alters	 Hsp27	 expression	 and	
suggest	 a	 role	 for	 Hsps	 in	 β-adrenoceptors	 and	 extracellular	
signal-regulated	protein	kinase	pathways	upon	morphine	related	
stress	[12].	As	expected,	Hsps	may	be	induced	by	stress	but	which	
Hsps	are	induced	upon	different	stressors	is	yet	be	determined.

Conclusion
Drug	treatment	or	drug	addiction	are	two	adverse	concepts	but	
both	process	induces	stress	albeit	differently.	The	stress	involves	
Hsp	response	and	inhibition-induction	of	Hsp	family	may	provide	
benefit	to	the	patient	and	increase	the	life	quality	of	the	patient	as	
well.	Determining	molecular	mechanism	behind	drug	dependent	
stress	 provides	 valuable	 information	 to	 drug	 developing	
researchers.	A	different	subset	of	Hsps	are	employed	for	each	and	
adverse	conditions.	Therefore,	inhibition	or	induction	conditions	
as	well	as	Hsps	involved	in	a	pathway	make	researchers	to	design	
specific	drugs.	For	this	purpose,	my	group	determines	key	Hsps	
involved	 in	 specific	 occasions	 by	 microarrays	 or	 transcriptome	
analysis.	The	experiments	reveal	key	Hsps	involved	in	the	pathway	
for	innovative	drug	development.	We	developed	drug	candidates	
for	breast	cancer	and	prion	(a	neurodegenerative	disorder)	and	in	
each	case	a	different	set	of	Hsps	involved.	However,	the	designed	
compounds	are	inducers	in	prion	and	inhibitors	in	cancer.	In	both	
diseases	overlapping	Hsps	are	observed	but	different	strategies	
employed	for	the	treatment.

In	 summary,	 stress	 dependent	 Hsps	 must	 be	 determined	 for	
each	disease	to	develop	specific	drugs	in	the	treatment	either	by	
inhibiting	or	inducing	key	Hsp	proteins.
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