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Effects of Combination of
p-Dimethylaminoazobenzene and

Dioxin on Serum Lipid Profile

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  The li ver can cer ini ti a tor p-di meth yla mi no a zo ben ze ne and the po tent li ver
pro mo ter Di o xin are the en vi ron men tal pol lu tants that pe op le may be ex po sed to tho se in the ir da -
ily li ves. Butyry lcho li nes te ra se is a na tu ral de to xi fi cant that hydroly ses so me xe no bi o tics. The re-
la ti on bet we en butyry lcho li nes te ra se ac ti vity and li pop ro te in me ta bo lism is well do cu men ted. In
this study, we ai med to de ter mi ne the ef fects of two che mi cals that had po ten ti al of li ver can cer by
com bi ned ad mi nis tra ti on on butyry lchon li nes te ra se ac ti vity and se rum li pid pro fi le. MMaa  ttee  rrii  aall  aanndd
MMeett  hhooddss::  p-di meth yla mi no a zo ben ze ne was ad mi nis te red with di et as 0.06% ra ti o  for 15 we eks
and di o xin was ad mi nis te red we ekly as 70 ng/100 g body we ight for 13 we eks. At the end of the
study se rum LDL Cho les te rol, HDL Cho les te rol, Trigl yce ri de, and To tal Cho les te rol le vels and Bu-
tyry lcho li nes te ra se, Le cit hin: Cho les te rol Acyl trans fe ra se ac ti vi ti es we re me a su red. RRee  ssuullttss::  Bu-
tyry lcho li nes te ra se ac ti vity was in cre a sed (p< 0.01) whi le LDL Cho les te rol (p< 0.001), HDL
Cho les te rol (p< 0.01) and To tal Cho les te rol (p< 0.01) le vels we re dec re a sed sig ni fi cantly in p-di -
meth yla mi no a zo ben ze ne and di o xin tre a ted rats. The re was no chan ge in Le cit hin: Cho les te rol
Acyl trans fe ra se ac ti vity. CCoonncc  lluu  ssii  oonn::  Car ci no gens with li pop hi lic pro per ti es in cre a ses Butyry lcho -
li nes te ra se ac ti vity when ad mi nis te red with p-di meth yla mi no a zo ben ze ne and di o xin, and in te racts
with li pop ro te ins and ca u ses li pid pro te in me ta bo lism im pa ir ments.

KKeeyy  WWoorrddss::  Tet rach lo ro di ben zo di o xin; butyry lcho li nes te ra se; li pids; di o xins     

ÖÖZZEETT  AAmmaaçç::  Ka ra ci ğer kan se rin de ini si ya tör et ki li p-di me ti la mi no a zo ben zen ile po tent bir tü mör
pro mo tö rü olan di ok sin in san la rın gün lük ya şam la rın da ko lay lık la ma ruz ka la bil dik le ri çev re sel
kir le ti ci ler dir. Bü ti ril ko li nes te raz, ba zı kse no bi yo tik le ri hid ro li ze ede bi len do ğal bir de tok si fi kant -
tır ve bü ti ril ko li nes te raz ak ti vi te si ile li pop ro te in me ta bo liz ma sı ara sın da iliş ki ol du ğu bi lin mek te -
dir. Bu ça lış ma da ka ra ci ğer kan se ri oluş tur ma po tan si ye li ne sa hip bu iki kim ya sa lın bir lik te
ve ril me si nin bü ti ril ko li nes te raz ak ti vi te si ve se rum li pid pro fi li ne et ki le ri nin de ğer len di ril me si
amaç lan dı. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Sı çan la ra p-di me ti la mi no a zo ben zen 15 haf ta bo yun ca yem le riy le
be ra ber %0.06 ora nın da ve di ok sin 13 haf ta bo yun ca haf ta da bir 70 ng/100 g vü cut ağ. ora nın da ve -
ril di. Ça lış ma so nun da se rum LDL Ko les te rol, HDL Ko les te rol, Trig li se rid, To tal Ko les te rol se vi ye -
le ri ve Bü ti ril ko li nes te raz ile Le si tin: Ko les te rol Açil trans fe raz  ak ti vi te le ri öl çül dü. BBuull  gguu  llaarr::
p-di me ti la mi no a zo ben zen ve di ok sin uy gu la nan sı çan lar da Bü ti ril ko li nes te raz ak ti vi te si an lam lı
de re ce de ar tar ken (p< 0.01), LDL Ko les te rol (p< 0.001), HDL Ko les te rol (p< 0.01) ve To tal Ko les te -
rol (p< 0.01) an lam lı de re ce de azal mış tı. Le si tin: Ko les te rol Açil trans fe raz  ak ti vi te si ise de ğiş me di.
SSoo  nnuuçç::  Li po fi lik özel lik te ki kar si no jen ler, p-di me ti la mi no a zo ben zen ve di ok sin bir lik te ve ril di ğin -
de Bü ti ril ko li nes te raz ak ti vi te si ni art tı rır ken li pop ro te in ler le et ki le şir, li pid ve ko les te rol me ta bo -
liz ma sın da bo zuk luk la ra ne den olur.
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zo com po unds are ex ten si vely used as dyes
in dif fe rent in dus tri es inc lu ding cos me tics,
fo od, and tex ti le. So me azo com po unds gi -

ve ri se to car ci no ge ni city by highly re ac ti ve me ta -
bo lic in ter me di a tes which in te ract co va lently with
DNA and ca u se mu ta ti ons. p-di meth yla mi no a zo -
ben ze ne (p-DAB) is the ba sic struc tu re of the se
azo-dyes. It has be en used as a dye in fo od.1 It was
conc lu ded as a Gro up-2B car ci no gen by the IARC
(In ter na ti o nal Agency for Re se arch on Can cer).2

Be ca u se of its car ci no ge nic ac ti vity use of p-DAB
is pro hi bi ted in ro dents.1 p-DAB acts as an ini ti a tor
of li ver can cer when used chro ni cally and is known
to ca u se ha zards to hu mans and ani mals.3

Di o xins are un wan ted by-pro ducts of many
in dus tri al pro ces ses con sist of in dus tri al air emis si -
ons, was te in ci ne ra ti on and fu el com bus ti on.4 It al -
so oc curs na tu rally in vol ca nic erup ti ons and fo rest
fi res.5 2,3,7,8-Tet rach lo ro di ben zo-p-di o xin (TCDD,
Di o xin)  is con si de red as one of the most po tent
mem ber of di o xins. He pa to to xi city, car ci no ge ni -
city, te ra to ge ni city, in ter fe ren ce with li pid me ta -
bo lism, chlo rac ne, en doc ri ne dis rup ti on, was ting
syndro me, de ve lop men tal and rep ro duc ti ve to xi -
city are the ma in ad ver se ef fects of TCDD.4 A com-
mon fe a tu re of TCDD is its tu mor-pro mo ting
po tency in rat li ver, when the ani mals ha ve be en
tre a ted pre vi o usly with a ge no to xic (ini ti a ting) car-
ci no gen.6 The most po tent tu mor pro mo ter in ro-
dent li ver is TCDD.7 Ex po su re to TCCD in hu mans
is lar gely by di et and di o xins are ac cu mu la tes in di-
e tary cha in du e to the ir li pop hi li city, sta bi lity and
re sis tan ce to bi o deg ra da ti on.8

Af ter an oral in ta ke TCDD is trans por ted to
the plas ma by chylo mic rons vi a lympha tics. TCDD
is pri ma rily fo und in adi po se tis su e and li ver.9 It has
a high af fi nity of bin ding to li pop ro te ins and li -
pids.10 In vit ro hu man blo od stu di es sho wed that
TCDD is fo und in li pop ro te in frac ti on (80%), pro-
te ins (15% pri ma rily in se rum al bu min) and cel lu -
lar com po nents (5%).11 Ac cor ding to Ma ri no vich
et al. ma xi mal bin ding ca pa city for TCDD was ex-
er ted by VLDL, fol lo wed by LDL, and HDL.12 Are-
hart et al. sho wed that at low mo lar ra ti os of
TCDD/li pop ro te ins (3:1), both the struc tu re and bi-
o lo gi cal ac ti vity of apo CII (Apo li pop ro te in CI I),

LDL, and VLDL are af fec ted. They al so conc lu ded
that the amo unt of this al te ra ti on may ca u se cel lu -
lar al te ra ti on.13

Pol ya kov et al. conc lu ded that li pop ro te ins
trans port li pop hi lic car ci no gens such as TCDD, 3-
methy lcho lant hre ne, and p-di meth yla mi no a zo -
ben ze ne.14 P-DAB is trans por ted pre do mi nantly by
LDL. Bin ding pro cess to li pop ro te ins and trans por -
ta ti on is alig ned by the ru le from high to low den-
sity such as LDL, HDL, and VLDL.15

Butyry lcho li nes te ra se (BuC hE, EC 3.1.1.8) is
al so known as “pse u do ” cho li nes te ra se. It is synthe -
si zed in li ver and pri ma rily fo und in se rum.16 BuC -
hE acts on hydrop hi lic and hydrop ho bic Co lin
es ters17,18 and hydroly ses so me xe no bi o tics.19 BuC -
hE is a bi o lo gic de to xi fi cant for drugs, or ga nop -
hosp ha tes, and car ba ma te in sec ti ci de.20 Pre vi o us
stu di es de mons tra ted cor re la ti on of se rum BuC hE
ac ti vity with obe sity, co ro nary ar tery di se a se, and
trigl yce ri de (TG), VLDL-C, LDL-C and apo li pop -
ro te in B with type II di a be tes mel li tus and he pa tic
li pid con tent.21,22 In cre a se of BuC hE ac ti vity in cer-
ta in me ta bo lic di sor ders is known for a long ti me.
High BuC hE ac ti vi ti es are typi cal for pa ti ents with
hyperc ho les te ro le mi a, hyper ten si on, obe sity, and
Type I or Type II di a be tes. Bra da man te et al. con-
c lu ded that the re is a re la ti ons hip bet we en BuC hE
ac ti vity, li pop ro te in me ta bo lism, and se rum phos-
p ho li pids le vels. Ho we ver, the mec ha nism of this
in te rac ti on has not be en de mons tra ted yet.23 In the
light of this da ta, this study was de sig ned to eva lu -
a te the ef fects of p-DAB and di o xin com bi na ti ons
on BuC hE ac ti vity and li pid pro fi les. 

MA TE RI AL AND MET HODS
The ex pe ri ments des cri bed in this ar tic le we re per-
for med in ad he ren ce to Na ti o nal Ins ti tu tes of He -
alth Gu i de li nes on the use of ani mals in
ex pe ri men tal stu di es. The ex pe ri men tal pro to col
was ac cep ted by the Et hi cal Com mit te e of Es ki se -
hir Os man ga zi Uni ver sity. The study was per for -
med at Es ki se hir Os man ga zi Uni ver sity, Fa culty of
Me di ci ne, De part ment of Bi oc he mistry. Six te en
Spra qu e Daw ley ma le rats, 16 we eks of age we re
used. The rats we re ho u sed in 22-240C ro om tem-
pe ra tu re with a 12-ho urs pe ri od of light-dark cycle.
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p-DAB (0.06%) was ad ded to di et. Di o xin was re-
sol ved in corn oil (0.25 ml/100 g body we ight) and
ad mi nis te red (70 ng/100 g body we ight on ce a we -
ek) by ga va ge. The ani mals we re di vi ded in to two
gro ups; gro up 1 (con trol, n= 8) and gro up 2 (study,
n= 8). Gro up 1 was fed by the stan dard rat chow,
corn oil by ga va ge, and tap wa ter. Gro up 2 took tap
wa ter and p-DAB (Sig ma-6760) with di et for 15
we eks; Di o xin (TCDD, Ac cus tan dard-D-404N) was
ad mi nis te red by ga va ge for 13 we eks af ter the ini-
ti a ti on of p-DAB in the se cond we ek.  Two rats di -
ed in gro up 2 du ring the study. At the end of the
study in tra car di ac blo od samp les we re with drawn
un der et her anest he si a and the rats we re sac ri fi ced
by cer vi cal dis lo ca ti on. Se rum TG, LDL-C, HDL-C,
and To tal cho les te rol (TC) le vels we re me a su red by
Roc he au to a naly ser. BuC hE ac ti vity was me a su red
by spec trop ho to met ric met hod of Ell man and co-
wor kers.24 Lecithin cholesterol acyltransferase
(LCAT) ac ti vity was me a su red by spec trop ho to -
met ric met hod of Na ga sa ki and Aka nu ma.25

The da ta was analy zed by SPSS 15.0 pac ked
prog ram. Stu dent t-test and Mann Whit ney U tests

we re used for nor mal and ab nor mal dis tri bu ted da -
ta, res pec ti vely. Da ta was ex pres sed as the me an ±
SD. p< 0.05 was conc lu ded as sta tis ti cally sig ni fi -
cant.  

RE SULTS
Se rum LDL-C, HDL-C and TC le vels dec re a sed in
our study. TC (p< 0.01**), LDL-C (p< 0.001***) and
HDL-C (p< 0.01**) le vels of the gro up 2 was sta tis -
ti cally lo wer than gro up 1 (Tab le 1 and Tab le 2). It
was ob ser ved we ight loss at day 105th of gro up 2 (p<
0.05*). Body we ights al te ra ti ons bet we en the first
and 105th days we re shown in Tab le 3.

TG le vels we re hig her in the gro up 2 than the
gro up 1, but the dif fe ren ce was sta tis ti cally not sig-
ni fi cant. The re was no chan ge in LCAT ac ti vity in
p-DAB and di o xin tre a ted rats, and the re was no
cor re la ti on bet we en LCAT ac ti vity and li pid pa ra -
me ters. Se rum BuC hE ac ti vity was al so sig ni fi -
cantly in cre a sed in p-DAB and di o xin tre a ted rats
(p< 0.01**), (Tab le 2). The re was no cor re la ti on be-
t we en BuC hE ac ti vity and li pid pa ra me ters. 

Group 1 (Mean ± SD) Group 2 (Mean ± SD) t S.D. p

TG (mg/dL) 58 ± 16.41 68.16 ± 21.83 0.911 10 p= 0.384

TC (mg/dL) 68.66 ± 7.06 50.83 ± 7.41 4.266 10 p= 0.002

LDL-C (mg/dL) 13.66 ± 1.21 6 ± 2.75 6.237 10 p= 0.001

LCAT (µmol/mL/h) 2.56 ± 1.67 2.42 ± 1.65 0.146 10 p= 0.887

TABLE 1: Serum TG, TC, LDL-C, LCAT levels of Group 1 (n: 8) and Group 2 (n: 6).

Note: Statistical analysis was by Student t-test in case of normal distribution.

TG: Triglyceride; TC: Total cholestrol; LDL-C: LDL cholesterol; LCAT: Lecithin cholesterol acyltransferase.

Group 1 Mean (25%-75%) Group 2 Mean (25%-75%) P

HDL-C (mg/dL) 51.5 (49-59.75) 42.5 (34.25-43.25) p= 0.002

BuChE (µmol/mL/min) 0.017 (0.01-0.018) 0.025(0.023-0.028) p= 0.002

TABLE 2: Mean HDL-C, BuChE serum levels and 25th and 75th percentiles and p values.

Note: Statistical analysis was by Mann-Whitney test in case of nonnormal distribution.

HDL-C: HDL cholesterol; BuChE: Butyrylcholinesterase.

First day bw (g) (Mean ± SD) 105th day bw (g) (Mean ± SD) t S.D. p

Group 1 302.3 ± 16.6 317.3 ± 24.2 0.672 10 p=0.519

Group 2 307.8 ± 11.2 282.0 ± 23.3 2.460 10 p=0.034

TABLE 3: Body weight alterations between first and 105th days.

Note: Statistical analysis was by Student t-test in case of normal distribution.

bw: Body weight.



DIS CUS SI ON 
In this study BuC hE ac ti vity in cre a sed in gro up 2.
Yo ko ya ma et al. sho wed an in cre a se in BuC hE ac-
ti vity in 3’-Methyl-4-di meth yla mi no a zo ben ze ne
in du ced he pa to cel lu lar car ci no ma in rats.26 The re is
no da ta abo ut in te rac ti on bet we en BuC hE ac ti vity
with p-DAB and di o xin in li te ra tu re. It was known
that BuC hE may de to xify so me xe no bi o tics. The in-
cre a sed ac ti vity of BuC hE in this study may be du -
e to the de to xi fi ca ti on of p-DAB and di o xin.19,20

BuC hE in te racts with li pid and li pop ro te in me ta -
bo lism.27 In cre a sed BuC hE ac ti vity in cer ta in me ta -
bo lic di sor ders has be en known for a long ti me.
High BuC hE ac ti vi ti es are typi cal for pa ti ents with
hyperc ho les te ro le mi a, hyper ten si on, obe sity, and
Type I or Type II di a be tes. In such pa ti ents, BuC hE
ac ti vity shows a strong po si ti ve cor re la ti on with se -
rum le vels of LDL-C and trigl yce ri des and in ver se
cor re la ti on with se rum HDL-C. Si mi lar chan ges
we re al so ob ser ved in ani mals.28 Ho we ver, a cor re -
la ti on was not ob ser ved bet we en BuC hE ac ti vity
and se rum li pids in this study. Se rum TC, LDL-C
and HDL-C le vels dec re a sed in gro up 2. Fletc her et
al. sug ges ted that TCDD ex po su re mar kedly al ters
cho les te rol me ta bo lism and synthe sis and trans port
of bi le acids.29 So me epi de mi o lo gi cal stu di es of wor -
kers and com mu nity re si dents ha ve re por ted that
to tal cho les te rol le vels sig ni fi cantly in cre a sed
among per sons ex po sed to TCDD com pa red with
con trols. In a study of Bri tish wor kers, one ye ar ex-
po su re to TCDD had ce a sed, to tal cho les te rol le vels
com pa red sig ni fi cantly ele va ted com pa red with
tho se of unex po sed con trols. Cho les te rol did not el-
e va te in most ot her stu di es.30 It was known that
TCDD dec re a ses the synthe sis of 3-hydroxy-3-
methy lglu taryl-Co A re duc ta se (HMGR), which is a
re gu la tor in cho les te rol bi osyn the sis.31 Four we ek
of ex po su re to 10μg/kg TCDD ca u sed 60% in hi bi ti -
on of he pa tic cho les te rol synthe sis wit ho ut af fec -
ting the fatty acid synthe sis eit her in li ver or adi po se
tis su e.32 The re duc ti on in se rum TC le vels may be
du e to the in hi bi ti on of he pa tic cho les te rol synthe -
sis by TCDD,32 which may be as so ci a ted with lo wer
se rum LDL le vels in this study.

Pol ya kov et al. de mons tra ted that TCDD, 3-
methy lcho lant hre ne and p-DAB are trans por ted by

li pop ro te ins. They conc lu ded that li pop hi li city of
the car ci no gen is im por tant for li gand bin ding to
li pop ro te ins.14 Ac cor ding to Are hart et al. TCDD
bo unds pri ma rily with of LDL and VLDL and dis-
rupts the se con dary and ter ti ary li pop ro te in struc-
tu re and dec re a ses cel lu lar up ta ke.13 Hjelm borg et
al. sho wed that TCDD con ge ner Aroc lor-PCB ca u -
se re duc ti on in VLDL, LDL and HDL le vels, and in-
cre a se in cho les te rol and trigl yce ri de le vels in
pi ge ons.33 Chen et al. re por ted that p-DAB was
trans por ted in plas ma ma inly by LDL and they
conc lu ded if LDL is the ma jor trans port ve hic le for
wa ter-in so lub le car ci no gens in vi vo, the ra mi fi ca -
ti ons may be pro fo und. Spe ci fic re cep tor si tes for
LDL exist in a va ri ety of nor mal cells such as hu -
man fib rob lasts, lymphocy tes, and ar te ri al smo oth
musc le cells. The in te rac ti on of LDL with this spe-
ci fic re cep tor ini ti a tes a se ri es of comp lex pro ces ses
in vol ving en docy to sis and lyso so mal deg ra da ti on
of the in ter na li zed LDL, with con co mi tant ac ti va -
ti on of acyl-co enz yme A: cho les te rol acyl trans fe -
ra se (ACAT) and sup pres si on of HMG-Co A
re duc ta se wit hin cul tu red cells.15 Low le vels of
LDL-C and HDL-C in this study are in ac cor dan ce
with Hjelm borg et al. low le vels of LDL-C may be
eit her du e to di o xin in du ced in hi bi ti on of he pa tic
cho les te rol synthe sis or deg ra da ti on of in ter na li zed
LDL-C which is the pri mary trans por ter of p-DAB
and di o xin in plas ma. Di o xin dec re a ses Li pop ro te -
in Li pa se (LPL) ac ti vity.32 LPL ac ti vity re gu la tes
HDL-C le vels and po si ti vely cor re la tes with HDL-
C le vels.34 Low le vels of HDL-C in gro up 2 may due
to dec re a sed LPL ac ti vity by dioxin.

In this study HDL-C le vels we re dec re a sed. In
con trast LCAT ac ti vity was not chan ged. LCAT is a
plas ma enz yme that es te ri fi es fre e cho les te rol, pri-
ma rily at the sur fa ce of the HDL par tic le, af ter the
mig ra ti on of cho les te rol es ter mo le cu les to the in -
ner co re of HDL. Thro ugh this ac ti on, LCAT plays
a key ro le in the ma tu ra ti on of HDL par tic les. It is
al so known that re duc ti on of LCAT ac ti vity cor re -
la te with re duc ti on of HDL le vels.35

The re was no dif fe ren ce in TG le vels bet we en
gro ups in this study. The re are few stu di es which
re ports ele va ted trigl yce ri des le vels among Bri tish
trich lo rop he nol (TCP) wor kers that are highly ex-
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po sed to bet we en chlo rac ne and among sub jects
with hig her TCDD le vels from the US Ranch Hand
Stu di es 1987 and 1992. Trigl yce ri de le vels did not
ele va te in ot her stu di es.36,37 Even tho ugh the epi-
de mi o lo gic hu man stu di es ha ve shown that the re
was an as so ci a ti on bet we en di o xin ex po su re and se -
rum trigl yce ri des le vels. Lind et al. sho wed that se -
rum trigl yce ri des le vels did not al te r in rats tre a ted
with di o xin.38 Our re sults are in ac cor dan ce with
Lind et al.

One of the to xic ef fects of di o xin is was ting
syndro me39 and body we ight me a su re ments of gro -
up 2 con fir med this da ta. Be ca u se of its high-li pid
so lu bi lity, di o xin ac cu mu la tes in adi po se tis su e,39

and se ve rely im pa irs car bohy dra te and li pid me ta -
bo lism in li ver and adi po se tis su e.40 The bi oc he mi -
cal mec ha nism of body we ight loss ca u sed by
di o xin ex po su re might be exp la i ned by strong in hi-
bi ti on of li pid synthe sis in the adi po se tis su e, dec -

re a sed flow of fatty acids in to adi po se tis su e du e to
mar ked re duc ti on in li pop ro te in li pa se ac ti vity and
in cre a sed mo bi li za ti on of adi po se tis sue.32

The se en vi ron men tal pol lu tants and li pop hi -
lic car ci no gens are ea sily ac ces sib le in da ily li fe.
They can bind with the li pop ro te in frac ti ons in
plas ma and des truct the ir cel lu lar up ta ke. They
may ca u se dis tur ban ces in li pid cho les te rol me ta -
bo lisms by chan ging the ac ti vity of so me enz ymes
of li pid cho les te rol bi osyn the sis. They can al so
chan ge in ac ti vity of dif fe rent enz ymes in li ver 

In conc lu si on it was ob ser ved in this study that
p-DAB combinated with di o xin in cre a sed BuC hE
ac ti vity, and dec re a sed se rum li pop ro te ins. 
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