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ABSTRACT
In the pre sented work, the bio logi cal ac tiv ity of cou marins, es pe cially that of im pera to rin, is de scribed. The natu ral sources of cou marins
and pos si ble im pli ca tion in phar ma co ther apy is also shown.
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INTRODUCTION
The preva lence of civi lized dis eases such as hy per ten sion

or other neu ro de gen era tive dis or ders is in creas ing [10, 35,
48], and the more popu lar medi cines used in the above-
 mentioned epi de mi ol ogi cal prob lems are based on syn thetic
chemi cal struc tures pro duced in many labo ra to ries all over
the world. Un for tu nately, phar ma col ogi cal re sis tance and
many ad verse re sults (such as he pa to tox ic ity) are now
widely pres ent in the treat ment of many com mon dis eases.
Be cause of the obliga tory re cord ing of drug side ef fects in
the health sys tems of most de vel oped coun tries, the very evi -
dent rec og ni tion of side ef fects boosts the ne ces sity for
a search for al ter na tive so lu tions for pres ent treat ments. The
drugs of choice will be those which not only re duce the
symp toms of the dis ease, but which also will avoid the risk
fac tors of the con se quen tial on go ing changes in the hu man
body. What is more, an ad di tional tar get of sci en tific re -
search will be in find ing ways of miti gat ing the side ef fects
of syn thetic drugs. These aims have lead cur rent re search ers
to wards de ter min ing new so lu tions for sev eral com mon
treat ments, in the hope that these will avoid the cur rent ad -
verse re sults, as well as the build- up of tol er ance, and
pro vide a wide spec trum of ef fi cacy. Plant spe cies, me dici -
nal herbs and natu ral com pounds play a cru cial role in the
plac ing of such new medi cines upon the mar ket. The aim of
this work is there fore, to pres ent in for ma tion in re gard to the
natu ral sources of cou marins (es pe cially fu ra no cou marins),
and to show the bio logi cal ac tiv ity of these com pounds, lay -
ing em pha sis on im pera to rin.

THE SOURCES OF COUMARINS
Natu ral sources pro vide nu mer ous bio- active com pounds

that strengthen the po ten tial of tra di tional medi cine in treat -
ing many dis eases and dis or ders. Rep re sen ta tives of ge nus
An gel ica as An gel ica da hurica, An gel ica arch angel ica, An -
gel ica amuren sis, An gel ica anomala, An gel ica gi gas are
widely used in eth nomedi cine in China, Ko rea, Thai land and 
Rus sia to treat ab domi nal pain, hys teria, bleed ing and men -
strual dis or ders. In these coun tries, the bio logi cal ac tiv ity of
these plants as re lax ants and seda tives have been known for
many cen tu ries. The strat egy for cur rent re search and de vel -
op ment is thus, to dis cover the natu ral com pounds con tained 
within these plants and iden tify their phar ma col ogi cal ac tiv -
ity. From pre vi ous re search, it is known that plants of the
An gel ica spe cies, es pe cially their roots and fruits con tains
a wide range of fu ra no cou ma ris: e.g. iso im pera to rin, im -
pera to rin, phel lop terin, oxyp eucedanin hy drate, no dak enin,
3’- hydroksymarmesinin, also polya cety lenes, fal carin diol
and octadeca-1,9- dien4,6- diyn-3,8,18- triol. Moreo ver, the
roots of An gel ica sp. are pre scribed in China medi cine as an -
al ge sics and seda tives. In our re search, the cou marins from
An gel ica da hurica were stud ied for their chemi cal struc -
tures. This large group be longs to the fam ily of phe nolic
com pounds with di verse sub stitu ents, and which of fer vari -
ous phar ma col ogi cal ac tivi ties [9].

IMPERATORIN
One of the more widely re searched natu ral com pounds is

im pera to rin. This comes with a very wide spec trum of bio -
logi cal ac tiv ity on the body sys tem. Im pera to rin is iso lated
from many plants e.g. Ra dix Gleh niae, Ra dix An geli cae da -
huri cae, Rhi zome Seu, Ra dix No top ty gerii, and   is also
pres ent in dif fer ent herbs com monly used in cui sine (pars ley
and fen nel). In ad di tion, im pera to rin can be iso lated from the 
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fruits and roots of sev eral An gel ica spe cies, Ae gle mar me los
[50], Hera cleum rapula [23], Ra dix Gleh niae [22] and also
from Cinidum mon nieri [23, 30]. 

The bio logi cal ac tiv ity of im pera to rin was dis cov ered as
be ing a phar ma col ogi cal ef fect upon the cen tral nerv ous sys -
tem. Moreo ver, it has some ac tiv ity in the in su lin fat cells
[19, 20]. Im pera to rin can also in hibit -am inob utyric acid
deg ra da tive en zymes and ele vate the neu ro trans mit ter -am -
inob utyric acid lev els in the cen tral nerv ous sys tem [9]. Plus, 
it   in hib its HIV-1 in fec tion [41] and in duces oxidized- low
den sity, lipoprotein- induced, en hanced in ter cel lu lar
adhesionmolecule-1 ex pres sion in U937 foam cells [49].
Fur ther more, im pera to rin an tago nizes the pro lif era tion of
bo vine cere bral micro vas cu lar smooth mus cle cells in duced
by the tu mor ne cro sis fac tor [50]. In lipopolysaccharide-
 activated mouse macro phages mod els, im pera to rin in hib its
ni tric ox ide and pros ta glan din E2 pro duc tion. What is more,
it in hib its in duci ble ni tric ox ide syn thase pro tein ex pres sion, 
cyclooxygenase-2 and mi cro so mal pros ta glan din E syn thase 
ex pres sion [3; 29. 54]. Im pera to rin can also  in hibit bac te rial
growth and it ex hib its a sig nifi cant an ti tu mo ral prop erty and
an an ti co agu lant ac tiv ity [18]. Fi nally, Im pera to rin has also
been stud ied for its anti- inflammatory and an ti tu mo ral po -
ten tial [3. 13, 16].

PHOTOSENSIBILIZING ACTIVITY
Pso ralens (e.g im pea to rin), in com bi na tion with UVA ra -

dia tion (320-400 nm), are used for the treat ment of skin and
auto im mune dis eases, and the pho to chemi cal re ac tions of
pso ralens with DNA are well char ac ter ized, hav ing been
stud ied for many years. From in vi tro DNA- photochemistry, 
it has been shown that the more fre quently oc cur ring ad ducts 
are those with thymine, fol lowed by cy to sine–pso ralen ad -
ducts. A pso ralen–ade nine photo- adduct has also been
char ac ter ized af ter in vi tro photo- reactions with ade nine, but 
it has not yet been shown to oc cur in DNA iso lated from
cells ir ra di ated in the pres ence of pso ralens [51]. In guinea
pig skin treated topi cally with PUVA, pso ralen binds pref er -
en tially to the kera tine layer, to the cell mem branes and to
the in ter cel lu lar ma trix [34]. Af ter UVA ir ra dia tion, the
photo- adducts are lo cal ized in the same sites, whereas the
photo- adducts in nu clear DNA are re vealed only af ter spe -
cial pre treat ments with etha nol, al kali or pro te olytic
en zymes. This sug gests that pso ralen pho to product for ma -
tion in the mem brane im parts sig nifi cant dam age to the cell
that is dif fer ent from that in duced in the cell nu clei [52]. Ad -
di tion ally, in stud ies of the sub cel lu lar frac tions of rat
epi der mis af ter treat ment with pso ralens and UVA, it was
found that 17% of the pso ralen was bound to DNA, while
a sub stan tial amount was also bound to pro teins (57%) and
lip ids (26%) [4]. 

The photo- oxygenation of the im pera to rin shows that the
im pera to rin hy dro per ox ides I and II cause oxi da tive DNA
dam age in cells. Moreo ver, im pera to rin in duces pho to sen si -
tized dam age of hu man eryth ro cytes. The mecha nism of this
pro cess was stud ied with em pha sis on the role of type IV re -

ac tions that in volve photo- oxygenation. Data shows that the
ac tion of these photo products on eryth ro cytes brings about
sev eral types of cell dam age, i.e. an in crease in mem brane
per me abil ity, as well as Hb dam age. In ad di tion, recently it
was found that im pera to rin hy dro per ox ides are very ef fi -
cient sup pres sors of delayed- type hy per sen si tiv ity re ac tions
in mice. These re sults im ply that hy dro per ox ides I and II are
po ten tial che mo thera peu tic agents for hyper pro lif era tive T
cell- mediated dis eases. These per ox ides are pro duced un der
UVA ir ra dia tion of cells, in the pres ence of im pera to rin.
Thus, im pera to rin is a po ten tial pho to che mo thera peu tic
agent for pso ralen plus UVA (PUVA) ther apy, op er at ing by
a type IV mecha nism [38].

It is now well es tab lished that oral ad mini stra tion of fu ro -
cou marins is as so ci ated with gas tro in tes ti nal side- effects,
and in creases the risk of se ri ous com pli ca tions such as car -
cino gene sis or glau coma. To re duce the side- effects of
sys temic PUVA, topi cal PUVA ther apy has been de vel oped. 
Cur rently avail able for mu la tions for topi cal use are so lu -
tions, emul sions and creams, how ever, they do not pro vide
good trans der mal per me abil ity of fu ro cou marins and do not
al low its pene tra tion to deeper lay ers of the skin. Higher con -
cen tra tion of fu ro cou marins de liv ered to the skin al lows
a re duc tion in UVA ra dia tion dos age and side ef fects. There -
fore den drimers with fu ro cou marins can be used to im prove
solu bil ity and bioa vail abil ity, and are able to re lease this
drug in a con trolled man ner [5].

NEURACTIVITY 
Im pera to rin, to gether with an other cou ma rin – fal carin diol,

were pre scribed so as to in ac ti vate gamma- aminobutyric acid
trans ami nase (GABA – T) in dose- and time-de pended man -
ners. Mam mal ian tis sues of the cen tral nerv ous sys tem
con tain gamma- aminobutyric acid (GABA), and Glu ta mate
de car boxy lase (GAD) and GABA tramsami naze (GABA-T) 
con trol the GABA con cen tra tion in the brain. GABA – T
also cata bo lizes gamma- aminobutyric acid to suc cinic semi -
al de hyde in trans ami na tion re ac tions. Suc cinic semialde hyde
de hy dro ge nase (SSADH) is re spon si ble for oxy da tion of
suc cinic semi al de hyde to suc ci nate:

GABA + alfa- ke to glu ta rate  GABA – T > suc cinic
semi al de hyde (SSA) + glu ta mic acid qSSA + NAD+  

+ H2O  SSADH > suc ci nate + NADH

Ac cord ing to Perry et al., a low level of GABA in the
brain is the cause of di verse neu ro logi cal ef fects. Among
these are Park in son ism, epi lepsy, con vul sions, sei zures and
Hunting ton’s dis ease. In con vul sive dis or ders, the chemi cal
ana log of GABA is used in the mecha nism of ir re versi ble in -
hi bi tion of GABA –T, which is trans formed to an ac tive
me tabo lite to bind the ac tive site of the en zyme [36]. The vi -
tro study of Choi et al. showed that im pera to rin is an
ir re versi ble in hibi tor of GABA –T. In the cited study, the
iso la tion of cou marins and polya cety lenes was brought
about by an 80% aque ous metha nol ex trac tion of ma te rial at
room tem pera ture over night. For their work, Choi et al. used
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the pow dered root of An gel ica da hurica from Ko rea. Their
iso la tion af forded iso im pera to rin, im pera to rin, fal carin diol
and phel lop terin [9]. 

Luszc zki et al dis cov ered that im pera to rin, in a dose-
 dependent man ner, in creases the thresh old for elec tro con -
vul sion in mice. The great est an ti con vul sant ef fect pro duced 
by im pera to rin in the maxi mal elec tro shock sei zure thresh -
old test was ob served at 30 min af ter its sys temic (i.p.)
ad mini stra tion. The anti- electroshock ac tion of im pera to rin
at 15, 60 and 120 min af ter its ad mini stra tion was less ex -
pressed than that of im pera to rin in jected 30 min be fore the
maxi mal elec tro shock sei zure thresh old test [25]. It is im -
por tant to note that toxi co logi cal in vivo stud ies have
re vealed that im pera to rin ad min is tered chroni cally up to 70
mg/kg/day and sin gly up to 200 mg/kg pro duced no tox ic ity
in ro dents [21]. Im pera to rin in hib its in both time- and
concentration- dependent man ners, GABA- transaminase ac -
tiv ity. In ad di tion, it dis plays af fin ity to the GABAA- ben-
zodiazepine re cep tor com plex as a par tial ago nist [12]. It is
widely ac cepted that drugs in ac ti vat ing GABA- trans-
aminase con trib ute to the in crease in GABA con tent into the
syn ap tic clefts and thus, the drugs ex ert the an ti con vul sant
ac tiv ity in both ex peri men tal and clini cal stud ies [11].

An other study led by Luszc zki and co- workers in 2007,
dem on strated that the GABA ac tiv ity of im pera to rin is ex -
plained by the mecha nism of im pera to rin act ing in spe cific
modi fi ca tion of func tional groups in the ac tive site of
GABA-T. The other spe cific re sults of the study showed that 
im pera to rin has se lec tive po ten tiali sa tion ef fect on such
anti- epileptic drugs as car ba mazepine, phe no bar bi tal,
pheny toin and val proate. The meth od ol ogy was based on the 
treat ment of the above- mentioned con ven tional anti-
 epileptic drugs by im pera to rin in the mouse maxi mal elec -
tro shock sei zure model (MES) in dose and time de pended
man ners. The ED50 – me dian ef fec tive doses re quired to pro -
tect 50% of ani mals tested against electroshock- induced
sei zures of car ba mazepine, phe no bar bi tal and pheny toin
were ex plic itly de creased in the study by im pera to rin ad di -
tion. In ter est ingly, the anti- epileptic ef fect of val pronate was 
not im proved by im pera to rin at dif fer ent, en hanced doses. 

The authors also meas ured the in flu ence of im pera to rin
on the brain con cen tra tion of pheny toin and phe no bar bi tal,
and this showed no sig nifi cant changes in their con cen tra -
tion af ter im pera to rin ad mini stra tion. This is in com pari son
to car ba mazepine ad mini stra tion, in which, pheny toin and
phe no bar bi tal con cen tra tion was in creased by 85%, from
1,260 to 2,328 μg/ml. The hy pothe sis to ex plain this is that
im pera to rin ad di tion in flu ences changes in the per me abil ity
of the blood/brain bar rier. As to the spe cific val proate re -
sults, these were ex plained as en gen der ing many, var ied
mecha nisms of ac tion on the cen tral nerv ous sys tem. [26]. In 
a sub se quent in ves ti ga tion, Luszc zki et al. dem on strated im -
pera to rin po ten tiali sa tion on la mo trig ine. Af ter 30 min of the 
50mg/kg im pera to rin ad mini stra tion, the po ten tial of la mo -
trig ine was en hanced by re duc ing ED50  by 60%, from 6.11
to 2.47 mg/kg. How ever, this dose of im pera to rin did not in -

flu enced the brain con cen tra tion of la mo trig ine, proba bly by 
way of the same ex pla na tion as pheny toine and phe no bar bi -
tal – through vari ous phar ma co dy namic pro cesses [27].

Cho lin es ter ase in hibi tors have be come one of the more
com monly pre scribed drug classes for the treat ment of Alz -
heimer’s dis ease (AD) – a dis ease which is char ac ter ized by
an ab nor mal short age of the neu ro trans mit ters ace tyl cho line
(ACh) and bu tyryl cho line (Bch), in the brain [32]. Since
ACh and BCh are hy dro lyzed by ace tyl cho lin es ter ase
(AChE) and bu tyryl cho lin es ter ase (BChE), in hi bi tion of the
cho lin es terases is im por tant for in creas ing ACh and BCh
lev els. On the other hand, oxi da tive in jury caused by free
radi cal for ma tion and iron ac cu mu la tion has been re vealed
to be ad di tional fac tors in AD patho gene sis [2]. Im pera to rin,
xan tho toxin, and ber gap ten were tested for their an ti cho lin -
es ter ase and an ti oxi dant ac tivi ties in the same man ner as was 
metha nolic fruit ex tract (An gel ica of ficina lis L. grown in Po -
land) and fu ra no cou ma rin frac tions. Our data showed that
im pera to rin, xan tho toxin, and ber gap ten dis play a high in hi -
bi tion (over 80%) against BChE at the tested con cen tra tions. 
How ever, the fu ra no cou ma rin frac tion and ma jor three cou -
marins did not pos sess anti- radical ac tiv ity against both
2,2- diphenyl- 1- picrylhydrazyl (DPPH), N,N- dimethyl- p-
 phenylendiamine (DMPD), yet, they ex hib ited a mod er ate
level of fer rous ion- chelation ca pac ity, fer ric-(FRAP) and
phosphomolibdenum- reducing an ti oxi dant power (PRAP).
In a fer rous ion- chelation test, im pera to rin also had bet ter
ac tiv ity than did the other two cou marins tested [43].

In an other study, the metha nol ex tract of the roots of An -
gel ica da hurica showed a high AChE in hi bi tion, which led
to iso la tion of iso im pera to rin, im pera to rin, and oxyp -
eucedanin as the ac tive com pounds [17; 47]. These three
cou ma rin de riva tives in hib ited AChE in a dose- dependent
man ner. The most ef fec tive of these was found to be im pera -
to rin, as this  caused a re versi ble in hibi tory ac tion against
AChE. How ever, Sig urds son and Gudbjar na son (2007) re -
port that the AChE in hibi tory ac tiv ity of both an etha nol
ex tract pre pared from the seeds of A. arch angel ica, as well
as xan tho toxin, had more po tent AChE in hi bi tion than that
of im pera to rin. There fore, the cho lin es ter ase in hibi tory ef -
fect of the fu ra no cou ma rin frac tion of A. of ficina lis can be
at trib uted to cou marins. It is thus felt that fur ther re search on
Cou marins might be sug gested to de ter mine their pos si ble
bene fi cial ef fects for the treat ment of AD [44].

MYOCARDIAL ACTIVITY
Zhang et. al, (2010) re vealed that, in vivo and in vi tro, fu -

ra nocu marins in hib ited myo car dial hy per tro phy. In this
study, car diac myo cytes were ex posed to angio tensin II in
the pres ence of im pera to rin (3 μM, 30 μM, 10 μM) for 48h.
The rats were 14-15 week old and they were placed into
three groups: A, B, C treated with im pera to rin. The two first
groups were given a pla cebo – 0.5% so dium car boxy methyl
cel lu lose. The Tail- cuff method was used to meas ure heart
rate and blood pres sure. Five myo car dial slices cho sen ran -
domly from each group were used to meas ure myo car dial
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and peri vas cu lar fi bro sis and cell sur face area.  The re sults of 
the study showed that im pera to rin had a posi tive in flu ence
on blood pres sure. On com par ing the phar ma coki netic of
vera pa mil to im pera to rin, these in ves ti ga tors dem on strated
a simi lar shape of chro ma tographic re ten tion peak on the
elu tion curves  in car diac mus cle/CMC model.

The cell cul ture model used in the study al lowed the in -
ves ti ga tors to con trol the size of myo car dial cells. In their
work, four com para tive groups were es tab lished: con trol,
angio tensin II, angio tensin + low- dose of im pera to rin and
angio tensin II + high dose of im pera to rin. The re sults of their 
work showed that Im pera to rin sup pressed the in crease of
cell growth in duced by angio tensin II in a sig nifi cant way.
The ex tent of myo cyte hy per tro phy was also re duced in this
study. This was made evi dent in the his to logi cal test. Us ing
the C group, the study re vealed that im pera to rin de creases
patho logi cal car diac fi bro sis and pre vents its  con se quences
(heart fail ure). This ef fect was achieved with the higher dose 
of im pera to rin. The above- mentioned in vi tro and in vivo ex -
peri ments show that im pera to rin plays an im por tant role in
myo car dial hy per tro phy by way of its phar ma col ogi cal ac -
tiv ity on car diac mus cle/CMC. Zhang et al. pro posed
a hy pothe sis that im pera to rin, in com pari son with  vera pa -
mil, can act on the cal cium chan nel by bind ing with the
car diac mus cle. This idea is in ter est ing and is worth fur ther
in ves ti ga tion [53]. 

In the study done by He et al. [15], im pera to rin at a more
than a 10 ěM concentration- dependent dose, re laxed rat mes -
en teric ar ter ies that were pre- contracted by po tas sium
chlo ride (KCl) and endothelin-1, as well as hu man omen tal
ar ter ies pre- contracted by nora drena line. Re moval of the en -
do the lium did not af fect the imperatorin- induced re lax ant
re sponses, sug gest ing that the vaso dila ta tion ef fect is in de -
pend ent of the en do the lium. The in hibi tory ef fect of
im pera to rin is thought to oc cur mainly via the volt age de -
pend ent cal cium chan nel and pos si bly the re cep tor op er ated
cal cium chan nel. How ever, the â-a dr en oce ptor, ATP-
 sensitive po tas sium chan nel and in wardly rec ti fy ing po tas -
sium chan nel were not in volved in the vaso dila ta tion,
whereas the block age of the calcium- activated po tas sium
chan nel with tet ra eth yl am mo nium had an ef fect. In
a Ca2+-free me dium, im pera to rin concentration- dependently
de pressed the vaso con stric tions de rived from nora drena line
and CaCl2, and brought about a de creased con trac tile re -
sponse in duced by caf feine. This in di cates that it has a role in 
in hib it ing ex tra cel lu lar Ca2+ in flux and in tra cel lu lar Ca2+
re lease from the Ca2+ store. These re sults sug gest that im -
pera to rin in duces vaso dila ta tion by pos si ble mecha nisms
that in hibit the volt age de pend ent cal cium chan nel and the
receptor- mediated Ca2+in flux and Ca2+re lease. The open ing
of the calcium- activated po tas sium chan nel and a com peti -
tive an tago nism of 5-HT re cep tors may also con trib ute to
this vaso dila ta tion ef fect [15].

ANTICANCER ACTIVITY
Apop to sis, or pro grammed cell death, is con sid ered a vi -

tal com po nent of vari ous pro cesses, in clud ing nor mal cell
turn over, proper de vel op ment of the im mune sys tem, and
chemical- induced cell death [42]. In ap pro pri ate apop to sis is
a fac tor in many hu man con di tions in clud ing neu ro de gen -
era tive dis eases, ischemic dam age, auto- immune dis or ders,
and many types of can cer. Apop to sis is there fore, cur rently
con sid ered an ef fi cient strat egy for can cer ther apy. [6]  

There are con flict ing re ports of the ef fects of im pera to rin
on car cino gene sis. Im pera to rin was mu ta genic and in duced
trans for ma tion of mouse fi bro blast cell lines,  whereas it
pro vided in hib it ing ef fects on mu ta gene sis and car cino gene -
sis in duced by vari ous car cino gens. As pos si ble mecha nisms 
for anti car cino genic agents, sup pres sion of cell pro lif era tion
and in duc tion of apop to sis are re garded as im por tant fac tors, 
to gether with the de crease of meta bolic ac ti va tion, in crease
of de toxi fi ca tion, an ti oxi da tive prop er ties, in hi bi tion of
DNA ad duct for ma tion and on co gene ac ti va tion [8; 21]. Ac -
cord ing to Pae et al., im pera to rin at cy to toxic mi cro mo lar
con cen tra tions, can trig ger apop to sis of HL-60 cells. The
HL-60 cells treated with im pera to rin un der went in ter nu cleo -
so mal DNA frag men ta tion and nu cleus mor pho logi cal
changes char ac ter is tic of apop to sis. What is more, flow cy -
tomet ric analy sis showed that hy po diploid nu clei of HL-60
cells were in creased af ter treat ment with im pera to rin. In ad -
di tion, im pera to rin caused a time- dependent in crease in
caspase-3 ac ti va tion, an im por tant key exe cu tioner of apop -
to sis. It was also dem on strated that im pera to rin in duces an
al tera tion in the mi to chon drial mem brane po ten tial and the
re lease of cy to chrome c from mi to chon dria into cy to sol, and
thus, the ac ti va tion of cas pase- 9 [33].

Cai et al. dem on strated that sev eral natu rally oc cur ring
cou marins, to which hu mans are rou tinely ex posed, are po -
tent in hibi tors of the me tabo lism and meta bolic ac ti va tion of
benzo[a]pyrene B[a]P and 7,12- dimethylbenz[a]an thra cene 
DMBA in cul tured mouse kera tino cytes. Sev eral of these
com pounds, upon fur ther ex ami na tion, also dem on strated
some se lec tiv ity to ward the for ma tion of spe cific me tabo -
lites of both hy dro car bons. These re sults sup port the
in volve ment of dis tinct P450s in the me tabo lism and meta -
bolic ac ti va tion of B[a]P vs DMBA in mouse kera tino cytes
[7].

Luo et al. [24] re vealed that fu ra no cou marins from the
root of A. da hurica ex hib ited a sig nifi cant in hi bi tion on cell
pro lif era tion on sev eral hu man tu mor cells. Among the cells
ex am ined, im pera to rin ex hib ited a marked in hi bi tion of the
growth of HepG2 cells. The re sults of vari ous bio chemi cal
as says dem on strated that im pera to rin trig gered growth in hi bi -
tion through apop to sis in duc tion as evi denced by chro ma tin
con den sa tion and DNA frag men ta tion. The in duc tion of
apop to sis by im pera to rin was found to be me di ated through
both death re cep tor and mi to chon dria path ways. Treat ment
with im pera to rin re sulted in sig nifi cantly di min ished ex pres -
sions of pro cas pase- 3, pro- caspase-8, and pro- caspase-9.
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Fur ther more, the im pera to rin -i nduced apop to sis was sup -
pressed by caspase- 8- and caspase- 9- specific in hibi tors and
is be lieved to be me di ated via both caspase-8 and caspase-9
[24].

Kim et al. (2006), by way of ex peri ment with cul tured hu -
man cells, showed the anti pro lif era tive ef fect of
fu ra no cou marins from An gel ica da hurica (iso im pera to rin,
cni di cin, im pera to rin, oxyp eucedanin, byak ageli col, oxyp -
eucedanin hy dratate). The sul for ho dam ine B (SRB) as say
was used in their work, and they adopted in the tu mor cells,
in vi tro meas ur ing by anti- cancer drug screen ing. This meas -
ured the in hi bi tion range of cell pro lif era tion af ter 48 hours,
of cells that were treated with natu ral com pounds iso lated
from An gel ica da hurica. This study con firmed the cy to toxic
ac tiv ity of fu ra no cou marins, as well as im pera to rin, by way
of us ing five cul tured hu man tu mor cell lines. De pend ing on
dose, the pro lif era tion of tu mor cells  de creased sig nifi cantly 
[18].

In a fur ther study, in or der to in ves ti gate the po ten tial of
Gleh nia lit tora lis as a can cer che mo pre ven tive, the anti pro -
lif era tive ef fects of both its crude ex tracts and sol vent-
partitioned frac tions (n- hexane, 85% aq. MeOH, n- BuOH,
and wa ter) were evalu ated in HT-29 hu man co lon can cer
cells. The re sults of this work showed that its crude ex tracts
and solvent- partitioned frac tions ex hib ited dose- dependent
in hibi tory ef fects on cell pro lif era tion. In par ticu lar, n- hexane
and 85% aq. MeOH frac tions es pe cially ex hib ited a high
anti pro lif era tive ef fect, and in duced apop to sis as de ter mined 
by 4,6- diamidino- 2- phenylindole (DAPI) stain ing, and re -
duced mRNA ex pres sion of Bcl-2, cy clo oxy ge nase (COX-2)
and in duci ble ni tric ox ide syn thase (iNOS). Sys tem atic
sepa ra tion of n- hexane and 85% aq. MeOH frac tions by di -
verse chro ma tographic meth ods led to the iso la tion of
fu ra no cou marins (ber gap ten, isopimpi nel lin, xan tho toxin,
im pera to rin) and polya cety lene al co hols. All com pounds ex -
hib ited dose de pend ent in hibi tory ef fects on cell pro lif era tion
[46]. Other fu ra no cou marins (iso im pera to rin, cni di cin,
oxyp eucedanin, byak ageli col and oxyp eucedanin hy dratate) 
were also re vealed to have sig nifi cant anti pro lif era tive im -
pact on tu mor cells.

ANTIOXIDANT ACTIVITY
Free- radical- mediated cell in jury and lipid per oxi da tion

may be of criti cal im por tance in vari ous patho logi cal phe -
nom ena. Thus, an ti oxi dants that pre vent the dam age caused
by free radi cals are con sid ered to be wor thy of study. It has
also been sug gested that struc tural speci fic ity is in volved in
the mani fes ta tion of anti- oxidative ac tiv ity of fu ra no cou -
marins. From re search, the dif fer ence in the anti- oxidative
ac tiv ity of in di vid ual cou ma rin com po nents on AAPH-
 induced cell dam age is re lated to the po si tion of their hy -
droxyl groups. Piao et al stud ied nine fu ra no cou marins
which have no hy droxyl group in the aro matic ring and they
showed lit tle an ti oxi dant ac tivi ties. Hence, the hy droxy
group in the aro matic ring is re garded as an im por tant de ter -

mi nant for radical- scavenging and/or anti- oxidative po ten -
tial. Fur ther re search has found that 9- hydroxy- 4- ethoxy-
psoralen and al loi so im pera to rin were the ef fec tive an ti oxi -
dants among the vari ous fu ra no cou ma rin com po nents. This
find ing in di cated that the aro matic hy droxy group plays
a con sid er able anti- oxidative role by con fer ring sta bil ity to
the radi cal form and par tici pat ing in elec tron de lo cal iza tion.
There fore, only some cou ma rin struc tures pos sess an ti oxi -
dant ac tiv ity [37].

ANTI-INFLAMMATORY ACTIVITY
Macro phages play a ma jor role in host de fence against in -

fec tion and tu mour de vel op ment and this ac tiv ity is
regu lated through the pro duc tion of sev eral me dia tors. Ac ti -
va tion of macro phages causes the re lease of vari ous
cy to ki nes, as well as chemi cals such as ni tric ox ide (NO),
pros ta glandins and leu ko trie nes, which are im por tant ef fec -
tor mole cules that ini ti ate in flam ma tion. The oxi da tive
me tabo lism of ara chi donic acid leads to the syn the sis of leu -
ko trie nes and pros ta glandins through the cy clo oxy ge nase
and lipoxy ge nase path way [14]. Be cause fu ra no cou marins
are used in the treat ment of skin le sions, as they pro duce
very good re sults, they proba bly have some kind of anti-
 inflammatory ac tiv ity.

Marques et al. iso lated sev eral fu ra no cou marins from the
roots of Op po panax chi ronium (L.), and evalu ated them for
their ac tiv ity re lated to T- cell func tion al ity. From the re sults
of their re search, hera clenin and im pera to rin sig nifi cantly
in hib ited T cell receptor- mediated pro lif era tion in hu man
pri mary T cells in a concentration- dependent man ner. In
tran sient trans fec tion ex peri ments with a plas mid con tain ing 
the Interleukin-2, IL-2 pro moter, they found that im pera to -
rin is also a po tent in hibi tor of IL-2 gene tran scrip tion.
Im pera to rin seem ingly in hib ited both the nu clear fac tor of
ac ti vated T- cells bind ing to DNA, as well as  tran scrip tional
ac tivi ties, with out sig nifi cantly af fect ing the ac ti va tion of
the nu clear fac tor kappa- light- chain- enhancer of ac ti vated B 
cells and the ac ti va tor pro tein 1 tran scrip tion fac tors. These
find ings sug gest the mo lecu lar mecha nisms that are in -
volved in the im mu no modu la tory and anti- inflammatory
ac tivi ties of im pera to run [28].

Abad et al. evalu ated im pera to rin as a po ten tial in hibi tor
of some macro phage func tions in volved in the in flam ma tory 
pro cess. By way of their re search, im pera to rin showed a sig -
nifi cant ef fect on 5- lipoxygenase (leu ko tri ene C4) and
ex hib ited strong in hi bi tion on cyclooxygenase- 1- and
cyclooxygenase- 2- catalysed pros ta glan din E2 re lease, with
in hi bi tion per cent ages simi lar to those of the ref er ence
drugs, in dome tacin and ni me su lide. Their work showed that
im pera to rin caused a sig nifi cant re duc tion of ni tric ox ide
gen era tion and can be clas si fied as dual in hibi tor, since it
was evi dent that both cy clo oxy ge nase and lipoxy ge nase
path ways of ara chi do nate me tabo lism were in hib ited by this
com pound [1].



Vol. 25, 1, 80–87 85

Imperatorin – pharmacological effects and possible implication in pharmacotherapy

ANTIBACTERIAL ACTIVITY
Shigella dys en te riae con tin ues to be a ma jor health prob -

lem which leads to death due to di ar rhea and dys en tery,
pre domi nantly in chil dren be low the age of 5. In this eas ily
pre vent able dis ease, a bac te rial in va sion of the colo nic epi -
the lium leads to se vere in flam ma tion. This, to gether with
bac te rial dis semi na tion gen er ates ab scesses and ul cera tions.
The peri plas mic cop per, zinc su per ox ide dis mu tase of
Shigella pro tects it from the ex oge nous su per ox ide pro duced 
by the host dur ing its in va sion. Hence, an at tempt was made
to study the ef fect of an aque ous ex tract of Ae gle mar me los
on host and patho gen de fence.

His tol ogy analy sis of rat ileal loop showed the loss of
viru lence in an aque ous ex tract of A. mar me los (200 mg/ml)
pre- treated Shigella, and their in tra cel lu lar sur vival was also
de creased. The ac tive com po nent pres ent in an aque ous ex -
tract of A. mar me los that brought this about, was iden ti fied
as im pera to rin. Evi dence of its ef fec tive ness was seen in the
in crease in pe riph eral blood mono nu clear cell vi abil ity and
the de crease in in tra cel lu lar bac te rial count as re vealed by
way of a trans mis sion elec tron mi cro scope analy sis of im -
pera to rin (50 mg/ml) treated S. dys en te riae that evi dently
had suc cumb to host oxi da tive stress. This loss of viru lence
is as so ci ated with at tenua tion of the cop per, zinc su per ox ide 
dis mu tase ac tiv ity in Shigella, which was con firmed by us -
ing the ac tiv ity stain ing of bac te rial cell lysate. Fur ther, by
per form ing dock ing analy sis, it has been dem on strated that
the im pera to rin pres ent in an aque ous ex tract of A. mar me los
in hib ited cop per, zinc su per ox ide dis mu tase. From the
above study, it was con cluded that Shigella had suc cumbed
to oxi da tive stress (host de fence) due to in hi bi tion of cop per, 
zinc su per ox ide dis mu tase (the pa tho gen’s de fence mecha -
nism) by im pera to rin, an ac tive com pound aque ous ex tract
of A. mar me los [40].

Smyth et. al. stud ied the an ti mi cro bial ac tivi ties of 43
natu rally oc cur ring (ie.  impera to rin, among oth ers) and syn -
thetic cou marins against a range of Gram- positive and
Gram- negative bac te ria, in clud ing a hos pi tal iso late of
methicillin- resistant Staphy lo coc cus au reus (MRSA). The
cou marins that ex hib ited good bio ac tiv ity against two S. au reus
strains were then as sessed for their an ti mi cro bial ac tivi ties
against a range of eight clini cally iso lated MRSA strains.
Nearly one- half of the tested com pounds dis played an ti mi -
cro bial ac tiv ity. Six teen of these cou marins also pos sessed
resistance- modifying ac tiv ity. This re versed the re sis tance
mecha nism in MRSA, al low ing the an ti mi cro bial ox acil lin
to ex ert an en hanced ef fect against an MRSA hos pi tal strain.
When tested in com bi na tion with ox acil lin, 8- iodo-5,7-
 dihydroxycoumarin had a simi lar ac tiv ity to van co my cin,
which is the cur rent drug of choice for the treat ment of
MRSA in fec tions [45].

It was found that im pera to rin pos sesses an an til is te rial ac -
tiv ity with a MIC value more sus cep ti ble to L. monocy-
to genes ATCC 19116 (15.62 mg/mL) than L. mono cy to -
genes ATCC 19111, 19166, 19118 and 15313 (31.25 – 62.5
mg/mL). The vi able count as say showed that im pera to rin at

MIC con cen tra tion, strongly in hib ited the growth of L. mono-
cyto genes ATCC 19116. At a 60 min ex po sure of the im -
pera to rin so lu tion, a steep de cline in colony- forming unit
(cfu) num bers was ob served against L. mono cy to genes
ATCC 19116. On scan ning elec tron mi cro scope ob ser va -
tion, it was found that the treat ment group showed par tially
col lapse of cells or de struc tion in their mor phol ogy, swel ling 
at end point with ly sis of cell wall, par tially dis torted shape
and pore for ma tion. Thus, im pera to rin had a det ri men tal ef -
fect on the mor pho logi cal dam ages of L. mono cy to genes
[39].

ANTI-HIV-1 ACTIVITY
Cou marins and struc tur ally re lated com pounds have been 

re cently shown to pres ent anti- human im mu no de fi ciency vi -
rus, type 1 (HIV-1) ac tiv ity. Among these, the die tary
fu ra no cou ma rin im pera to rin im pera to rin in hib its ei ther ve -
sicu lar sto ma ti tis virus- pseudotyped or gp160- enveloped
re com bi nant HIV-1 in fec tion in sev eral T cell lines and in
HeLa cells. Im pera to rin how ever, did not in hibit the re verse
tran scrip tion nor the in te gra tion steps in the vi ral cell cy cle.
Us ing sev eral 5- long ter mi nal repeat- HIV-1 con structs,
where criti cal re sponse ele ments were ei ther de leted or mu -
tated, it was found that the tran scrip tion fac tor Sp1 is criti cal
for the in hibi tory ac tiv ity of im pera to rin in duced by both
phor bol 12- myristate 13- acetate and HIV-1 Tat. Moreo ver,
in tran sient trans fec tions, im pera to rin spe cifi cally in hib ited
the phor bol 12- myristate 13- acetate- induced tran scrip tional
ac tiv ity of the Gal4- Sp1 fu sion pro tein. Since Sp1 is also im -
pli cated in cell cy cle pro gres sion, it was found that
im pera to rin strongly in hib ited cy clin D1 ex pres sion and ar -
rested the cells at the G1 phase of the cell cy cle. These
re sults high light the po ten tial of Sp1 tran scrip tion fac tor as a
tar get for natu ral anti- HIV-1 com pounds such as the fu ra no -
cou marins, which might have a po ten tial thera peu tic role in
the man age ment of AIDS [41].

HEPATOPROTECTIVE ACTIVITY
The number of pa tients with chronic hepa ti tis caused by

hepa ti tis C vi rus in fec tion is in creas ing world- wide. Chronic 
hepa ti tis caused by HCV in fec tion fi nally de vel ops into
a he pa to cel lu lar car ci noma. In one study, the ef fects of im -
perato rin on Con A- induced liver in jury was ex am ined. In
Con A- induced hepa ti tis, im pera to rin had shown stronger
ef fects than glycyr rhizin to de crease Con A- induced ele va -
tion of plasma al anine ami no trans fe rase. It is pos tu lated that
a blockade of Ca2+ chan nels or phos phodi es terases might be 
in volved in the pro tec tive ef fect of im pera to rin on liver in -
jury [31].

THE FUTURE PERSPECTIVES
Eth nomedi cine has, for many years, re vealed the posi tive

bio logi cal ac tiv ity of cou marins. Using mod ern meth ods of
iso la tion and through spe cific rat and mice mod els, such as
electroshocked in duced sei zures or chim ney tests, a sci en -
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tific analy sis of the phar ma col ogi cal po ten tial of vari ous
natu ral coumarin- containing com po nents is al lowed. Plants
from the Apiace and Ru ta ceae fami lies are the ba sic sources
for these ac tive com pounds, how ever,  most of the cou -
marins are avail able in die tary vege ta bles or in can dies,
al co hol bev er ages and fra grances. This data should be also
taken into con sid era tion dur ing the as sess ment of their fu -
ture per spec tives as phar ma ceu ti cal agents.

CONCLUSIONS
In such de mand ing ex pec ta tions, the cou marins with their 

vari ous, wide bio logi cal ac tiv ity seem to be the pana cea for
many dis eases. In this re gard, im pera to rin, be ing a very
widely ex am ined cou ma rin can be an im por tant per spec tive
for fu ture ther apy en hance ment. By way of re search, it is al -
ready known that its neuro- activity on GABA level is cru cial 
in im prov ing the treat ment of the neu ro de gen era tive dis -
eases as epi lepsy, Park in son dis ease, neu ro pathic pain, as
well as other neuro- diseases. Im pera to rin can also in flu ence
con ven tional anti- epileptic treat ment by way of vari ous
mecha nisms such as de creas ing the ED50 of sev eral drugs
used in treat ing this neu ro de gen era tive dis or der. In ad di tion,
it has been shown that it can mod ify the per me abil ity of the
blood/brain bar rier for anti- epileptic drugs such as car ba -
mazepine. The other rec og nized im pera to rin func tion is in
its posi tive ac tiv ity on blood pres sure, as com pare with vera -
pa mil, by way of its abil ity to block the cal cium chan nel, as
well as its ac tion on myo car dial hy per tro phy. In sev eral
stud ies, im pera to rin also ex plic itly sup pressed the in crease
of the size of the cells in duced by angio tensin II, which
seems to be the next posi tive prog no sis for the treat ment of
hy per ten sion. As to can cer, the anti pro lif era tive ac tiv ity of
cou marins could be im por tant for tu mor treat ment, hence
this is wor thy of in ves ti ga tion. 

In this re view, the role of im pera to rine in drug ther apy
was pre sented (based on sev eral stud ies), in com pari son to
other cou marins, so as to show its rank in the phar ma col ogi cal 
ac tiv ity within the cou ma rin group. This re view also pointed
out  that im pera to rin, as with the other cou marins, has a very
wide range of ad di tional ef fects be yond that men tioned
within this ar ti cle, in clud ing anti- inflammatory and an ti mi -
cro bial ac tiv ity. This too is wor thy of fur ther in ves ti ga tion. 
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