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Nitrosodimethylamine is a carcinogenic compound which can be formed from thereaction

of nitrite and dimethylamine that is found in food. Nitrosodimethylamineis activated in

liver and alkylates the DNA base and producing a DNA adductssuch as O6-methylguanine

and N7-methylguanine that have a role incarcinogenesis. In this research, DNA was iso-

lated from rat’s blood which waspreviously given nitrosodimethylamine’s precursor, sodium

nitrite anddimethylamine. DNA adducts can be obtained from hydrolysis in hydrochlori-

cacid 0.1 N for 30 minutes at 7000C. Then the adducts were analyzed using High Perfor-

mance Liquid Chromatography (HPLC), with a strong cation exchangecolumn (Supelcosil

LC-SCX, 5 μ m, 250 x 4.6 mm), mobile phase consisting ofammonium phosphate with a

final concentration of 40 mM, pH 3.00, flow rate 1.5mL/minute, column temperature 30oC

and detected at exitation wavelength 286 nm and emission wavelength 366 nm. This meth-

od gave an acceptable validation result according to accuracy and precicion test results that

fulfill the requirementand linear calibration curve with a quantitation limit of 22,5403 ng/

mL. Rats were divided into six groups that two groups were given nitrosodimethylamine

aspositive control, three groups were given prekursor, and the other was normalcontrol.

Blood samples were collected in 1,2 and 4 hour after last induced. Aftergiving sodium ni-

trite 110 mg/kg bw and dimethylamine (1:5) orally for a week,N7-methylguanine and O6-

methylguanine had not been detected in rat’s blood.
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Nitrosodimetilamin merupakan senyawa karsinogenik yang dapat terbentuk melalui reaksi

nitrit dan dimetilamin yang sering ditemukan dalam makanan. Nitrosodimetilamin akan

diaktivasi di hati dan mengalkilasi basa DNA sehinggaterbentuk adduct DNA seperti O6-

metilguanin dan N7-metilguanin yang berperandalam karsinogenesis. Pada penelitian ini

dilakukan pengisolasian DNA daridarah tikus yang diberikan prekursor nitrosodimetil-

amin yaitu natrium nitrit dandimetilamin. Adduct DNA dapat diperoleh dari hidrolisis

DNA dengan asamklorida pada suhu 7000C, kemudian adduct tersebut dianalisis meng-

gunakan Kromatografi Cair Kinerja Tinggi dengan kolom penukar kation kuat(Supelcosil®
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LC-SCX, 5μ m, 250 x 4,6 mm), fase gerak amonium fosfat dengan konsentrasi akhir 40

mM, kecepatan alir 1,5 ml/menit, suhu kolom 30°C dan diukur pada panjang gelombang

eksitasi 286 nm dan emisi 366 nm. Metode yang digunakan memberikan hasil validasi

yang baik berdasarkan hasil uji akurasi dan presisi yang memenuhi persyaratan, kurva

kalibrasi yang linear, dan batas kuantitasi 22,5403 ng/mL. Tikus sebanyak 24 ekor dibagi

menjadi enam kelompok yaitu dua kelompok diberikan nitrosodimetilamin sebagai kon-

trol positif, tiga kelompok diberikan prekursor dan satu kelompok adalah kontrol normal.

Pengambilan darah dilakukan pada 1, 2 dan 4 jam setelah induksi terakhir. Setelahpembe-

rian natrium nitrit 110 mg/kg bb dan dimetilamin (1:5) selama seminggu,belum terdeteksi

adanya O6-metilguanin dan N7-metilguanin dalam darah tikus.

,BUB LVODJ� adduct DNA, dimetilamin, natrium nitrit, nitrosodimetilamin, N7-metilgua-

nin, O6-metilguanin
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8)0 NFNQFSLJSBLBO TFUJBQ UBIVO ��
KVUB PSBOH EJ TFMVSVI EVOJB NFOEFSJUB
LBOLFS EBO �� KVUB EJBOUBSBOZB�NFOJOH�
HBM EVOJB 	*OUFSOBUJPOBM 6OJPO "HBJOUT
$BODFS� ����
� +JLB UJEBL EJLFOEBMJLBO
EJQFSLJSBLBO��� KVUB PSBOH BLBO NFOEFS�
JUB LBOLFS EBO �� KVUB NFOJOHHBM LBSFOB
LBOLFS QBEB UBIVO ���� 	8)0 ����
�
#FSEBTBSLBO 3JTFU ,FTFIBUBO %BTBS
	3JTLFTEBT
������  EJ *OEPOFTJB QSFWB�
MFOTJ UVNPS�LBOLFS BEBMBI �� QFS������
QFOEVEVL� ,BOLFS NFSVQBLBO QFOZFCBC
LFNBUJBO OPNPS � 	���
 TFUFMBI TUSPLF
UVCFSLVMPTJT IJQFSUFOTJ DFEFSB QFSJOB�
UBM EBO EJBCFUFT� NFMJUVT 	%FQBSUFNFO
,FTFIBUBO 3FQVCMJL *OEPOFTJB ����
�
%BSJ TUVEJ FQJEFNJPMPHJT EJLFUBIVJ CBIXB
QFOJOHLBUBO JOTJEFO LBOLFS CFSIVCVOHBO
EFOHBO NVUBTJ ZBOH EJTFCBCLBO PMFI TFO�
ZBXB LBSTJOPHFO EBSJ MJOHLVOHBO 	4NBSU
����
 UFSNBTVL 4FOZBXB OJUSPTBNJO VN�
VNOZB EJUFNVLBO QBEB NBLBOBO� ZBOH
NFOHBOEVOH OJUSBU BUBV OJUSJU TFCBHBJ
QFOHBXFU TFQFSUJ QBEB TBZVSBO BUBV EBH�
JOH EBO QBEB NBLBOBO ZBOH EJBTBQLBO
	3PTULPXTLB ;XJFS[ 3P[BOTLJ .POJVT[�
LP�+BLPOJVL � 3PT[D[FOLP ����
�

/JUSPTBNJO EBQBU UFSCFOUVL TFDBSB JO WJUSP
	EBMBN CBIBO NBLBOBO
 NBVQVO TFDBSB
JO WJWP 	EBMBN UVCVI NBOVTJB
�EBO QFN�
CFOUVLBO TFDBSB JO WJWP MFCJI CFSQFSBO
EBMBN NFOJNCVMLBO HBOHHVBO LFTFIB�
UBO� 1FNCFOUVLBO OJUSPTBNJOF TFDBSB JO
WJWP JOJ EBQBU UFSKBEJ�NFMBMVJ SFBLTJ OJUSJU
BUBV OJUSBU�EFOHBO BNJO QSJNFS TFLVOEFS
EBO UFSTJFS EBMBN LBOEVOHBO� NBLBOBO
BUBVQVO EBMBN PSHBO NBOVTJB ZBOH UJEBL
UFSQBQBS TFOZBXB JOJ 	3PTULPXTLB ;XJ�
FS[ 3P[BOTLJ .POJVT[LP� +BLPOJVL �
3PT[D[FOLP ����
�

1PUFOTJ LBSTJOPHFO TFOZBXB OJUSPTBNJO
KVHB CFSWBSJBTJ EBO EBQBUNFOHJOEVLTJ
UVNPS QBEB CFCFSBQB TQFTJFT IFXBO EJ
CFSCBHBJ UFNQBU 	-JUFQMP .FFL � 8JO�
EMF ����
� #FCFSBQB TUVEJ QBEB NBOVTJB
NFOFNVLBO IVCVOHBO BOUBSB LBOLFS
MBNCVOH TFSUB LFBCOPSNBMBO QBEB IBUJ
BLJCBU QFOHLPOTVNTJBO TFOZBXB OJUSPT�
PEJNFUJMBNJO 	-JUFQMP .FFL � 8JOEMF
����
� ,BSFOB CFSCBHBJ TUVEJ ZBOH UFMBI
EJMBLVLBO *"3$ 	*OUFSOBUJPOBM "HFODZ
GPS 3FTFBSDI PO $BODFS
� NFOZJNQVMLBO
CBIXB BNCJMBO OJUSBU EBO OJUSJU ZBOH EB�
QBU NFOZFCBCLBO OJUSPTBTJ TFDBSB FOEP�
HFO UFSNBTVL HSVQ �" 	NVOHLJO LBSTJOP�
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HFO QBEB NBOVTJB
 	*OUFSOBUJPOBM "HFODZ
GPS 3FTFBSDI PO $BODFS ����
�

1FOFMJUJBO UFSEBIVMV UFMBI EJUFNVLBO BE�

EVDU ZBOH CFSLBJUBO� EFOHBO QSPTFT LBST�
JOPHFOFTJT� "EEVDU JOJ NFSVQBLBO CJP�
NBSLFS LFSVTBLBO %/" ZBOH NVOHLJO
EBQBU NFOZFCBCLBO LBOLFS EJ LFNVEJBO
IBSJ� "EEVDU %/" ZBOH UFSCFOUVL EBSJ
QBQBSBO OJUSPTPEJNFUJMBNJO� EJBOUBSBOZB
BEBMBI /��NFUJMHVBOJO 	��� EBSJ TFNVB
BEEVDU
 0��NFUJMHVBOJO 	��
 EBO BE�
EVDU MBJO EBMBN KVNMBI� LFDJM ZBOH EJBO�
UBSBOZB BEBMBI /��NFUJMBEFOJO 	��
 EBO
0��NFUJMUJNJO 	4PVMJPUJT ����
�

,SPNBUPHSBGJ DBJS LJOFSKB UJOHHJ NFSVQB�
LBO NFUPEF ZBOH TFTVBJ VOUVL NFOHBOB�
MJTJT LPNQPOFO�LPNQPOFO BTBN OVLMFBU
EBO EFSJWBUOZB EBMBN TBNQFM CJPMPHJ 	/B�
UBMJB ����
� 1BEB QFOFMJUJBO� JOJ BOBMJTJT
BEEVDU ZBJUV /��NFUJMHVBOJO EBO 0��
NFUJMHVBOJO EJMBLVLBO TFDBSB ,SPNBUP�
HSBGJ $BJS ,JOFSKB 5JOHHJ 	,$,5
 QFOVLBS
LBUJPO LVBU EFOHBO EFUFLUPS GMVPSFTFOTJ�

5VKVBO QFOFMJUJBO JOJ VOUVL NFNQFSPMFI
LPOEJTJ PQUJNVN VOUVL BOBMJTJT /��
NFUJMHVBOJO EBO��0��NFUJMHVBOJO NFOH�
HVOBLBO LSPNBUPHSBGJ DBJS LJOFSKB UJOHHJ
EFOHBO EFUFDUPS GMVPSFTFOTJ EBO NFMBLV�
LBO EFUFLTJ EBO LVBOUJUBTJ BEEVDU� ZBOH
UFSCFOUVL TFUFMBI QFNCFSJBO OBUSJVN OJ�
USJU EBO EJNFUJMBNJO CFSVMBOH QBEB UJLVT�

.&50%&

"MBU

"MBU o BMBU ZBOH BLBO EJHVOBLBO QBEB QF�
OFMJUJBO JOJ BEBMBI LBOEBOH UJLVT EBO QFS�
MFOHLBQBOOZB� TPOEF MBNCVOH� UJNCBO�
HBO IFXBO 	.FUUMFS�5PMFEP
�LFSBOKBOH
UJNCBOHBO� TBSVOH UBOHBO� LPSBO� QJQFU
IFNBUPLSJU� UBCVOH ,�&%5"�TQVJU�����
N- EBO � NM� ,$,5 ZBOH UFSEJSJ EBSJ

LPMPN 	4VQFMDPTJM -$�4$9��� êN��� Y

�� NN
 QPNQB 	4IJNBE[V -$���"%
WQ
 PWFO LPMPN 	5$ ����
 EFUFDUPS GMV�
PSFTFOTJ 	4IJNBE[V 3'���" YM
 TZTUFN
DPOUSPMMFS 	4IJNBE[V 4$-���" WQ
��EBO
SFLPSEFS 	4IJNBE[V $MBTT�71
� TZSJOHF
��� ê- 	)BNJMUPO
� QFOZBSJOH FMVFO ���
êN 	8IBUNBO
� MFNBSJ QFOEJOHJO 	4BN�
TVOH $PPMUFDI #JP
� WPSUFY 	.BYJ .JY **
�
UFSNPNJYFS 	&QQFOEPSG
� BMBU TFOUSJGV�
HBTJ 	%4$���� 4%
� UJNCBOHBOBOBMJUJL
	"/%
� QFOHBEVL VMUSBTPOJL 	&MNBTPO�
JD
� QJQFU FQQFOEPSG �� ��� ����ê-� Q)
NFUFS 	&VUFDI
� TBNQMF DVQ� TQBUFM� NBH�
OFUJD TUJSSFS� CMVF UJQ� ZFMMPX UJQ� XIJUF UJQ�
QFOBOHBT BJS� LBQBT� UBCVOH DPOJDBM �� NM�
%/" RVBOUJUJ[FS� BMBU�BMBU HFMBT�

#BIBO

#BIBO �CBIBO ZBOH EJHVOBLBO EBMBN QF�
OFMJUJBO JOJ BEBMBI TUBOEBS /JUSPTPEJNF�
UJMBNJO 	8BLP 1VSF $IFNJDBMT
� EJNF�
UJMBNJO 	.FSDL
� OBUSJVN OJUSJU 	.FSDL
�
NBLBOBO UJLVT� FUFS 	.FSDL
� 0��NFUJM�
HVBOJO 	"MESJDI
� /��NFUJMHVBOJO	'MVLB
�
HVBOJO 	4JHNB
� BEFOJO 	4JHNB
� NFUBOPM
)1-$ HSBEF 	.FSDL
� BNPOJVN EJIJ�
ESPHFO GPTGBU 	.FSDL
� BTBN LMPSJEB
	.FSDL
� ,BMJVN EJIJESPHFOGPTGBU 	.FS�
DL
� BLVBCJEFTUJMBUB 	,IBSJTNB 6UBNB
�
USJT� BNPOJVN LMPSJEB� LBMJVNLBSCPOBU�
/B�&%5"� OBUSJVN LMPSJEB� TPEJVN
EPEFTJM TVMGBU 	4%4
� OBUSJVN IJESPL�
TJEB� GFOPM 	.FSDL
� LMPSPGPSN 	.FSDL
�
IJESPLVJOPO 	.FSDL
� QSPUFJOBTF , 	'FS�
NFOUBT
� FUBOPM BCTPMVU 	.FSDL
� FUBOPM
���� BLVBEFTUJMBUB�

)FXBO6KJ

)FXBO VKJ ZBOH EJHVOBLBO BEBMBI UJLVT
QVUJI EFXBTB KBOUBO HBMVS 4QSBHVF�%BX�
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MFZ EFOHBO CPCPU ������� HSBN� )FXBO

VKJ EJQFSPMFI� EBSJ #BHJBO /PO�3VNJOBO�
TJB EBO TBUXB )BSBQBO�EJ 'BLVMUBT 1FUFS�
OBLBO *OTUJUVU 1FSUBOJBO #PHPS�

$BSB ,FSKB

1FNCVBUBO -BSVUBO ZBOH %JHVOBLBO VO�
UVL *TPMBTJ %/"

1FNCVBUBO -BSVUBO 1FMJTJT %BQBS 4BMJOF�

&%5" 	EBQBS 4&
 5SJT�&%5" 	5&
 -BSV�
UBO 5SJT�)$M�� . Q) � -BSVUBO 4PEJVN
%PEFTJM 4VMGBU 	4%4
 ��� -BSVUBO 'FOPM�
,MPSPGPSN 	���
 EJMBLVLBO NFOVSVU DBSB
ZBOH UFSUFSB QBEB 4BNCSPPL 'SJUTDI �
.BOJBUJT 	����
�

1FNCVBUBO -BSVUBO 1SPUFJOBTF , 	�� NH�

NM


4FCBOZBL ���� ê- 1SPUFJOBTF� , EFOHBO

LPOTFOUSBTJ� ��� NH�N- EJQJQFU LFNV�
EJBO EJMBSVULBO EBMBN EBQBS 5& IJOHHB �
N- TFMBNB �� NFOJU QBEB TVIV LBNBS�

1FODBSJBO ,POEJTJ 0QUJNVN VOUVL "OB�
MJTJT 0��NFUJMHVBOJO /��NFUJMHVBOJO

(VBOJO EBO "EFOJO�

,POEJTJ BXBM ZBOH EJHVOBLBO VOUVL BOB�
MJTJT BEBMBI CFSEBTBSLBO QFOFMJUJBO TFCFM�
VNOZB ZBJUV EFOHBO NFOHHVOBLBO LPMPN
QFOVLBS LBUJPO LVBU 	4VQFMDPTJM-$�4$9

UFNQFSBUVS LPMPN ��P$� GBTF HFSBL BN�
NPOJVN GPSNBU�NFUBOPM 	����
 EFOHBO
LPOTFOUSBTJ BLIJS BNNPOJVN GPSNBU ��
N.� Q) ��� MBKV BMJS ��NM�NFOJU EBO
EFOHBO NFOHHVOBLBO EFUFLUPS GMVPSFTFO�
TJ ZBOH EJVLVS QBEBQBOKBOH HFMPNCBOH
FLTJUBTJ� ��� ON EBO QBOKBOH HFMPNCBOH
FNJTJ ��� ON 	4BSJ����
�

4FCBOZBL� ��� ê- DBNQVSBO MBSVUBO

TUBOEBS��0��NFUJMHVBOJO �� êH�NM /��
NFUJMHVBOJO� �� êH�NM HVBOJO � êH�N-
EBO BEFOJO �� êH�N- EJTVOUJLLBO LF�
EBMBN ,$,5 EFOHBO NFOHHVOBLBO WBSJ�
BTJ LPOTFOUSBTJ GBTF HFSBL NBTJOH�NBTJOH

ZBJUV EFOHBO NFOHHVOBLBO BNPOJVN
GPTGBU� �� N. �� N. �� N. Q) ����
,FDFQBUBO BMJS ZBOH EJHVOBLBO BEBMBI ��
N-�NFOJU TVIV LPMPN� ��P$ EBO EJEF�
UFLTJ QBEB QBOKBOH HFMPNCBOH FLTJUBTJ ���
ON EBO FNJTJ ��� ON� ,FNVEJBO EJDBUBU
XBLUV SFUFOTJ 	U3
 EJIJUVOH KVNMBI� MFN�
QFOH UFPSJUJT 	/
 )&51 EBO GBLUPS JLVUBO
	5G 
� ,PNQPTJTJ GBTF HFSBL ZBOH EJQJMJI EJ�
UFOUVLBO QBEB��LPOEJTJ ZBOHNFNCFSJLBO
/ ZBOH UJOHHJ )&51 ZBOH SFOEBI EBO
NFNJMJLJ SFTPMVTJ ZBOH CBJL�

7BMJEBTJ.FUPEF "OBMJTJT

6KJ ,FTFTVBJBO 4JTUFN

4FCBOZBL� ��� ê- DBNQVSBO MBSVUBO
TUBOEBS��0��NFUJMHVBOJO �� êH�N- EBO
/��NFUJMHVBOJO� � êH�N- EJTVOUJLLBO� LF
EBMBN ,$,5 QBEB LPOEJTJ BOBMJTJT UFSQJM�
JI� 1SPTFEVS EJVMBOHJ TFCBOZBL� MJNB LBMJ�
%BSJ LSPNBUPHSBN ZBOH EJQFSPMFI EJ�
UFOUVLBO FGJTJFOTJ LPMPN 	/ EBO )&51

GBLUPS JLVUBO EBO LPFGJTJFO WBSJBTJOZB� 4F�
CBOZBL���� ê- DBNQVSBO�MBSVUBO TUBOEBS
0��NFUJMHVBOJO� �� êH�NM /��NFUJMHVB�
OJO �� êH�NM HVBOJO � êH�NM EBO BEFOJO
�� êH�N- EJTVOUJLLBO� LFEBMBN ,$,5
QBEB LPOEJTJ BOBMJTJT UFSQJMJI� 1SPTFEVS
EJVMBOHJ TFCBOZBL MJNB LBMJ� %BSJ LSPNB�
UPHSBN ZBOH EJQFSPMFI EJUFOUVLBO SFTP�
MVTJOZB�

6KJ 4FMFLUJWJUBT

4FCBOZBL� ��� ê- MBSVUBO TUBOEBS 0��

NFUJMHVBOJO �� êH�NM /��NFUJMHVBOJO
�� êH�NM HVBOJO � êH�NM EBO BEFOJO

�� êH�N- EJTVOUJLLBO LFEBMBN ,$,5
QBEB LPOEJTJ BOBMJTJT UFSQJMJI LFNVEJBO
EJDBUBU XBLUV SFUFOTJ EBSJ NBTJOH�NBTJOH
TUBOEBS�
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1FNCVBUBO ,VSWB ,BMJCSBTJ EBO 1FOFO�

UVBO #BUBT %FUFLTJ� 	-0%
 EBO #BUBT

,VBOUJUBTJ 	-02


4FCBOZBL� ��� ê- DBNQVSBO MBSVUBO

TUBOEBS 0��NFUJMHVBOJO EFOHBO LPOTFO�
USBTJ��� �� �� ��� ��� ��������� ��� EBO����
OH�N- EBO /��NFUJMHVBOJOEFOHBO LPO�
TFOUSBTJ ��� ��� ��� ���� ���� ����� �����
���� EBO ���� OH�N- EJTVOUJLLBO� LF
EBMBN BMBU ,$,5 QBEB LPOEJTJ BOBMJTJT
UFSQJMJI� "SFB ZBOH EJQFSPMFI LFNVEJBO
EJDBUBU EBO EJCVBU LVSWB LBMJCSBTJOZB MBMV
EJIJUVOH LPFGJTJFO LPSFMBTJOZB 	S
 TFSUB
IBSHB -0% EBO -02�

6KJ ,FUFQBUBO� 	"LVSBTJ
 EBO ,FTFLTB�

NBBO 	1SFTJTJ


4FCBOZBL� ��� ê- DBNQVSBO MBSVUBO
TUBOEBS 0��NFUJMHVBOJO� EFOHBO LPO�
TFOUSBTJ� ���� ���� �� êH�N- EBO /��

NFUJMHVBOJO EFOHBO LPOTFOUSBTJ ���
���� êH�N- EJTVOUJLLBO LF EBMBN ,$,5
QBEB LPOEJTJ BOBMJTJT UFSQJMJI� 1SPTFEVS
EJVMBOHJ TFCBOZBL FOBN LBMJ� %BSJ BSFB
ZBOH EJQFSPMFI EJIJUVOH � EJGGFSFOTJBTJ
TJNQBOHBO CBLV SFMBUJG EBO LPFGJTJFO WB�
SJBTJOZB� ,POTFOUSBTJ MBSVUBO TUBOEBS EJ�
IJUVOH EFOHBO NFOHHVOBLBO LVSWB LBMJ�
CSBTJ CBSV ZBOH EJCVBU QBEB IBSJ BLVSBTJ
QSFTJTJ EJMBLVLBO�

6KJ 4UBCJMJUBT

4FCBOZBL �� ê- DBNQVSBO MBSVUBO TUBOEBS

0��NFUJMHVBOJO� �� êH�N- EBO/��NFUJM�
HVBOJO � êH�N- EJTVOUJLLBO LF EBMBN BMBU
,$,5 QBEB LPOEJTJ BOBMJTJT UFSQJMJI� "SFB
ZBOH EJQFSPMFI EJDBUBU EJIJUVOH TJNQBO�
HBO CBLV SFMBUJG EBO LPFGJTJFO WBSJBOTJOZB�
4JNQBO MBSVUBO EBMBN MFNBSJ QFOEJOHJO�
1SPTFEVS JOJ EJVMBOHJ LFNCBMJ QBEB IBSJ
LF EVB EBO LF UJHB EFOHBO GSFLVFOTJ QFO�

ZVOUJLBO NBTJOH�NBTJOH UJHB LBMJ�3FBLTJ

%/" EFOHBO /JUSPTPEJNFUJMBNJO *O

7JUSP

%/" ZBOH EJJTPMBTJ EBSJ EBSBI EJUBNCBI�

LBO �N.&%5"�3FBLTJLBO%/"EFOHBO
���� N- OJUSPTPEJNFUJMBNJO EBMBN EB�
QBS USJT ��� . Q) ��� ,FNVEJBO MBSVUBO
EJJOLVCBTJ TFMBNB �� KBN QBEB TVIV ��P$�
4FUFMBI EJJOLVCBTJ FOEBQLBO %/" EFO�
HBO NFOHHVOBLBO� �Y WPMVNF FUBOPM BC�
TPMVU� 4FOUSJGVT QBEB ���� SQN TFMBNB���
NFOJU� 1JOEBILBO TVQFSOBUBO� LF UBCVOH
MBJO� )JESPMJTJT FOEBQBO EBO TVQFSOBUBO
EFOHBO MBSVUBO )$M �� / QBEB TVIV ��P$
TFMBNB ��NFOJU EBO TVOUJLBO BMJRVPU LF
,$,5 TFCBOZBL� �� ê-������ 3FBLTJ (VB�
OJO EFOHBO /JUSPTPEJNFUJMBNJO *O 7JUSP
(VBOJO TFCBOZBL � NH EJMBSVULBO EBMBN
� N- MBSVUBO LBMJVN EJIJESPHFO GPTGBU �
N. EFOHBO MBSVUBO OJUSPTPEJNFUJMBNJO
���� N- EBMBN EBQBS 5SJT ��� .Q) ��
EBO EJJOLVCBTJ QBEB TVIV ��P$ TFMBNB��
KBN� (VBOJO ZBOH UFSBMLJMBTJEJFOEBQLBO
EFOHBO NFOHHVOBLBO MBSVUBO FUBOPM BC�
TPMVU EJTFOUSJGVHBTJ EFOHBO LFDFQBUBO
����� QVUBSBO QFS NFOJU TFMBNB �� NFOJU
EJDVDJ LFNCBMJ FOEBQBO HVBOJO UFSBMLJMBTJ
EFOHBO NFOHHVOBLBO MBSVUBO FUBOPM ���
EBO EJTFOUSJGVHBTJ LFNCBMJ� &OEBQBO HVB�
OJO EBO TVQFSOBUBO� EJIJESPMJTJT� EFOHBO
NFOHHVOBLBO � N- MBSVUBO BTBN LMPSJEB
�� / QBEB TVIV ��P$ TFMBNB� �� NFOJU�
)BTJM IJESPMJTJT� HVBOJO EBO TVQFSOBUBO
EJTVOUJLLBO TFCBOZBL �� ê- LF ,$,5
QBEB LPOEJTJ BOBMJTJT UFSQJMJI�

1FSMBLVBO UFSIBEBQ)FXBO6KJ

0SJFOUBTJ 1FOFOUVBO %PTJT /B/0� VOUVL
1FNCFOUVLBO "EEVDU %/" .BLTJNVN
QBEB 5JLVT

1BEB QFOFMJUJBO JOJ EJHVOBLBO UJLVT QVUJI
EFXBTB KBOUBO HBMVS 4QSBHVF%BXMFZ TFCB�
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HBJ IFXBO VKJ� )FXBO VKJ ZBOH EJHVOBLBO CFSBTBM EBSJ HBMVS TFSUB KFOJT LFMBNJO ZBOH

TBNB� 6NVS EBO CFSBU CBEBO QVO EJVTBIBLBO TBNB� 4FKVNMBI UJLVT EJHVOBLBO VOUVL
NFODBSJ LBEBS BEEVDU %/" NBLTJNVN QBEB UJLVT� 1FSUBNB�EJMBLVLBO PSJFOUBTJ EPTJT
/B/0� 	-%�� � ��� NH�LH ##
 EFOHBO NFOHHVOBLBO�� LFMPNQPL UJLVT KBOUBO NBT�

JOH�NBTJOH LFMPNQPL UFSEJSJ EBSJ � FLPS EFOHBO QFSMBLVBO TFCBHBJ CFSJLVU �

5BCFM �� 1FSMBLVBO VOUVL PSJFOUBTJ EPTJT /B/0�

,FMPNQPL 1FSMBLVBO +VNMBI IFXBO VKJ�	&LPS


* )FXBO VKJ EJCFSJ�MBSVUBO BJS NFOHBOEVOH OBUSJVN OJUSJU
EFOHBO EPTJT ���Y-%��

�

** )FXBO VKJ EJCFSJ�MBSVUBO BJS NFOHBOEVOH OBUSJVN OJUSJU
EFOHBO EPTJT ��Y-%��

�

*** )FXBO VKJ EJCFSJ�MBSVUBO BJS NFOHBOEVOH OBUSJVN OJUSJU
EFOHBO EPTJT ��Y-%��

�

*7 )FXBO VKJ EJCFSJ�MBSVUBO BJS NFOHBOEVOH OBUSJVN OJUSJU
EFOHBO EPTJT ���Y-%�� EBO EJNFUJMBNJO	���


�

7 )FXBO VKJ EJCFSJ�MBSVUBO BJS NFOHBOEVOH OBUSJVN OJUSJU
EFOHBO EPTJT ��Y-%�� EBO EJNFUJMBNJO	���


�

7* )FXBO VKJ EJCFSJ�MBSVUBO BJS NFOHBOEVOH OBUSJVN OJUSJU
EFOHBO EPTJT ��Y-%�� EBO EJNFUJMBNJO	���


�

1FSMBLVBO VOUVL PSJFOUBTJ EPTJT EJMBLV�
LBO TFUJBQ IBSJ TFMBNB TFNJOHHV� 4FUFMBI
QFSMBLVBO TFMBNB TFNJOHHV � KBN TFUFMBI
QFNCFSJBO UFSBLIJS EBSBI UJLVT TFCBOZBL
� NM EJJTPMBTJ %/"OZB� LFNVEJBO IBTJM
JTPMBTJ %/" EJTVOUJLLBO� LF ,$,5 QBEB
LPOEJTJ BOBMJTJT UFSQJMJI�

1FSTJBQBO)FXBO 6KJ

+VNMBI IFXBO ZBOH EJHVOBLBO EBMBN QFS�

DPCBBO BEBMBI � FLPS VOUVL TFUJBQ LFMPN�
QPL ZBOH EJIJUVOH CFSEBTBSLBO SVNVT
'FEFSFS� 1BEB QFOFMJUJBO�JOJ EFOHBO FOBN
QFSMBLVBO EJQFSMVLBO KVNMBI UJLVT�NJOJ�

NBM BEBMBI � FLPS VOUVL TFUJBQ LFMPNQPL�
4FCFMVN EJCFSJ QFSMBLVBO TFMVSVI IFXBO
EJBLMJNBUJTBTJ UFSMFCJI EBIVMV TFMBNB EVB
NJOHHV� 4FMBNB BLMJNBUJTBTJ EJMBLVLBO
QFOHBNBUBO CFSVQB LFTFIBUBO EBO LFBE�
BBO VNVN UFSIBEBQ IFXBO VKJ�

1FNCFSJBO 1FSMBLVBO

4FUFMBI EJBLMJNBUJTBTJ� EBO EJLFMPNQPL�

LBO TFDBSB 3BODBOHBO "DBL -FOHLBQ QFS�
DPCBBO EJMBLVLBO VOUVL NFMJIBU XBLUV
NBLTJNVN UFSCFOUVLOZBBEEVDU %/"�
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5BCFM �� ,FMPNQPL 1FSMBLVBO 6KJ

,FMPNQPL 1FSMBLVBO +VNMBI IFXBO VKJ 	&LPS


)FXBO VKJ EJCFSJ MBSVUBO BJS NFO�

*�	,POUSPM�QPTJUJG




**�	,POUSPM

QPTJUJG


***�	LFMPNQPL

VKJ


*7

LFMPNQPL VKJ


7 	LFMPNQPL

VKJ


7*

	,POUSPM

OFHBUJG


HBOEVOH OJUSPTPEJNFUJMBNJO EBO
QFOHBNCJMBO EBSBI EJMBLVLBO QBEB �
XBLUV � KBN TFUFMBI QFNCFSJBO UFSB�
LIJS

)FXBO VKJ EJCFSJ MBSVUBO BJS NFO�
HBOEVOH OJUSPTPEJNFUJMBNJO EBO
QFOHBNCJMBO EBSBI EJMBLVLBO QBEB �
XBLUV � KBN TFUFMBI QFNCFSJBO UFSB�
LIJS

)FXBO VKJ EJCFSJ MBSVUBO BJS NFO�
HBOEVOH OBUSJVN OJUSJU EBO EJNF�
UJMBNJO EPTJT UFSQJMJI EBO QFOHBN� �
CJMBO EBSBI EJMBLVLBO QBEB XBLUV �
KBN TFUFMBI�QFNCFSJBO UFSBLIJS

)FXBO VKJ EJCFSJ MBSVUBO BJS NFO�
HBOEVOH OBUSJVN OJUSJU EBO EJNF�
UJMBNJO EPTJT UFSQJMJI EBO QFOHBN� �
CJMBO EBSBI EJMBLVLBO QBEB XBLUV �
KBN TFUFMBI�QFNCFSJBO UFSBLIJS

)FXBO VKJ EJCFSJ MBSVUBO BJS NFO�
HBOEVOH OBUSJVN OJUSJU EBO EJNF�
UJMBNJO EPTJT UFSQJMJI EBO QFOHBN� �
CJMBO EBSBI EJMBLVLBO QBEB XBLUV �
KBN TFUFMBI�QFNCFSJBO UFSBLIJS

)FXBO VKJ EJCFSJ BJS TVMJOH ���������������������������������������

$BSB 1FOHBNCJMBO%BSBI 5JLVT

4FUFMBI XBLUV ZBOH UFMBI EJUFOUVLBO UJ�

LVT UFSMFCJI EBIVMV EJBOFTUFTJ TFDBSB JO�
IBMBTJ� EFOHBO FUFS� %BSBI UJLVT EJBNCJM
EBSJ TJOVT PSCJUBM� NBUB� EFOHBONFOHHV�
OBLBO QJQFU IFNBUPLSJU� 4FCBOZBL� � N-
EBSBI EJBNCJM EJNBTVLLBO EBMBN UBCVOH
,�&%5" LFNVEJBO EJMBLVLBO QFOHJTP�
MBTJBO %/" EBMBN EBSBI EFOHBO NFOH�
HVOBLBO QSPTFEVS JTPMBTJ� %/" TFQFSUJ
ZBOH UFSUFSB QBEB QSPTFEVS CFSJLVU

1SPTFEVS *TPMBTJ %/" 	/BUJPOBM *OTUJ�

UVUFT PG )FBMUI ����


4FCBOZBL � N- EBSBI EJUBNCBILBO�EFO�

HBO � N- MBSVUBO QFMJTJT 	MZTJOHTPMVUJPO
�
,FNVEJBO MBSVUBO EJTFOUSJGVHBTJ QBEB
����� SQN TFMBNB �� NFOJU QBEBTVIV

�P$� 4VQFSOBUBO ZBOH EJQFSPMFI EJCVBOH
EBO QFMFU ZBOH EJIBTJMLBO EJUBNCBILBO
EFOHBO � N- EBQBS 4& EJUBNCBILBO
�� ê- QSPUFJOBTF , 	�� NH�NM
 EBO ���
ê- MBSVUBO 4%4 ���� ,FNVEJBO MBSVUBO
EJJOLVCBTJ QBEB TVIV ��P$ TFMBNB ��
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NFOJU EBO TFUFMBI EJJOLVCBTJ EJUBNCBI�
LBO EFOHBO GFOPM � LMPSPGPSN 	���
 TFCBO�
ZBL TBUV LBMJ WPMVNF MBSVUBO LFNVEJBO
EJLPDPL TFMBNB� �� NFOJU� -BMVMBSVUBO
EJTFOUSJGVHBTJ QBEB ����� SQN TFMBNB ��
NFOJU QBEB TVIV ���$�

4VQFSOBUBO EBSJ MBSVUBO EJBNCJM LFNV�
EJBO EJQJOEBILBO�LF EBMBN UBCVOH CBSV�
1BEB MBSVUBO UFSTFCVU EJUBNCBILBO FUBOPM
BCTPMVU TFCBOZBL EVB LBMJ WPMVNF MBSV�
UBO LFNVEJBO MBSVUBO EJTFOUSJGVHBTJ QBEB
������ SQN TFMBNB� �� NFOJU QBEB �P$�
1FMFU ZBOH EJIBTJMLBO EJBNCJM EBO EJDVDJ
EFOHBO FUBOPM ��� TFCBOZBL TBUVLBMJ WPM�
VNF EBO EJTFOUSJGVHBTJ QBEB ������ SQN
TFMBNB � NFOJU� 1FMFU ZBOH EJIBTJMLBO�EJ�
DVDJ LFNCBMJ EFOHBO FUBOPM���� TFCBOZBL
TBUV LBMJ WPMVNF EBO EJTFOUSJGVHBTJ QBEB
������ SQN TFMBNB � NFOJU� 1FMFU ZBOH
EJQFSPMFI EJMBSVULBO EBMBN BLVBEFT EBO
EJTJNQBO EBMBN GSFF[FS 	TVIV ���P$

TBNQBJ XBLUV BLBOEJBOBMJTJT�

1FOFOUVBO 8BLUV 3FUFOTJ %/" 	UBOQB

IJESPMJTJT


%/" ZBOH EJQFSPMFI EBSJ IBTJM JTPMBTJ EJT�

VOUJLLBO TFCBOZBL �� ê- LFEBMBN ,$,5
QBEB LPOEJTJ BOBMJTJT UFSQJMJI EBO EJDBUBU
XBLUV SFUFOTJ CBTB %/"�

1FOFOUVBO 8BLUV 3FUFOTJ�%/" 	EFOHBO

IJESPMJTJT


%/" ZBOH EJQFSPMFI EBSJ IBTJM JTPMBTJ

EJIJESPMJTJT���EFOHBO NFOHHVOBLBO����
ê- MBSVUBO BTBN LMPSJEB �� / QBEB TVIV
��¡$ TFMBNB �� NFOJU� )BTJM EBSJIJESPMJTJT
LFNVEJBO EJTVOUJLLBO TFCBOZBL �� ê- LF
EBMBN ,$,5 QBEB LPOEJTJBOBMJTJT UFSQJMJI
EBO EJDBUBU�XBLUV SFUFOTJ CBTB %/"� %BSJ
BSFB ZBOH EJQFSPMFI LPOTFOUSBTJ BEEVDU
EBQBU EJIJUVOH EFOHBO NFOHHVOBLBO

LVSWB LBMJCSBTJ TUBOEBS�

)"4*-%"/1&.#")"4"/

1FODBSJBO� LPOEJTJ PQUJNVN VOUVL BOBMJ�

TJT /��NFUJMHVBOJO EBO 0��NFUJMHVBOJO

"OBMJTJT /��NFUJMHVBOJO EBO 0��NFUJM�

HVBOJO EJMBLVLBO� EFOHBO NFOHHVOBLBO
NFUPEF LSPNBUPHSBGJ DBJS LJOFSKB UJOHHJ
	,$,5
 QFOVLBS LBUJPO LVBU 	TUSPOH DBU�
JPO FYDIBOHF�4$9
 EBO EFUFLUPS GMVPSF�
TFOTJ� "EBQVO BMBTBO EJHVOBLBO ,$,5
LBSFOB NFUPEF JOJ DVLVQ TFEFSIBOB EBO
EBQBU NFOEFUFLTJ BEEVDU EBMBN LBEBS
ZBOH SFOJL QFOZJBQBO TBNQFM TFEFSIBOB
IBTJM QFNJTBIBO CBJL EFUFLUPS TFOTJUJG
EFOHBO LPMPN ZBOH TFMFLUJG LPMPN EB�
QBU EJHVOBLBO� LFNCBMJ TFSUB JEFBM VOUVL
NPMFLVM CFTBS EBO JPO 	+PIOTPO �4UFWFO�
TPO ����
�

,POTFOUSBTJ BNPOJVN GPTGBU ZBOH EJHVOB�
LBO BEBMBI� ��� . Q) ��� LFDFQBUBOB�
MJS �� N-�NFOJU TVIV LPMPN ��P$ EBO
EJMFOHLBQJ EFOHBO EFUFLUPS GMVPSFTFOTJ�
QBEB QBOKBOH HFMPNCBOH FLTJUBTJ ��� ON
EBO FNJTJ ��� ON� ,FTFMVSVIBO NFUPEF
ZBOH EJHVOBLBO BEBMBI NFUPEF CBSV ZBOH
EJLFNCBOHLBO NFMBMVJ NPEJGJLBTJ CFS�
EBTBSLBO MJUFSBUVS ZBOH EJQFSPMFI 	)FSSPO
�4IBOL ����
 EFOHBO NFOHHVOBLBO�EB�
QBS BNPOJVN GPTGBU�

1FNJTBIBO BEEVDU %/" JOJ EBQBUEJMBLV�
LBO EFOHBO NFOHHVOBLBO� LPMPN QFOV�
LBS LBUJPO� LVBU GBTF HFSBL EBQBSBNPOJ�
VN GPTGBU �� N. EBO Q) ��� 	)FSSPO��
4IBOL� �����
� .PEJGJLBTJEJMBLVLBO QBEB
LPOTFOUSBTJ GBTF HFSBL EBO Q) EJLBSFOB�
LBO LPMPN QFOVLBS LBUJPO�LVBU TFCBJLOZB
EJHVOBLBO EBMBN SFOUBOH Q)���� IJOHHB
��� EBO QFOHHVOBBOEBQBS BNPOJVN GPT�
GBU EFOHBO LPOTFOUSBTJ� �� N. Q) ���
NFNJMJLJ SFTPMVTJ ZBOH MFCJI CBJL TFSUB
OJMBJ / ZBOH MFCJI UJOHHJ EBO )&51 ZBOH
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MFCJI SFOEBI

6OUVL NFODBSJ LPOEJTJ BOBMJTJT ZBOH PQ�

UJNVN DBNQVSBOMBSVUBO TUBOEBS /��
NFUJMHVBOJO EBO 0��NFUJMHVBOJO� EFOHBO
LPOTFOUSBTJ� � êH�N- EBO ���� OH�N-
EJTVOUJLLBO� LF EBMBN ,$,5� #FSEBTBS�
LBO LSPNBUPHSBN ZBOHEJQFSPMFI EBQBU
EJIJUVOH KVNMBI���MFNQFOH UFPSJUJT 	/

EBO )&51 ZBOH NFOVOKVLLBO FGJTJFOTJ
LPMPN� ,FBEBBO LSPNBUPHSBGJ� ZBOH JEFBM
NFNJMJLJ / ZBOHMFCJI CFTBS EBSJ ���� EBO
)&51 ZBOH SFOEBI�

7BMJEBTJ.FUPEF "OBMJTJT

6KJ ,FTFTVBJBO 4JTUFN 	'BSNBLPQF *OEP�

OFTJB FEJTJ LFFNQBU ����


6KJ LFTFTVBJBO TJTUFN EJMBLVLBO VOUVL

NFOHFUBIVJ BQBLBI NFUPEF ZBOHBLBO EJ�
HVOBLBO EBQBU EJQBLBJ VOUVL NFOHBOBMJ�
TJT LPNQPOFO ZBOH BLBO EJQJTBILBO� CFS�
EBTS QBEB QBSBNFUFS FGJTJFOTJ LPMPN 	QFMBU
UFPSJUJT 	/
 EBO )&51
 GBLUPS JLVUBO
LPFGJTJFO WBSJBTJ EBO SFTPMVTJ� 6KJ SFTPMVTJ
EJMBLVLBO EFOHBO NFOHHVOBLBO DBNQV�
SBO MBSVUBO TUBOEBS HVBOJO BEFOJO /��
NFUJMHVBOJO EBO 0��NFUJMHVBOJO� EFOHBO
LPOTFOUSBTJ NBTJOH�NBTJOH� ���� ��� ���
EBO �� êH�N-� .FUPEF BOBMJTJT ZBOH EJ�
HVOBLBO NFNCFSJLBO KVNMBI QFMBU UFPSJ�
UJT EJ BUBT ���� EBO LFUFSVMBOHBO EJ CBXBI
�� TFSUB NFNJTBILBO LPNQPOFO�LPN�
QPOFO DBNQVSBO�EFOHBO IBTJM SFTPMVTJ EJ
BUBT ���)BM JOJ NFOVOKVLLBO CBIXB NF�
UPEF EBQBU EJHVOBLBO VOUVL NFOHBOBMJTJT
LPNQPOFO�LPNQPOFO EBMBN TBNQFM�

6KJ 4FMFLUJWJUBT

6KJ TFMFLUJWJUBT�EJMBLVLBO VOUVL NFOHFUB�
IVJ BEBOZB HBOHHVBO PMFI LPNQPOFO MBJO�
4UBOEBS ZBOH EJHVOBLBO�ZBJUV HVBOJO BE�
FOJO /��NFUJMHVBOJO EBO0��NFUJMHVB�

OJO EFOHBO� XBLUV SFUFOTJ CFSUVSVU�UVSVU
ZBJUV����� ����� ���� EBO ����� NFOJU�
,PNBUPHSBN ZBOH EJQFSPMFI NFOVOKVLBO
CBIXB NFUPEF ZBOH EJHVOBLBO�DVLVQ TF�
MFLUJG VOUVL��NFOEFUFLTJ /��NFUJMHVBOJO
EBO 0��NFUJMHVBOJO EBMBN TBNQFM EFO�
HBO OJMBJ SFTPMVTJ� EJ BUBT �� EBO QBEB
XBLUV SFUFOTJ [BU UJEBL UFSEBQBU HBOHHVBO
MBJO�

1FNCVBUBO ,VSWB ,BMJCSBTJ EBO 6KJ -JO�

FBSJUBT

,POTFOUSBTJ /��NFUJMHVBOJO� ZBOH EJHV�

OBLBO QBEB EBUB LVSWB LBMJCSBTJ BEBMBI
���� ���� ���� ���� ���� ����� ����� �����
EBO ���� OH�N- TFEBOHLBO LPOTFOUSBTJ
0��NFUJMHVBOJO ZBOH EJHVOBLBO BEB�
MBI ����� ����� ���� ��������� �����
������ ����� EBO ���� OH�N-� ,VSWB
LBMJCSBTJ /��NFUJMHVBOJO� ZBOH EJQFSPMFI
NFNJMJLJ QFSTBNBBO HBSJT Z � �������Y
o ������� EFOHBO IBSHB LPFGJTJFO LPSF�
MBTJ 	S
 TFCFTBS ����� EBO LVSWB LBMJCSBTJ
0��NFUJMHVBOJO ZBOH EJQFSPMFI NFNJMJLJ
QFSTBNBBO HBSJT Z � �������Y o ������
EFOHBO IBSHB LPFGJTJFO� LPSFMBTJ 	S
 TFCF�
TBS ������ ,PFGJTJFO�LPSFMBTJ ZBOH EJQFS�
PMFI MFCJI CFTBS EBSJ �����

4FMBJO LPFGJTJFO� LPSFMBTJ QBSBNFUFS ZBOH
EJHVOBLBO VOUVL NFOHFUBIVJ� MJOFBSJUBT
LVSWB LBMJCSBTJ ZBOH EJQFSPMFI BEBMBI
LPFGJTJFO GVOHTJ SFHSFTJ 	7YP
� ,PFGJTJFO
GVOHTJ SFHSFTJ ZBOH EJQFSPMFI� EBSJ LVSWB
LBMJCSBTJ /��NFUJMHVBOJO BEBMBI ����
EBO 0��NFUJMHVBOJO BEBMBI ����� )BM
JOJ NFOVOKVLLBO CBIXB QBEB LPOTFOUSBTJ
ZBOH EJHVOBLBO EJQFSPMFI MJOFBSJUBT ZBOH
DVLVQ CBJL�
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1FOFOUVBO #BUBT %FUFLTJ 	-0%
 EBO

#BUBT ,VBOUJUBTJ 	-02


6KJ CBUBT� EFUFLTJ 	-0%
 EBO VKJ CBUBT

LVBOUJUBTJ 	-02
 VOUVL /��NFUJMHVB�
OJO EBO 0��NFUJMHVBOJO ZBOH EJQFSPMFI
EBSJ IBTJM WBMJEBTJ SFMBUJG DVLVQ SFOEBI
ZBJUV -0% TFCFTBS� ������ OH�N- EBO
-02 TFCFTBS� ������� OH�N- VOUVL /��
NFUJMHVBOJO TFEBOHLBO 0��NFUJMHVBOJO
NFNQVOZBJ -0% TFCFTBS����� OH�N-
EBO -02 TFCFTBS ������ OH�N-

6KJ ,FUFQBUBO� 	"LVSBTJ
 EBO ,FTFLTB�

NBBO 	1SFTJTJ


4FNVB EBUB VKJBLVSBTJ ZBOH EJQFSPMFI
NFNCFSJLBO OJMBJ �EJGG� ZBOH CFSBEB
EBMBN SFOUBOH ��TBNQBJ ���6OUVL VKJ
QSFTJTJ LPOTFOUSBTJ� ZBOH EJHVOBLBO BEB�
MBI ����� �����EBO� ���� êH�NM TFEBO�
HLBO VOUVL 0��NFUJMHVBOJO ZBJUV �����
����� EBO ����êH�N-� %BUB��VKJ QSFTJTJ
VOUVL /��NFUJMHVBOJO� EFOHBO LPOTFO�
USBTJ TFCFTBS ���������� EBO ���� êH�N-
NFNCFSJLBO IBSHB LPFGJTJFO WBSJBTJ CFS�
UVSVU�UVSVU� ZBLOJ��� � ���� EBO ����
TFEBOHLBO EBUB VKJ QSFTJTJ VOUVL 0��
NFUJMHVBOJO EFOHBOLPOTFOUSBTJ TFCFTBS
������ ����� EBO ���� êH�N- NFNCFSJ�
LBO IBSHB LPFGJTJFOWBSJBTJ CFSUVSVU�UVSVU
ZBLOJ ��� ������ EBO ����

6KJ 4UBCJMJUBT

6KJ TUBCJMJUBT /��NFUJMHVBOJO EBO 0��

NFUJMHVBOJO TFMBNB � IBSJ CFSUVSVUEFOHBO
LPOTFOUSBTJ ��� EBO �� êH�N- NFNCFSJ�
LBO IBSHB LPFGJTJFO WBSJBTJTFCFTBS ����
EBO ����� )BM JOJ NFOVOKVLLBO CBIXB
MBSVUBO TUBOEBS CFSTJGBU SFMBUJG TUBCJM� 6KJ
TUBCJMJUBT TFCFOBSOZB EJMBLVLBO KVHB QBEB
IBSJ LF�� OBNVO LPFGJTJFO WBSJBTJ ZBOH
EJQFSPMFI TVEBINFMFCJIJ ���

#FSEBTBSLBO EBUB�EBUB WBMJEBTJ ZBOH
EJQFSPMFI EBQBU EJSBOHLVN CBIXB NF�
UPEF ZBOH EJHVOBLBO� �NFNJMJLJ MJOFBSJ�
UBT ZBOH CBJL EFOHBO��LPFGJTJFO LPSFMBTJ
ZBOH NFOEFLBUJ�� CBUBT EFUFLTJ EBO CBUBT
LVBOUJUBTJ ZBOH SFOEBI TFIJOHHB EBQBU
NFOHBOBMJTJT [BU EBMBN LBEBS SFOEBI
TFSUB� NFNJMJLJ OJMBJ BLVSBTJ EBO QSFTJTJ
ZBOH CBJL ZBOH EJMJIBU EBSJ QBSBNFUFS �
EJGG ZBOH CFSBEB EBMBN SFOUBOH �� TBNQBJ
�� EBO LPFGJTJFO WBSJBTJ EJ CBXBI ���

3FBLTJ %/" EFOHBO /JUSPTPEJNFUJM�

BNJO *O 7JUSP

5VKVBO EJMBLVLBOWFSJGJLBTJ� SFBLTJ BOUBSB

%/" ZBOH EJJTPMBTJ EBSJ EBSBI UJLVT BEB�
MBI VOUVL NFZBLJOLBO CBIXB SFBLTJ BOUB�
SB OJUSPTPEJNFUJMBNJO� EBO%/" UFSKBEJ
BHBS IBTJM ZBOH EJQFSPMFI EBSJTJNVMBTJ JO
WJUSP EBQBU NFOEFLBUJ EBO NFSFGMFLTJLBO
ZBOH UFSKBEJ TFDBSB JO WJWP�%/" IBTJM JTP�
MBTJ EJMBSVULBO EBMBN BRVBEFT TFCBOZBL
�� N-� ,FNVEJBO� EJMBLVLBO LVBOUJUBTJ
%/" EBO EJQFSPMFI LPOTFOUSBTJ %/"
TFCFTBS ���� êH�N-�

1FOBNCBIBO� &%5" EJMBLVLBO VOUVL

NFODFHBI OVLMFBTF ZBOH EBQBU NFOEFHSB�
EBTJ %/"� +VNMBI OJUSPTPEJNFUJMBNJO
ZBOH EJUBNCBILBO CFSEBTBSLBO-%��
QBEB UJLVT ZBJUV �� NH�LH 	-JUFQMP .FFL
� 8JOEMF ����
 /JUSPTPEJNFUJMBNJO� EJ�
MBSVULBO EBMBN EBQBS USJT�)$M ��� . Q)
�� IJOHHB NFODBQBJ LPOTFOUSBTJ� ����
NH�N-� %/" IBTJM JTPMBTJ LFNVEJBO EJ�
SFBLTJLBO EFOHBO ���� N- OJUSPTPEJNF�
UJMBNJO EFOHBO LPOTFOUSBTJ���� NH�NM
MBMV EJJOLVCBTJ QBEB TVIV ��P$�

3FBLTJ BOUBSB %/" IBTJM JTPMBTJ� EFOHBO

OJUSPTPEJNFUJMBNJO TFUFMBI EJJOLVCBTJ
TFMBNB �� KBN QBEB TVIV ��P$ ZBOH EJIJ�
ESPMJTJT EFOHBO BTBN LMPSJEB�� / TFMBNB
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�� NFOJU QBEB TVIV ��P$ NFOHIBTJMLBO
BEEVDU 0��NFUJMHVBOJO QBEB XBLUV SFUFO�
TJ ����� NFOJU� "XBMOZB XBLUV JOLVCBTJ
EJMBLVLBO TFMBNB � KBN UFUBQJ UJEBL EJUF�
NVLBO BEEVDU��0��NFUJMHVBOJO NBVQVO
/��NFUJMHVBOJO� 5JEBL EJUFNVLBO BEEVDU
JOJ NVOHLJO EJLBSFOBLBO SFBLTJ JOJ CFS�
MBOHTVOH UBOQB FO[JN ZBOH EBQBU� NFO�
HVCBI OJUSPTPEJNFUJMBNJO NFOKBEJ CFO�
UVL BLUJG ZBOH NFOHBMLJMBTJ%/"� 3FBLTJ
LFNVEJBO EJQFSMBNB XBLUV JOLVCBTJOZB
NFOKBEJ� �� KBN EFOHBO IBSBQBO OJUSPT�
PEJNFUJMBNJO EBQBU UFSIJESPMJTJT NFOKBEJ
CFOUVL BLUJG EFOHBO XBLUV JOLVCBTJ� ZBOH
MFCJI MBNB� %FOHBO XBLUV JOLVCBTJ� ZBOH
MFCJI MBNB EJUFNVLBO BEBOZB BEEVDU 0��
NFUJMHVBOJO� EFOHBO LPOTFOUSBTJ �����
OH�N-�

6OUVL NFNBTUJLBO KFOJT BEEVDU IBTJM
SFBLTJ NBLB EJMBLVLBO� NFUPEF TQJLJOH
VOUVL NFNQFSLVBU CBIXB BEEVDU IBTJM
SFBLTJ BEBMBI /��NFUJMHVBOJO BUBV 0��
NFUJMHVBOJO�� ,SPNBUPHSBN ZBOH EJQFS�
PMFI TFUFMBI NFUPEF TQJLJOH NFOHBMBNJ
QFOBNCBIBO BSFB ZBJUV EBSJ ������
êW�T NFOKBEJ�������� êW�T OBNVO EFO�
HBO XBLUV SFUFOTJ ZBOH MFCJI BXBM� )BM
JOJ NVOHLJO EBQBU EJLBSFOBLBO BEEVDU
UFSTFCVU NFSVQBLBO IBTJM SFBLTJ TFIJOHHB
TVMJU VOUVL NFNQFSPMFI IBTJM ZBOH CFOBS�
CFOBS TBNB�

3FBLTJ (VBOJO EFOHBO /JUSPTPEJNFUJM�

BNJO *O 7JUSP

1BEB QFOFMJUJBO JOJ KVHB EJMBLVLBO� SFBLTJ
BOUBSB HVBOJO EFOHBO OJUSPTPEJNFUJMBNJO
TFDBSB JO WJUSP� (VBOJO�NFSVQBLBO TBMBI
TBUV LPNQPOFO�CBTB %/"� 3FBLTJ HVBOJO
EFOHBO OJUSPTPEJNFUJMBNJO� EJMBLVLBO
VOUVL��NFNQFSLVBU SFBLTJ %/"��EFOHBO
OJUSPTPEJNFUJMBNJO TFDBSB JO WJUSP� (VB�

OJO TFCBOZBL � NH EJMBSVULBO EBMBN ��N-
LBMJVN EJIJESPHFO GPTGBU MBMV EJSFBLTJLBO
EFOHBO ���� N- OJUSPTPEJNFUJMBNJO LF�
NVEJBO� EJJOLVCBTJ TFMBNB � KBN� 3FBLTJ
BOUBSB HVBOJOF� EFOHBO OJUSPTPEJNFUJM�
BNJO TFUFMBI EJJOLVCBTJ TFMBNB � KBN QBEB
TVIV ��P$ ZBOH EJIJESPMJTJT EFOHBO BTBN
LMPSJEB �� / TFMBNB �� NFOJU QBEB TVIV
��P$ NFOHIBTJMLBO BEEVDU /��NFUJM�
HVBOJO QBEB XBLUV SFUFOTJ ���� NFOJU
EFOHBO LPOTFOUSBTJ� ���� OH�N-� 1BEB
SFBLTJ JOJ KVHB EJMBLVLBO��NFUPEF TQJL�
JOH EBO EJQFSPMFI LSPNBUPHSBN� EFOHBO
BEEVDU /��NFUJMHVBOJO ZBOH NFOHBMBNJ
QFSUBNCBIBO BSFB ZBJUV EBSJ ����êW�T
NFOKBEJ������ êW�T EFOHBO XBLUV SFUFOTJ
ZBOH TBNB�

1FSMBLVBO UFSIBEBQ)FXBO 6KJ

1FNCFSJBO 1FSMBLVBO QBEB )FXBO 6KJ

4FUFMBI EJBLMJNBUJTBTJ IFXBO VKJ 	UJLVT

LFNVEJBOEJQJMJI ZBOH TFIBU EBO EJLFMPN�

QPLLBO TFDBSB BDBL NFOKBEJ � LFMPNQPL�
.BTJOH�NBTJOH LFMPNQPL UFSEJSJ EBSJ �
FLPS UJLVT CFSEBTBSLBO QFSIJUVOHBO EBSJ
SVNVT 'FEFSFS� 1FNCFSJBO QSFLVSTPS ZBJUV
OBUSJVN OJUSJU EBO EJNFUJMBNJO EJCFSJLBO
QFSPSBM TFMBNB � NJOHHV� /JUSPTPEJNFUJ�
MBNJO EJCFSJLBOEFOHBO EPTJT ��� êH�LH
CC ZBOH NFOHBDV QBEB QFOFMJUJBO TFCFM�
VNOZB EJ NBOB EFOHBO EPTJT UFSTFCVU TJT�
UFN QFSCBJLBO %/" UFSBMLJMBTJ NFOHJLVUJ
GBTF MBNCBUZBJUV ��� KBN 	4PVMJPUJT FU BM�
����
�

%/" EJJTPMBTJ� EBSJ EBSBI UJLVT 	XIPMF
CMPPE
 ZBOH EJBNCJM NFMBMVJ TJOVT PS�
CJUBM NBUB UJLVT 4BNQFM EBSBI� EJNBTVL�
LBO LF EBMBN UBCVOH ,�&%5"� 4FUFMBI
TBNQFM EBSBI EJQFSPMFI TFMBOKVUOZB� EJ�
MBLVLBO JTPMBTJ %/" EBSJ EBSBI NFMBMVJ
CFCFSBQB UBIBQ� %/" UFSEBQBU EBMBN TFM
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ZBOH CFSJOUJ EBO TFM ZBOH CFSJOUJ EJ EBMBN
LPNQPOFO EBSBI BEBMBI TFM EBSBI QVUJI�
%/"ZBOH EJQFSPMFI EJIJESPMJTJT� EFOHBO
MBSVUBO BTBN LMPSJEB �� / QBEB TVIV
���$ TFMBNB �� NFOJU�

)BTJM IJESPMJTJT� EJTVOUJLLBO LF EBMBN
,$,5 QBEB LPOEJTJ BOBMJTJT UFSQJMJI %BSJ
LFTFMVSVIBO %/" ZBOH EJJTPMBTJ UFSEBQBU
TBUV LBMJ %/" HBHBM EJJTPMBTJ� ZBJUV QBEB
QFNCFSJBO� �� LBMJ -%�� /B/0� EBO
EJNFUJMBNJO� EFOHBO XBLUV QFOHBNCJMBO
EBSBI QBEB U � � KBN� .VUBTJ ZBOH UFSKBEJ
NFSVQBLBO BXBM QSPTFT LBSTJOPHFOFTJT
TFIJOHHB QFOEFUFLTJBO UFSKBEJOZB NVUBTJ
NFSVQBLBO EFUFLTJ BXBM UFSKBEJOZB LBOL�
FS� 1SPTFT QFSCBJLBO %/" ZBOH UFSBMLJMBTJ
EBQBU EJMBLVLBO� EFOHBO DBSB USBOTGFS
MBOHTVOH HSVQ BMLJM EBSJ %/"� LF QSPUFJO
SFQBJS ZBOH NFOZFCBCLBO LFIJMBOHBO
GVOHTJ EBSJ QSPUFJO TFIJOHHB� CBTB UFS�
NPEJGJLBTJ BLBO UFSMFQBT EFOHBO HMJLP�
TJMBTF NFOJOHHBMLBO TJUF BQVSJOJD BUBV
BQJSJNJEJOJD� 4USBOE %/" LFNVEJBOEJQ�
PUPOH EBO EJIJMBOHLBO PMFI FOEPOVLMFBTF
EBO NFOJOHHBMLBO TUSBOE VUVI TFCBHBJ
UFNQMBUF %/" CBSV TFUFMBI JUV BLBO EJ�
MJHBTF VOUVL NFMFOHLBQJ QSPTFT QFSCBJLBO
	4BGGIJMM.BSHJTPO� 0�$POOPS ����
�

6OUVL QFSCBJLBO BEEVDU 0��NFUJMHVBOJO
EJQFSLJSBLBO� �EBQBU EJMBLVLBO PMFI FO�
[JN 0��BMLJMHVBOJO %/"�BMLJMUSBOTGFSBTF
	"(5
 ZBOH TFDBSB BMBNJ CFLFSKB TFDBSB
BLUJG TFIJOHHB EBQBU NFNJOEBILBO HVHVT
BMLJM TFQFSUJ��NFUJM EBSJ 0��NFUJMHVBOJO
LF SFTJEV TJTUFJO���&O[JN "(5 NFSVQB�
LBO FO[JN ZBOH NFMFQBTLBO BEEVDU 0��
NFUJMHVBOJO TFDBSB JSFWFSTJCFM TFIJOHHB
QBQBSBO TFOZBXB LBSTJOPHFO ZBOH UJOHHJ
EBQBU NFOVSVOLBO BLUJWJUBT FO[JN QFSCBJ�
LBO EFOHBO NFOHIBCJTLBO QFOZJNQBOBO
FO[JN QFSCBJLBO 	3FI ����
� 4FEBOHLBO
/��NFUJMHVBOJO NFSVQBLBO BEEVDU ZBOH

CFSTJGBU LVSBOH TUBCJM EJ NBOB EBMBN CFO�

UVL VOUBJ HBOEB %/" NFNQVOZBJ U���
� o ��� KBN EFOHBO DBSB LFIJMBOHBO� $�
QSPUPO EFQVSJOBTJEBO IJESPMJTJT JLBUBO
/�BMLZM 	#PZTFO 1BDILPXTLJ /BLBNVSB
� 4XFOCFSH ����
�

/JUSPTPEJNFUJMBNJO� � NFSVQBLBO TBMBI

TBUV TFOZBXB IFQBUPLBSTJOPHFO TFIJOHHB
QFOHJTPMBTJBO %/" EBSJ IBUJ EBQBU EJMBLV�
LBO VOUVL��NFNQFSPMFI BEEVDU� "EBOZB
BLUJWJUBT IFQBUPLBSTJOPHFO JOJ BEBMBI EJ�
LBSFOBLBO IBUJ NFSVQBLBO UFNQBU NF�
UBCPMJTNF TFOZBXB OJUSPTPEJNFUJMBNJO
NFOKBEJ TFOZBXB BLUJG ZBOH NFOHBMLJMBTJ
%/"� )BUJ NFSVQBLBO UFNQBU ZBOH TFS�
JOH EJJOEVLTJ UVNPS PMFI TFOZBXB LBSTJ�
OPHFOJL CBJL TFDBSB MBOHTVOH NBVQVO
UJEBL MBOHTVOH ZBOH EBQBU NFOZFCBCLBO
QSPMJGFSBTJ TFMVMBS TFCBHBJ LBSBLUFSJTBTJ TJ�
SPTJT PMFI QSPNPUFS TFOZBXB LBSTJOPHFOJL
	(MFOO ����
� 1FOFMJUJBO ZBOH UFMBI EJ�
MBLVLBO PMFI 7BTTJMJT -� 4PVMJPUJT� ELL
	����
� NFOVOKVLBO CBIXB LBEBS BEEVDU
%/" ZBOH UFSCFOUVLEJ IBUJ MFCJI CBOZBL
EBSJ QBEB EJ EBSBI 	4PVMJPUJT� ����
� 4F�
MBJO JUV QFOHJTPMBTJBO%/" EBSJ IBUJ BLBO
NFNQFSPMFI %/" ZBOH MFCJI CBOZBL EBS�
JQBEB QFOHJTPMBTJBO EBSJ EBSBI TFIJOHHB
LFNVOHLJOBO UFSEFUFLTJ BEBOZB BEEVDU
BLBO MFCJI CFTBS�

,&4*.16-"/

,POEJTJ PQUJNVN VOUVL BOBMJTJT /��NFUJM�

HVBOJO EBO 0��NFUJMHVBOJO ZBOH EJHVOB�
LBO EBMBN QFOFMJUJBO JOJ BEBMBI ,SPNBUP�
HSBGJ $BJS ,JOFSKB 5JOHHJ 	,$,5
�EFOHBO
LPMPN QFOVLBS� � LBUJPO LVBU 4VQFMDPTJM
-$�4$9 	� êN ��� Y �� NN
 GBTF HFSBL
BNPOJVN GPTGBU EFOHBO LPOTFOUSBTJ BLIJS
BNPOJVN GPTGBU �� N. Q) ��� LFDFQB�
UBO BMJS �� N-�NFOJU TVIV LPMPN ��P$
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EBO EFUFLUPS GMVPSFTFOTJ QBEB QBOKBOH
HFMPNCBOH FLTJUBTJ ��� ON EBO FNJTJ ���
ON� 5JEBL UFSEFUFLTJ BEBOZB /��NFUJMHVB�
OJO EBO 0��NFUJMHVBOJO EBMBN EBSBI UJLVT
TFMBNB EJCFSJLBO OBUSJVN OJUSJU EBO EJNF�
UJMBNJO QFS PSBM EFOHBO�EPTJT ��� NH�LH
VOUVL OBUSJVN OJUSJU EBO EJNFUJMBNJO 	���

TFMBNB QFNCFSJBO TBUV NJOHHV EFOHBO
LPOEJTJ BOBMJTJT PQUJNBM UFUBQJ WFSJGJLBTJ
TFDBSB JO WJUSP NFOVOKVLBO BEBOZB BEEVDU
0��NFUJMHVBOJO QBEB XBLUV SFUFOTJ �����
NFOJU�

%"'5"3"$6"/

#PZTFO ( FU BM� ����� The formation and

biological significance of N7-guanine

adducts..VUBUJPO 3FTFBSDI  ���� ���

���

%FQBSUFNFO ,FTFIBUBO 3FQVCMJL *OEP�
OFTJB�������� Jika tidak dikendalikan

26 juta orang di dunia menderita

kanker. � .FJ ����� IUUQ���XXX�EFQ�
LFT�H P�JE�JOEFY�QIQ�DPNQ POFOU�
DPOUFOU�BSUJDMF����OFXTTMJEFS������ K
J LB�U JE B L�EJLFOEB MJ LBO����KVU B�
PSBOH�EJ�EVOJ B�NFOEFSJUBLBOLFS�
IUNM

)FSSPO %$ 4IBOL 3� ����� Quantitative

high-pressure liquid chromatographic

analysis of methylated purines in DNA

of rats treated with chemical carcino-

gens� "OBMZUJDBM #JPDIFNJTUSZ  ����
������

*OUFSOBUJPOBM BHFODZ GPS SFTFBSDI PO DBO�

DFS� ����� Ingested nitrates and nitrites

volume 94. � /PWFNCFS �����

*OUFSOBUJPOBM 6OJPO "HBJOUT $BODFS� �����

Cancer can be prevented too. �.FJ �����

+PIOTPO &$ 4UFWFOTPO 3� ����� Dasar

Kromatografi Cair. #BOEVOH� 1FOFSCJU
*5#�

-JUFQMP 3 .FFL . 8JOEMF 8� ����� /�

/JUSPTPEJNFUIZMBNJOF� Concise Inter-

national Chemical Assessment Docu-

ment 38� (FOFXB�

/BUJPOBM *OTUJUVUFT PG )FBMUI� ����� DNA

preparation from blood. � +BOVBSJ
�����3FI #%� ����� O6-Methylgua-

nine DNA adducts associated with oc-

cupational nitrosamine exposure. $BS�
DJOPHFOFTJT ���� ������

3PTULPXTLB� , ;XJFS[ , 3P[BOTLJ "
.POJVT[LP�+BLPOJVL + 3PT[D[FOLP

"� ����� Formation and metabolism

of N-Nitrosamines. 1PMJTI +PVSOBM PG
&OWJSPONFOUBM 4UVEJFT ��� ��������

4BGGIJMM 3 .BSHJTPO ( 0�$POOPS 1� �����
Mechanisms of carcinogenesis induced

by alkylating agent. #JPDIJNJDB FU #J�
PQIZTJDB "DUB ����� ��������

4BNCSPPL + 'SJUTDI &' Maniatis T. 1989.

Molecular cloning, a laboratory man-

ual 	FEJTJ LFEVB 7PM� �
� /FX :PSL�

$PME 4QSJOH)BSCPS -BCPSBUPSZ 1SFTT�

4BSJ /� ����� Analisis O6-alkilguanin

dalam darah tikus selama pemberian

berulang siklofosfamid per oral. 4L�
SJQTJ 1SPHSBN 4� 'BSNBTJ 6*� %FQPL
�� ���

DBSDJOPHFOFTJT� %BMBN &� )PEHTPO A

textbook of Modern Toxicology, �� ���
� ����

4PVMJPUJT 7- FU BM� ����� Dosimetry of

O6-methylguanine in rat DNA after

low-dose, chronic exposure N-nitros-

odimethylamine (NDMA)� $BSDJOP�

HFOFTJT ��� ����������

8PSME )FBMUI 0SHBOJ[BUJPO�� ����� N-Ni-

trosodimethylamine in drinking-water.
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