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Effects of Combination of
p-Dimethylaminoazobenzene and
Dioxin on Serum Lipid Profile

p-Dimetilaminoazobenzen ve
Dioksin Kombinasyonunun
Serum Lipid Profili Uzerine Etkileri

ABSTRACT Objective: The liver cancer initiator p-dimethylaminoazobenzene and the potent liver
promoter Dioxin are the environmental pollutants that people may be exposed to those in their da-
ily lives. Butyrylcholinesterase is a natural detoxificant that hydrolyses some xenobiotics. The re-
lation between butyrylcholinesterase activity and lipoprotein metabolism is well documented. In
this study, we aimed to determine the effects of two chemicals that had potential of liver cancer by
combined administration on butyrylchonlinesterase activity and serum lipid profile. Material and
Methods: p-dimethylaminoazobenzene was administered with diet as 0.06% ratio for 15 weeks
and dioxin was administered weekly as 70 ng/100 g body weight for 13 weeks. At the end of the
study serum LDL Cholesterol, HDL Cholesterol, Triglyceride, and Total Cholesterol levels and Bu-
tyrylcholinesterase, Lecithin: Cholesterol Acyltransferase activities were measured. Results: Bu-
tyrylcholinesterase activity was increased (p< 0.01) while LDL Cholesterol (p< 0.001), HDL
Cholesterol (p< 0.01) and Total Cholesterol (p< 0.01) levels were decreased significantly in p-di-
methylaminoazobenzene and dioxin treated rats. There was no change in Lecithin: Cholesterol
Acyltransferase activity. Conclusion: Carcinogens with lipophilic properties increases Butyrylcho-
linesterase activity when administered with p-dimethylaminoazobenzene and dioxin, and interacts
with lipoproteins and causes lipid protein metabolism impairments.
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OZET Amag: Karaciger kanserinde inisiyator etkili p-dimetilaminoazobenzen ile potent bir tiimér
promotorii olan dioksin insanlarin giinlitk yasamlarinda kolaylikla maruz kalabildikleri ¢evresel
kirleticilerdir. Biitirilkolinesteraz, baz1 ksenobiyotikleri hidrolize edebilen dogal bir detoksifikant-
tir ve biitirilkolinesteraz aktivitesi ile lipoprotein metabolizmasi arasinda iliski oldugu bilinmekte-
dir. Bu ¢aliymada karaciger kanseri olusturma potansiyeline sahip bu iki kimyasalin birlikte
verilmesinin biitirilkolinesteraz aktivitesi ve serum lipid profiline etkilerinin degerlendirilmesi
amaglandi. Gereg ve Yontemler: Sicanlara p-dimetilaminoazobenzen 15 hafta boyunca yemleriyle
beraber %0.06 oraninda ve dioksin 13 hafta boyunca haftada bir 70 ng/100 g viicut ag. oraninda ve-
rildi. Caligma sonunda serum LDL Kolesterol, HDL Kolesterol, Trigliserid, Total Kolesterol seviye-
leri ve Biitirilkolinesteraz ile Lesitin: Kolesterol Agiltransferaz aktiviteleri 6l¢tildii. Bulgular:
p-dimetilaminoazobenzen ve dioksin uygulanan si¢anlarda Biitirilkolinesteraz aktivitesi anlamh
derecede artarken (p< 0.01), LDL Kolesterol (p< 0.001), HDL Kolesterol (p< 0.01) ve Total Koleste-
rol (p< 0.01) anlaml derecede azalmist1. Lesitin: Kolesterol Agiltransferaz aktivitesi ise degismedi.
Sonug: Lipofilik 6zellikteki karsinojenler, p-dimetilaminoazobenzen ve dioksin birlikte verildigin-
de Biitirilkolinesteraz aktivitesini arttirirken lipoproteinlerle etkilesir, lipid ve kolesterol metabo-
lizmasinda bozukluklara neden olur.

Anahtar Kelimeler: Tetraklorodibenzodioksin; biitirilkolinesteraz; lipidler; dioksinler
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zocompounds are extensively used as dyes
Ain different industries including cosmetics,

food, and textile. Some azo compounds gi-
ve rise to carcinogenicity by highly reactive meta-
bolic intermediates which interact covalently with
DNA and cause mutations. p-dimethylaminoazo-
benzene (p-DAB) is the basic structure of these
azo-dyes. It has been used as a dye in food.! It was
concluded as a Group-2B carcinogen by the IARC
(International Agency for Research on Cancer).?
Because of its carcinogenic activity use of p-DAB
is prohibited in rodents.! p-DAB acts as an initiator
of liver cancer when used chronically and is known
to cause hazards to humans and animals.?

Dioxins are unwanted by-products of many
industrial processes consist of industrial air emissi-
ons, waste incineration and fuel combustion.* It al-
so occurs naturally in volcanic eruptions and forest
fires.’ 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD,
Dioxin) is considered as one of the most potent
member of dioxins. Hepatotoxicity, carcinogeni-
city, teratogenicity, interference with lipid meta-
bolism, chloracne, endocrine disruption, wasting
syndrome, developmental and reproductive toxi-
city are the main adverse effects of TCDD.* A com-
mon feature of TCDD is its tumor-promoting
potency in rat liver, when the animals have been
treated previously with a genotoxic (initiating) car-
cinogen.® The most potent tumor promoter in ro-
dent liver is TCDD.” Exposure to TCCD in humans
is largely by diet and dioxins are accumulates in di-
etary chain due to their lipophilicity, stability and
resistance to biodegradation.®

After an oral intake TCDD is transported to
the plasma by chylomicrons via lymphatics. TCDD
is primarily found in adipose tissue and liver.’ It has
a high affinity of binding to lipoproteins and li-
pids.'® In vitro human blood studies showed that
TCDD is found in lipoprotein fraction (80%), pro-
teins (15% primarily in serum albumin) and cellu-
lar components (5%)."" According to Marinovich
et al. maximal binding capacity for TCDD was ex-
erted by VLDL, followed by LDL, and HDL.'? Are-
hart et al. showed that at low molar ratios of
TCDD/lipoproteins (3:1), both the structure and bi-
ological activity of apo CII (Apolipoprotein CII),
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LDL, and VLDL are affected. They also concluded
that the amount of this alteration may cause cellu-
lar alteration.'

Polyakov et al. concluded that lipoproteins
transport lipophilic carcinogens such as TCDD, 3-
methylcholanthrene, and p-dimethylaminoazo-
benzene.'* P-DAB is transported predominantly by
LDL. Binding process to lipoproteins and transpor-
tation is aligned by the rule from high to low den-
sity such as LDL, HDL, and VLDL.?

Butyrylcholinesterase (BuChE, EC 3.1.1.8) is
also known as “pseudo” cholinesterase. It is synthe-
sized in liver and primarily found in serum.'® BuC-
hE acts on hydrophilic and hydrophobic Colin
esters'”'® and hydrolyses some xenobiotics."”” BuC-
hE is a biologic detoxificant for drugs, organop-
hosphates, and carbamate insecticide.”’ Previous
studies demonstrated correlation of serum BuChE
activity with obesity, coronary artery disease, and
triglyceride (TG), VLDL-C, LDL-C and apolipop-
rotein B with type II diabetes mellitus and hepatic
lipid content.?* Increase of BuChE activity in cer-
tain metabolic disorders is known for a long time.
High BuChE activities are typical for patients with
hypercholesterolemia, hypertension, obesity, and
Type I or Type II diabetes. Bradamante et al. con-
cluded that there is a relationship between BuChE
activity, lipoprotein metabolism, and serum phos-
pholipids levels. However, the mechanism of this
interaction has not been demonstrated yet.”® In the
light of this data, this study was designed to evalu-
ate the effects of p-DAB and dioxin combinations
on BuChE activity and lipid profiles.

I MATERIAL AND METHODS

The experiments described in this article were per-
formed in adherence to National Institutes of He-
alth Guidelines on the use of animals in
experimental studies. The experimental protocol
was accepted by the Ethical Committee of Eskise-
hir Osmangazi University. The study was perfor-
med at Eskisehir Osmangazi University, Faculty of
Medicine, Department of Biochemistry. Sixteen
Spraque Dawley male rats, 16 weeks of age were
used. The rats were housed in 22-24°C room tem-
perature with a 12-hours period of light-dark cycle.
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p-DAB (0.06%) was added to diet. Dioxin was re-
solved in corn oil (0.25 ml/100 g body weight) and
administered (70 ng/100 g body weight once a we-
ek) by gavage. The animals were divided into two
groups; group 1 (control, n= 8) and group 2 (study,
n= 8). Group 1 was fed by the standard rat chow,
corn oil by gavage, and tap water. Group 2 took tap
water and p-DAB (Sigma-6760) with diet for 15
weeks; Dioxin (TCDD, Accustandard-D-404N) was
administered by gavage for 13 weeks after the ini-
tiation of p-DAB in the second week. Two rats di-
ed in group 2 during the study. At the end of the
study intracardiac blood samples were withdrawn
under ether anesthesia and the rats were sacrificed
by cervical dislocation. Serum TG, LDL-C, HDL-C,
and Total cholesterol (TC) levels were measured by
Roche autoanalyser. BuChE activity was measured
by spectrophotometric method of Ellman and co-

workers.*

Lecithin cholesterol acyltransferase
(LCAT) activity was measured by spectrophoto-

metric method of Nagasaki and Akanuma.?

The data was analyzed by SPSS 15.0 packed
program. Student t-test and Mann Whitney U tests
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were used for normal and abnormal distributed da-
ta, respectively. Data was expressed as the mean +
SD. p< 0.05 was concluded as statistically signifi-
cant.

I RESULTS

Serum LDL-C, HDL-C and TC levels decreased in
our study. TC (p< 0.01**), LDL-C (p< 0.001***) and
HDL-C (p< 0.01*) levels of the group 2 was statis-
tically lower than group 1 (Table 1 and Table 2). It
was observed weight loss at day 105% of group 2 (p<
0.05%). Body weights alterations between the first
and 105" days were shown in Table 3.

TG levels were higher in the group 2 than the
group 1, but the difference was statistically not sig-
nificant. There was no change in LCAT activity in
p-DAB and dioxin treated rats, and there was no
correlation between LCAT activity and lipid para-
meters. Serum BuChE activity was also signifi-
cantly increased in p-DAB and dioxin treated rats
(p< 0.01*), (Table 2). There was no correlation be-
tween BuChE activity and lipid parameters.

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

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+275 6.237 10 p=0.001
LCAT (pmol/mL/h) 2.56 + 1.67 2.42 £1.65 0.146 10 p=0.887

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.

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

Group 1 Mean (25%-75%) Group 2 Mean (25%-75%) P
HDL-C {mg/dL) 51.5 (49-59.75) 425 (34.25-43.25) p= 0.002
BuChE (umol/mL/min) 0.017 (0.01-0.018) 0.025(0.023-0.028) p=0.002

Note: Statistical analysis was by Mann-Whitney test in case of nonnormal distribution.
HDL-C: HDL cholesterol; BuChE: Butyrylcholinesterase.

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

First day bw (g) (Mean + SD) 105" 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

Note: Statistical analysis was by Student t-test in case of normal distribution.
bw: Body weight.
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I DISCUSSION

In this study BuChE activity increased in group 2.
Yokoyama et al. showed an increase in BuChE ac-
tivity in 3’-Methyl-4-dimethylaminoazobenzene
induced hepatocellular carcinoma in rats.?® There is
no data about interaction between BuChE activity
with p-DAB and dioxin in literature. It was known
that BuChE may detoxify some xenobiotics. The in-
creased activity of BuChE in this study may be du-
e to the detoxification of p-DAB and dioxin.!*
BuChE interacts with lipid and lipoprotein meta-
bolism.” Increased BuChE activity in certain meta-
bolic disorders has been known for a long time.
High BuChE activities are typical for patients with
hypercholesterolemia, hypertension, obesity, and
Type I or Type II diabetes. In such patients, BuChE
activity shows a strong positive correlation with se-
rum levels of LDL-C and triglycerides and inverse
correlation with serum HDL-C. Similar changes
were also observed in animals.?® However, a corre-
lation was not observed between BuChE activity
and serum lipids in this study. Serum TC, LDL-C
and HDL-C levels decreased in group 2. Fletcher et
al. suggested that TCDD exposure markedly alters
cholesterol metabolism and synthesis and transport
of bile acids.” Some epidemiological studies of wor-
kers and community residents have reported that
total cholesterol levels significantly increased
among persons exposed to TCDD compared with
controls. In a study of British workers, one year ex-
posure to TCDD had ceased, total cholesterol levels
compared significantly elevated compared with
those of unexposed controls. Cholesterol did not el-
evate in most other studies.®® It was known that
TCDD decreases the synthesis of 3-hydroxy-3-
methylglutaryl-CoA reductase (HMGR), which is a
regulator in cholesterol biosynthesis.?' Four week
of exposure to 10ug/kg TCDD caused 60% inhibiti-
on of hepatic cholesterol synthesis without affec-
ting the fatty acid synthesis either in liver or adipose
tissue.?? The reduction in serum TC levels may be
due to the inhibition of hepatic cholesterol synthe-
sis by TCDD,*? which may be associated with lower
serum LDL levels in this study.

Polyakov et al. demonstrated that TCDD, 3-
methylcholanthrene and p-DAB are transported by
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lipoproteins. They concluded that lipophilicity of
the carcinogen is important for ligand binding to
lipoproteins.'* According to Arehart et al. TCDD
bounds primarily with of LDL and VLDL and dis-
rupts the secondary and tertiary lipoprotein struc-
ture and decreases cellular uptake.'® Hjelmborg et
al. showed that TCDD congener Aroclor-PCB cau-
se reduction in VLDL, LDL and HDL levels, and in-
crease in cholesterol and triglyceride levels in
pigeons.®® Chen et al. reported that p-DAB was
transported in plasma mainly by LDL and they
concluded if LDL is the major transport vehicle for
water-insoluble carcinogens in vivo, the ramifica-
tions may be profound. Specific receptor sites for
LDL exist in a variety of normal cells such as hu-
man fibroblasts, lymphocytes, and arterial smooth
muscle cells. The interaction of LDL with this spe-
cific receptor initiates a series of complex processes
involving endocytosis and lysosomal degradation
of the internalized LDIL, with concomitant activa-
tion of acyl-coenzyme A: cholesterol acyltransfe-
rase (ACAT) and suppression of HMG-CoA
reductase within cultured cells.’® Low levels of
LDL-C and HDL-C in this study are in accordance
with Hjelmborg et al. low levels of LDL-C may be
either due to dioxin induced inhibition of hepatic
cholesterol synthesis or degradation of internalized
LDL-C which is the primary transporter of p-DAB
and dioxin in plasma. Dioxin decreases Lipoprote-
in Lipase (LPL) activity.?> LPL activity regulates
HDL-C levels and positively correlates with HDL-
Clevels.** Low levels of HDL-C in group 2 may due
to decreased LPL activity by dioxin.

In this study HDL-C levels were decreased. In
contrast LCAT activity was not changed. LCAT isa
plasma enzyme that esterifies free cholesterol, pri-
marily at the surface of the HDL particle, after the
migration of cholesterol ester molecules to the in-
ner core of HDL. Through this action, LCAT plays
a key role in the maturation of HDL particles. It is
also known that reduction of LCAT activity corre-
late with reduction of HDL levels.®

There was no difference in TG levels between
groups in this study. There are few studies which
reports elevated triglycerides levels among British
trichlorophenol (TCP) workers that are highly ex-
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posed to between chloracne and among subjects
with higher TCDD levels from the US Ranch Hand
Studies 1987 and 1992. Triglyceride levels did not
elevate in other studies.’**” Even though the epi-
demiologic human studies have shown that there
was an association between dioxin exposure and se-
rum triglycerides levels. Lind et al. showed that se-
rum triglycerides levels did not alter in rats treated
with dioxin.*® Our results are in accordance with
Lind et al.

One of the toxic effects of dioxin is wasting
syndrome® and body weight measurements of gro-
up 2 confirmed this data. Because of its high-lipid
solubility, dioxin accumulates in adipose tissue,*
and severely impairs carbohydrate and lipid meta-
bolism in liver and adipose tissue.*’ The biochemi-
cal mechanism of body weight loss caused by
dioxin exposure might be explained by strong inhi-
bition of lipid synthesis in the adipose tissue, dec-
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reased flow of fatty acids into adipose tissue due to
marked reduction in lipoprotein lipase activity and
increased mobilization of adipose tissue.*

These environmental pollutants and lipophi-
lic carcinogens are easily accessible in daily life.
They can bind with the lipoprotein fractions in
plasma and destruct their cellular uptake. They
may cause disturbances in lipid cholesterol meta-
bolisms by changing the activity of some enzymes
of lipid cholesterol biosynthesis. They can also
change in activity of different enzymes in liver

In conclusion it was observed in this study that
p-DAB combinated with dioxin increased BuChE
activity, and decreased serum lipoproteins.

Acknowledgement

We would like to thank Dr. Tayfun Aydin from Dumlu-
pinar University, Faculty of Medicine for proof-reading

and corrections.

I REFERENCES

Kato TA, Matsuda T, Matsui S, Mizutani T, Sa- 7. Worner W, Schrenk D. Influence of liver tumor xin to plasma lipoproteins may delay toxicity
eki K. Activation of the aryl hydrocarbon re- promoters on apoptosis in rat hepatocytes in- in experimental hyperlipidemia. Chem Biol In-
ceptor by methyl yellow and related duced by 2-acetylaminofluorene, ultraviolet teract. 1983;45(3):393-9.
congeners: struct.ure?activity.relationships in light, or transforming growth factor 1. Can- 13. Arehart E, Giasson G, Walsh MT, Patterson
halogenated derivatives. Biol Pharm Bull cer Res 1996;56(6):1272-8. H. Dioxin alters the human low-density and
2002;25(4):466-71. 8. Viluksela M, BagerY, Tuomisto JT, Scheu G, very low-density lipoprotein structure with ev-
International Agency for Research on Cancer Unkila M, Pohjanvirta R, et al. Liver tumor-pro- idence for specific quenching of Trp-48 in apo-
(IARC). On the evaluation of carcinogenic risk moting activity of 2,3,7,8-tetrachlorodibenzo- lipoprotein C-II. Biochemistry 2004;43(26):
of chemicals to man Group 2B. 1987; 8:7. p-dioxin (TCDD) in TCDD-sensitive and 8503-9.
Bhattachariee N, Pathak S, Khuda-Bukhsh ;&%%e;'ftggtﬂrzg strains. Cancer ReS 4 polyakov LM, Chasovskikh MI, Parin LE. Bin-
AB. .Ameflloratlon ofpgrcmpgen-mduced FOXI- 160(24):6911-20. . ding and transport of benzo[a]pyrene by blood
city in mlce.by administration of a potenhzed 9. Lakshmanan MR,.CampbeII. BS, Chirtel SJ, plasma lipoproteins: the possible role of apo-
homeopath|c drug, natrum sulphuricum 200. Ekgrohlta N, Ezgklel M. S.tudlles Ion the mech- lipoprotein B in this process. Bioconjugate
Evid Based Complement Alternat Med anism of absorption and distribution of 2,3,7,8- Chenm 1996:7(4):396-400
2009;6(1):65-75. tetrachlorodibenzo-p-Dioxin in the rat. J o ' .
Fouzy ASM, Desouky HM, Ghazi YA, Ham- Pharmacol Exp Therap 1986;239(3): 673-7. 15. CheanC', Bradley WA, Qotto AM'.Jr, Morrlse?t

L : ) . o JD. Binding of the chemical carcinogen, p-di-
mam AM. Some Clinico and Histopathological ~ 10. Basavaraju S, Jones TD. Atherosclerotic risks .
Changes in Female Goats Experimentally Es- from chemicals: Part |. Toxicological observa- methylamln().azoben.zene, by human plasma
posed to Dioxin Pak. J Biol Sci 2007;10(8): tions and mechanisms of atherosclerosis. low density lipoproteins. FEBS Lett 1979;104
1213-20. Arch Environ Contam Toxicol 1998;35(1):152- (2):236-40.
Hutz RJ, Carvan Il M, Baldridge MG, Con- 64. 16. Massoulié J, Pezzementi L, Bon S, Krejci E,
ley LK, Heiden TK. Environmental toxicants ~ 11. Henderson LO, Patterson DG Jr. Distributi- Vallette FM. Molecular and cellular biology of
and effects on female reproductive function. on of 2,3,7,8-tetrachlorodibenzo-p-Dioxin in cholinesterase. Prog Neurobiol. 1993;41(1):
Tren Reprod Bio 2006;2:1-11. human whole blood and its association with, 31-91.
Bohnenberger S, Wagner B, Schmitz HJ, and extractability from lipoproteins. Bull 17, Hijikata-Okunomiya O, Okamoto S, TamaoY,
Schrenk D. Inhibition of apoptosis in rat hepa- Environ Contam Toxicol 1988;40(4):604- Kikumoto R. N-Dansyl- L-arginine4-phenylpi-
tocytes treated with 'non-Dioxin-like' polychlo- " peridine amide: a potent and selective inhibi-
rinated biphenyls. Carcinogenesis 2001;22  12. Marinovich M, Sirtori CR, Galli CL, Paoletti R. tor of horse serum cholinesterase. J Biol

(10):1601-6.

Turkiye Klinikleri J Cardiovasc Sci 2010;22(3)

The binding of 2,3,7,8-tetrachlorodibenzoDio-

Chem 1988;263(23):11269-73.

309



Fahrettin AKYUZ ve ark.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Miiller TC, Rocha JBT, Morsch VM, Neis RT,
Schetinger MRC. Antidepressants inhibit hu-
man acetylcholinesterase and butyrylcholi-
nesterase activity. Biochim Biophys Acta
2002;1587(1):92-8.

Lockridge O. Structure of human serum cho-
linesterase. Bioessays 1988; 9(4):125-8.

Mehrani H. Simplified procedures for purifica-
tion and stabilization of human plasma butyry-
Icholinesterase. Proc Biochem 2004;39(7):
877-82.

Chu MI, Fontaine P, Kutty KM, Murphy D,
Redheendran R. Cholinesterase in serum and
low density lipoprotein of hyperlipidemic pati-
ents. Clin Chim Acta 1978;85(1):55-9.

Hashim Y, Shepherd D, Wiltshire S, Holman
RR, Levy JC, Clark A, et al. Butyrylcholineste-
rase K variant on chromosome 3 q is asso-
ciated with Type Il diabetes in white Caucasian
subjects. Diabetologia 2001;44 (12):2227-30.

Bradamante V, Kmic Z, Zrinski R, Konjevoda
P, Reiner Z. Changes in butyrylcholinesterase
activity and serum lipids after oxprenolol and
glibenclamide treatments in non-diabetic rats.
Arzneimittelforschung 2006;56(2):64-9.

Ellman GC, Courtney KD, Andres V, Feat-
herstone RM. A new and rapid colorimetric de-
termination of acetylcholinesterase activity.
Biochem Pharmacol 1961;7:88-95.

Nagasaki T, and Y Akanuma. A new colori-
metric method for the determination of plas-
ma lecithin: cholesterol acyltransferase
activity. Clin Chim Acta 1977; 75(3):371-5.

Yokoyama S, Kaneko A, Dempo K, Chisaka
N, MorA M, Onoe T. Histochemical and cyto-
chemical study of butyrylcholinesterase acti-
vity in rat hepatocellular carcinomas induced

310

27.

28.

29.

30.

31.

32.

by 3'-methyl-4-dimethylaminoazobenzene.
Cancer Res 1982;42(10):4158-63.

Lucic Vrdoljak A, Bradamante V, Radic B,
Peraica M, Fuchs R, Reiner Z. Butyrylcholi-
nesterase activity and plasma lipids in dexa-
methasone treated rats. Acta Pharm 2005;55
(2):177-85.

Osada J, Aylagas H, Sanchez-Ramos B, Miro-
Obradors MJ, Arce C, Cao G, et al. Associ-
ation between rat serum cholinesterase and
some phospholipids components of lipoprote-
ins in thioacetamide-induced hepatic injury.
Toxicology 1990;63(2):245-51.

Fletcher N, Wahlstrém D, Lundberg R, Nils-
son CB, Nilsson KC, Stockling K, et al. 2,3,7,8-
Tetrachlorodibenzo-p-Dioxin (TCDD) alters
the mRNA expression of critical genes asso-
ciated with cholesterol metabolism, bile acid
biosynthesis, and bile transport in rat liver: a
microarray study. Toxicol Appl Pharmacol
2005;207(1):1-24.

Pelclova D, Fenclova Z, Preiss J, Prochazka
B, Spacil J, Dubska Z, et al. Lipid metabolism
and neuropsychological follow-up study of
workers exposed to 2,3,7,8- tetrachlordiben-
z0- p-Dioxin. Int Arch Occup Environ Health
2002;75 Suppl:S60-6.

Nishiumi S, Yabushita Y, Furuyashiki T, Fuku-
da |, Ashida H. Involvement of SREBPSs in
2,3,7,8-tetrachlorodibenzo-p-Dioxin-induced
disruption of lipid metabolism in male guinea
pig. Toxicol Appl Pharmacol 2008;229(3):281-
9.

Lakshman MR, Chirtel SJ, Chambers LL, Co-
utlakis PJ. Effects of 2, 3, 7, 8-tetrachlorodi-
benzo-p-Dioxin on lipid synthesis and
lipogenic enzymes in the rat J Pharmacol Exp
Ther 1989;248(1):62-6.

33.

34.

35.

36.

37.

38.

39.

40.

p-DIMETILAMINOAZOBENZEN VE DIOKSIN KOMBINASYONUNUN SERUM LiPiD PROFILI UZERINE ETKISI

Hjelmborg PS, Andreassen TK, Bonefeld-Jor-
gensen EC. Cellular uptake of lipoproteins and
persistent organic compounds-An update and
new data. Environ Res 2008;108(2):192-8.

Goldberg IJ. Lipoprotein lipase and lipolysis:
central roles in lipoprotein metabolism and at-
herogenesis. J Lipid Res 1996;37(4):693-707.

Hovingh GK, Hutten BA, Holleboom AG, Pe-
tersen W, Rol P, Stalenhoef A, et al. Compro-
mised LCAT function is associated with
increased atherosclerosis. Circulation 2005;
112(6):879-84.

WHO/IARC. IARC monographs on the eval-
uation of carcinogenic risks to humans.
Polychlorinated dibenzo-para-Dioxins and
polychlorinated dibenzofurans. Lyon 1997;
69:1-631.

Ott MG, Messerer P, Zober A. Assessment of
past occupational exposure to 2, 3, 7, 8-tet-
rachlorodibenzo-p-Dioxin using blood lipid
analyses. Int Arch Occup Environ Healt
1993;65(1):1-8.

Lind PM, Orberg J, Edlund UB, Sjoblom L,
Lind L. The Dioxin-like pollutant PCB 126 (3,
3 4, 4 , 5-pentachlorobiphenyl) affects risk
factors for cardiovascular disease in female
rats. Toxicology Letters 2004;150(3):293-9.

Kern PA, Dicker-Brown A, Said ST, Kennedy
R, Fonseca VA. The stimulation of tumor nec-
rosis factor and inhibition of glucose transport
and lipoprotein lipase in adipose cells by
2,3,7,8-tetrachlorodibenzo-p-Dioxin. Metabo-
lism 2002;51(1):65-8.

Brewster DW, Matsumura F. Reduction of adi-
pose tissue lipoprotein lipase activity as a re-
sult of in vitro administration of 2, 3, 7,
8-tetrachlorodibenzo-p-Dioxin to guinea pig.
Biochem Pharmacol 1988;37(11):2247-53.

Turkiye Klinikleri ] Cardiovasc Sci 2010;22(3)



