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SECTION 1

INTR ODUCT ION

This document constitutes the annual  repor t of the Subprogra m on Comparative
Met abolism and Biochemistry, and describes the accomplishments of the laboratory
from June 1978 through May 1979. The subprogram was established to characterize

metabolic pathways of potential Air Force po lIutar d~- in selected animal and human
tissues which will provide data for es t imat ing whether man metabolizes the compounds
at ra tes and by pathways similar to those for sensitive or resistant animals.

Hydra zine , monomethy lhydrazine ( M M II ) , and unsymmetrical  dimethy ihy dr azine
(UD MU ) are used as rocket propel lants and the United States Air Force is currently
seeki ng the safe atmospheric concentrations for these compounds. Under condition s
of high concentration and prolonged oral administration , these compounds have produced
carcinomas in certain experimental animals.

The Toxic Hazards Research Unit (THRU ) , opera ted by the University of California ,
Irvine , at the Aerospace Medical Research Laboratory at Wright Patterson Air Force
Base, Ohio , is currently conducting studies to determine quantitatively the
careinogenicity of hydrazine , M M H , and U D M H  unde r condition s appropriate to practical
human exposure. These inhalation earcinogenicity studies are investigating the
sensitivity of the mouse , rat , hamster , and dog, recognizing the marked interspecies
differences in response to these compounds.

Early studies on the metabolism of these hydrazines are incomplete in that the
pathways were not fully defined and metabolism was not considered from the point of
view of transformation of the hydrazines to proximate carcinogens. The fact that
there are marked differences in the overa ll oxidation and excretion of hydrazines by
various spec ies strongly suggests tha t the current carcinogenicity studies will
dem onstrate a variety of responses in tumor production in the four species on test at
THRU. The multi-species design provides a better basis for measuring carcinogenicity
by reducing the possibility of performing the test in a species uniquely sensitive or
resistant and therefore an inappropriate model for man . This design also raises an
important question in interpreting the results of the cancer study : which species gives
the most accurate prediction of the human response.

Extrapolation from animal data to man is diff icult at best , but when carcinogenesis
is the consideration , there are no proven measures upon which to base the extrapolation .
If an environmental agent requires metabolic activation to generate a proximate
carcinogen , which is thought to be the case with the hydrazines , then comparative

7
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metabo lic studies on those agents in sensitive and resistant (to tumor formation) species

could be useful in predicting which species is the best indicator of the human response .
if the metabolism of the agent in man is known. The probable carcinogenicity of the

agent precludes in vivo metabolism studies in man , but studies using fresh autopsy

material  may provide the informat ion needed.
The ul t imate objective of the Subprogra m on Comparative Metabolism and

Bioche mistry is to m easure the overall rate of metabolism of hydrazine ,
monomet h y lhydrazine , l ,l -dimeth y lhy drazine , and 1,2—d im ethy lhvd razine in liver , lung .
kidney , and large intestine preparations from the mouse , rat , hamster , and human .
The formation of several probable metabolites has been postulated for each agent , but

these do not appear relevant to the potential carcinogenicity of these compounds;

instead , at tent ion is focu sed on the abili ty of the hydrazines to bring about alkylation
of deoxyribonucleic acids , thus ident ifying the compounds as indirect alkylating agents.
The results of the comparative metabolic studies will be correlated with  the results
of comparative carcinogenicity studies currently in progress at THRU as an approach
to judging human sensit ivi ty to the tumor-producing capabilities of these rocket
propel lants.

SECTION II

RESEARCH PR OGRA M
METH ODS

Synthesis of Radiolabeled Methy lated Hydrazines
The studies on the comparative metabolism of M MII  and U D MH required

radiolabeled hydrazines to follow the fate of the methyl groups. For this purpose
14C-MMH and 14C-UDMH were synthesized in the laboratory.

Dimethylsulfate ( 14C-methyl) , 13.3 mCi/mmole was purchased fro m New England
Nuclear (Boston , MA) . The dimethylsulfate (2 mCi , 19 mg) was frozen before the vial
was opened and 5.5 ul hydrazine were added rapidly to favor the formation of MMH
over tha t of UDMH; 50 ul cone. HC1 were added rap idly, with mixing. Water (0.3 ml)
was added to bring the final volume to 0.36 ml. The reaction mixture was spotted
on thin layer chromatography plates (Avicel 250 microns , Analtech Labs) and reference
M M II, UDMH , and SDMH were spotted at one e~~e of each plate. Plates were
developed in isopropanol:water:HCI (165:20:15 or in proportions appropriate to individual
batches of plates). The plates were developed unt il  the solvent front had traveled
14.5 cm (abou t 4 hr.). The side of the plate containing authentic MMII , UDMU . and

8
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SDMH was broken off and sprayed wi th  Folin-Ciocalteau phenol reagent followed by
ammonia  to locate the positions of each individual hydrazine. M M H  and UDMII  bands
were scraped fro m the plate and eluted fro m the cellulose with 3 aliquots of 4 ml
water. To the eluate was added 50 ul H 2S04, and the solutions were evaporated to
dryness in the rotary evaporator at 40°C under vacuum; the radioactive hy drazines
were redissolved in water. The yields were 63.7 uCi 14C-MMH (6.65 mCi/ mmo l e)  and
134 uCi 14C—U DM II (13.3 mCi/mmole) fro m 2 mCi dimethylsulfate.

Tr itiated MM II and UDM H were synthesized similarly. Five mil l icuries (0.18 mg)
of di methy lsulfate were dilute d with stable dimethylsulfate to yield 5.16 mg
dimethyl suifate , 122 mCi/mmole.  The synthesis produced 228 uCi 3H-MM H (61
mCi/mmole) and 275 uCi 3H-U DMH ( 122 mCi/mmole ) .

Liquid Chromatographic Fractionation of DNA Hydro lysates
Several high pressure liquid chromatographic methods have been described in

earlier annual reports for the fractionation of DNA hydrolysates into individual
py rimidine and purine bases, their nucleosides, or combi nations thereof. Because of
the expense of synthesizing radiolabeled MM II  and UDMH in the laboratory, effor ts
were focussed on developing a chromatographic procedure sufficientl y sensitive to
eliminate the need f or radioisotopes. Methylated guanine bases readily fluoresce , while
py rimidine oligonucleotides and adenine fluoresce weakly. Advantage has been taken
of these differences in fluorescence in designing a new method for deteclion of
meth ylated purines in DNA of animals treated with MM II  or UDM I! . A paper describing
the method , described below , has been accepted for publication in An~tl yti cal
Biochemistr y ( I-i erron and Shan k , 1979).

Purified DNA is hydrolyzed in 0.1 N IIC1 (5 mg DNA/mi )  at 70°C for 30 minutes
to yield pyrim idine oligonucleotides and free purine bases. The hydrolysate is filtered
through a 0.65 urn filter before injection into the liquid chromatogra ph (Model 700013,
Micromeritics Corp., Norcross, GA) . Fractionation was achieved using a Whatm an
Par t isil-lO strong cation exchange column , 25 cm x 4.5 mm ID and a mobile phase of
ammonium phosphate , pH2.0. The concentration of the mobile phase varied from 0.035
to 0.05 M , depending on resolving characteristics of individual columns; optimum
concentration of mobile phase was that which permitted separation of 7-methy l guan ine

fro m adenine (favored by lower concentrations) while still providing an 06-methylguanine
elution peak sufficiently sharp to allow accurate electronic integration (favored by hi gh
concentrations) . Elution of bases was detected using a variable wavelength fluorescence
spectrophotometer (Model LCF- 100 , Farrand Optical Co., Valh alla , NY ) wi th  an

9
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exeita I ion wavelength of 286 urn (max.  for O~’~rnet hvlgunn m e )  and emission cutoff  at

366 urn.  Recording and quant  i t at ing of fluorescence peaks were accomplished w i t h  a
I lew let t Packard Model 3380S reporting integrator (Ile w let t Packard Corp., Palo Al to ,
( ‘A) .

The Ii inits of detection in terms of the amount of piir ine applieti to the column
6 . -are ng for — in et hy lgunn inc and I 50 pg for 0 —met hy lguan me, which is about 70 times

more sensi t ive  than the detection of 0 t’—me th y l gua n inc by ultraviolet  absorption. W i t h
these l i m i t s  of detection , levels of a lky la t ion  of t )N A as low as 85 t imoles 7—
met hy lguan inc per mole guan inc and 2 umoles O 1’

~met 1w lguan inc per mole guan inc can
he (letected. l’h is t eel in i ( lIIe has pe rm i t t ed  det( ’et iOn of niethvlated bases in as little

as S ug I )N :\ fro m an inials tr ea ted with strong car cinogens such as I ,2—d imethylhydrazine ,
(I in : et twIn it rosa in m c , or in et hyln it rosourea.

In instances where the level of alky bit ion of l)N A is below detect ion Lw
fluorescence , radiolal>eled toxicant must be used . Liqui ( 1 chromnatographie methods
using solutions of ’ inorganic salts as mobile phase present a problem in liquid sc in t i l l a t ion
counting. For low levels of a lky l at  ion large amounts of I )N A n~ttst be analyzed, by

I)r( p~:ra t ive chromatography ; t h is produces large e lut ion pea k volumes (often up to 300
ml for 1) t’— m e t h y l g t m n i n e )  wh i( ’h must he desalted before counting in sc~n t i l i a t i o n
cockta ils. A new (hromat ogr aph ie  met hod has been develope(i which obviates the need
to desa It large vo hu m Os 01’ mu oh i Ic phase; I ) N A hydro lysa tes can he fract ionated on
reverse phase columns using aqueous meth anol  as m obile Phui st’.

l)N A Iivdro ly sa te is inj ecte(i onto a Part is i l  l’XS 11) 25 OI ) S— 2 column , 25 cm x

4. 6 in in II ) , and the bases are clii ted wit I: a 0—7 0 ’k methanol  in water  gradien t (p11

4.00) developed linearly over 40 in inn tes at flow rate of 2 m I / u n  in. Figure i is a

Figure I .  ( ‘hromatographie separation
of purines and pyr im idine o ligonucleo —
tide s in l)N .\ hy dr o ly state using a reverse
phase column and fluorescence (Ic tee tor.

10 
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typical chromatogru m of I )N A hydrolysate fract ionated by this mn etho d . In this east’

liver l ) N A  was isolated from a rat treate d w i t h  d i m e t h v l n i t r o s a m in e  and detection of

eluted bases was accomplished w i th a fluorescence detec tor at an exci t i it i o i i  of 2)~i

tim and em issiomi en toff of 366 urn.  U iider these chroma tographic conditions the

pyr imu id ine oligonucleo t ides fluoresce only weakly;  Table I gives the chit  ion volumes

for cacti base ident if ied.

‘l’AflLI : I

ChlR O l~’1 .l’l’OGRAPh11(’ ( I IPLC )  F R ,~ ’~’-

DON A l’ION OF l i V E R  I )N A I IY  I ) R O L Y —

SATE PH EPA H El )  FROM H AT~ ‘I’ll FA TEI )

WI Th l ) lM Ei’Il V LN I TRO S .\ M IN F: M ET1I—

.~N(1l~ (~H AI)IENT :~Nl) H E~’I ~l3 Sl~ Ph i  ASF

C O L U M N

Fraction H~ t t ’iitioii Volun ie , n i l

Pyrimidine oligonucleot ides 2—6

(~t ian ine 16

7—Me t hy lguau inc 27

Adenim ie 33
0 —Met hy lguan inc 47

Elu ted bases are in an aqueous methanol solu t ion whic h: fac i l i ta tes  evapora t ion

to dr y ness prel imin ary to counting the fractions for radioa ct iv i ty  or chemical

derivatization for fur ther  study .

GC/M S Analysis of DNA Purines and Pyri rn idines
Adminis t ra t ion  of hydra zinc to rats and m ice results iP the for m at ion of ii 1 N A

component wi th  liquid and paper chromatography and ul t raviolet  ahsor ! ~t IOU

characteristics identica l to those of 7—met hy Iguan inc . A met hod has beet : dev~ oped

which should p ermit  con firmation of the iden t i t y  of this pu ta t ive  base by mass

speetrometry. In addition , the met hod should permit con f i r m at  ion of the ident i t ies  of
other l)NA components and adduets an(i fac i l i ta te  study ing the inter actions between
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I )N A and thi ’ nitrog en a toms in am: imual s  ti ’eated wit ) :  I N -l:vtt rnzine . i’he m e t hod

involves isolati on of the iu:di v id i ia l  base from a l ) N A hvtl r oly satt ’ by reverse phase high

pressure l iqu id chromatography , silylatimig the base to increase (he voliit i l it v of the

compound , amid analyz ing the sily lated base by gas cliroina tograpt iy — mass spect rotnetry .

Reference t liymim:c , cytosine , 5—m ethy lcytos in e , ui ’aeil , adem :ine , guanine . 7 —

methy lguanin e , and ~~~~~~~~~~~~~~~~~~~ were si ly int ed by a slight m odi f i cat i on  of the

method of ~ ehrke and Lakings ( I  97 I ) ;  ~~ ti ie ( hi v h g imamii n c and O 1’—ell :  Igimnmii n e , synthesized

according to t lit’ ii i  et hit sI of ’ I b~ Isi u iger anti M ontgoin cry ( I  960~, were also st t idied.

:\pp ro xii:: ate ly 300 ug of 1)115k’ in 300 ul of appropriate solvent (e .g. hti tano l:aeet it ’

acid:wa Icr. 24:30:50; acetone; wate r ;  0 .1 N I l C I ;  gu an ine . whit’I: is only spnririg (y soltmh ’b’

in mos t (~) m nmomi  so lvents , was transferr ed as a suspension ) were tr ansf erred to a

si ly la t i on vi a l  and dried under warmed m :itr ogen ; t o the vial were added I SO u i  nct ’t o n i t r m l e

and ISO ul flS’l’FA (b is—t ri me t lwl s i lyl  t r if luor nee t a mide ) (not all of the base dissolved) .

The vials were sealed amid heated in ii sand b ath a t I 50°C for 30 m inu t e s  and I lien

coo led to room:: tt ’ mnpera t tire .

W i t h i n  4 hour s of synthesis 2 5 ul of the s i l v ln t  ion m x t m i r t ’  were in~ec teti onto

~i gas chroma (ogrnphw cohinium (3’k~ ()  V I , ~t) 1 Of) IV I I ) ’ , 4 ft , I h e w l e t t  I’acka m’d) for mass

sp x’ tm I analysis. Die instrument imseti was a 5992 A ( ‘ MS (I lew let t I’n~h ai’di and

the conditions were as follows: helium flow of 30 ml ‘ n i t u t i t e , injection port t emp of

225 0
, i n i t i a l  column temp of 9fl 0 which was held constant for 4 m inu tes tI:t~m: increased

0 . 0at a rate of 8 / m m n u t e  to ii m n axu n :un :  temperature  ot 280 . I he m a s s  spet ’tr ome(em ’

was tuned autom at ica l ly  usi ng p erf lu or ot r ihu tylamin e as the calibrat ing st amit ia rd;  t in ’

in strum em it st ’anned the atom :: ic mass unit range of 10 to 500 at a rate of 690 scans

f~’~’ 
sect)ntl . l’)it’ gas chro mu ntogra ph: ic and mu ass spectral t’hn rat ’ ter is tics for end :

sily la t ed base are given in ‘l’ahle 2 . Individual mass spec t rum are illus tm’nt ed in Figures

2 - I S .

‘l’.\Ii I~E 2
( ;\ s  ( ‘ I lnoM ,vr o (u lApHl( ’ AND M ASS
srE(’’r R AL ( ‘ l I A R  A(’TEHISi’b ‘S OF Sh Y —

I ~ATElI P~’ RlM IDIN ES AN I ) PU H IN ES

SIIY lated Flu tion Flu (lOt) Base

Base Time , M m .  Temp,°(’ Peak Other

Thymine 11.9 161 255 45(23) 59(21) 73(50) 100( 11)

1 1 3 ( 4 7 )  1 1 9 ( 1 ? )  14 0 ( 15) 14 7 ( 44 )

256 (20) 270(35 )
12
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TABLE 2 Continue d

Silyla ted Elution Etution Base

Base Time , M m .  Temp, °C Pea k Other Major Peaks (r d . ah und .)
(‘ytosine 14.8 176 73 43 (27 ) 44 ( 11 )  45(54) 59 ( 16)
(2 peaks) 70( 13) 72 (22 )  74 ( 16) 98(50)

99( 10) 100(25 ) 112 (29 )  125 ( 14)
l 4 7 ( l l )  170(27) 240 (45) 254(36)
2 55(23 )

16.6 191 73 45(29) 100( 13) 170 ( 12) 197( 14)
312 ( 19) 32 6 ( 14) 3 27 ( 13 )

5-\lethylcytosine 15.3 180 254 18(24 ) 28(43) 29 (20 ) 32 ( 16)
4 1( 32 )  43(39) 44 ( 15)  45(40)
55(27) 56( 10) 57( 19) 59( 19)
69( 19) 70 ( 11)  72 ( 10) 73(90)
74 ( 19) 75 ( 11) 81 ( 11) 83( 10)
84( 12) 9 1( 1?) 100 ( 19) 1 11( 1?)

112(28 ) 120 (29 ) 139( 17) 147 (26)
l 84 ( l 6 )  255 ( 25 )  269(3?)

Umacil 12.3 156 241 28 ( 12) 43( 15) 45(40) 73(49)

99(96 ) 100( 15) 1 13 ( S2 )  126(30)

131( 11) 147 (7 1) 148 ( 12 )  242 (23)

255 (41 ) 256(50) 257 ( 13)

Adenine 19.5 214 264 43( 14) 45(27) 73(72) 84( 11)

1 92( 14) 265(22) 279(20)

(~t man in e 22 .6 239 73 45 ( 30 ) 75 ( 10) 147 ( 12 ) 352(~ 1)

353(13) 367(1 9)

7—Meth:ylgunn ine 23.1 243 294 73(69) 75 ( 19) 180(30 ) 2 2 2 ( 1 4 )

2 3 7(14 )  2 95(24 ) 296(9) 309(20)

0 — M eth y ig imnine  2 1 .8 232 222 42(18) 44(17) 58(27) 69( 13)

(2 peaks) 73 (34)  7 4 ( 1 1 )  88( 6 1)  9 9 ( 1 1 )

190( 14) 20 6 ( 1 1)  223 (20 ) 237(34)

294 ( 19)

22.4 237 73 45(32) 58(36) 74(2?) 84(13)

89 ( 17)  99( 15) 2 94( 84) 29 5( 18)

309(29)

13
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TABL E 2 Continued

Silytated Flu t ion Flu t ion Base
0~ , .Base r ime, Mm. Temp, ( Pea k Other Major Peaks (ret. abund. l

06—Ethytgu an ine 23.1 243 208 18(17) 28(9?) 29 (20) 32(25 )
(2 peaks) 43(20) 4 5(7? ) 7:1(3 1) 75(30)

99(17) 166(33) 236(56) 25 1(40 )

23.8 248 208 29(1 6) 44 ( 16)  45(29) 09( 10)

73(57) 75(35) 99 (~ 9)  160 (36 )
236((; I )  251 (4 7) 280 (31) :123(75)

18.4 205 771 l5( t O )  27 ( 1? )  28(86) 29 ( 15)

(2 peaks) :10(44) 4:’ L’? ) 43 (30 ) 44 ( 17 )

45(29 ) 53(23) 54 ( 10 )  5 5 ( 1 1 )

06(71) 67( 13) 09(10) 72(13)

73( 43 )  84( 13) 93 (4 1) 9 4 ( 11)
1 19(22 )  110(44) 1 7 1(4 ?) 1 :18( 14)

I 48(25) 1 49(74) 1 50( 16) 16 4 ( 19 )

165 (34) 192(3 0) 193(31) 206(58)
2 20 (25 )

20.3 220 278 4 3 ( 1 1 )  4S(27 ) 73 ( 74 ) 8 4 ( 1 ? )
206 ( 18) 720 ( 1 7) 2 7 9 (23 )  293 ( 14 )
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Si ly lated Thymine
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Figure 2. Mass spectrum of disi ly ithymine .

Silylated Cytosine - Fast Peak
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Figure 3. Mass spectrum of disily lcytosine.
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Silylated Cytosine - Slow Peak

~ LIBRARY 3 *** Mol. Weu3htz 327.0
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Figure 4. Mass spectrum of tri silylcytosine.

Silylated 5-Methy lcytosine

•~ * SPECTRUM * 14 LIBRARY 3 *** Mol .  Wet ~ ht~ 269.0
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1 73 899
2 100 191
3 112 281
4 119 292
5 1.39 172
6 147 259
7 184 156
:R 254 1000
9 255 248

i C i  2t~9 323

Figure 5. Mass spectrum of disilyI-5-methy lcytosm ne.
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Silylated Ura cil

SPECTR UM 0 4 LIBRARY 3 •*~~ Mol . W t~ ,hm . 256.0 

[_ •l i[_ ,_ . ., - -,-  , — , —,

100 150 200 250 350 400

I ‘
~~‘ 488

957
3 1 1 3 524
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14 ’ 709
~ 24 1 1 000

230
~ 2’~5 405
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I — ’  126

Figure 6. Mass spectrum of disilyluraci l.

Silyla ted Aden ine

‘‘‘ SPECTRUM 0 5 LIBRARY 3 *1* Mol. W.i~ ht. 279.0

• ~ 1 - ~
[,_~

_ ~
_ I_ 

- -, — - ~~~~1~ -

50 tee 150 209 250 300 350 400

r - ~~~~ Abu ndanc e
1 45 397
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265 222
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FIgure 7. Mass spectrum of disilyladenine.
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Silylated Guanine

I~Y~ ! ~~~~~~~~~~ I
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ri 3  • ~ e
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Figure. 8. Mass spectrum of trisilylguanine.

Silylated 7-Methylguanine
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Figure 9. Mass spectrum of disi lyl—7-meth ylguan j n t’.
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Silylated 06-Methylguanine - Fast Peak

~~.. SPECTRUM * 7 LIBRARY 3 “ft Mo l. W,t iht — 237.0

J . 1 ’- • -,
50 100 150 290 250 300 ~ -0 4 ’  ~

- ~~~~ Abu n d~ nct
1 59 298
2 :-3 343
3 89 651
4 165 171
5 190
6 207 99

-
. 22 2 1000
5 223

2 : ,’
l’~ .~~ 4

Figure 10. Mass spectrum ot’ monosilyl-06-rnet hylguanin e .

Sily lat ed 06-Methylguanine - Slow Peak

~~~~~ SPECTRUM 0 8 LIBR ARY 3 •** Mo l . W ti~ ht~ 309.0
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1 45 540
2 :-3 970
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4 99 220
5 237 120
‘7 2~ 4 1000

‘10
S 2~ E 90

430
t o  310 80

Figure 11. Mass spectrum of disilyl-06-methylguanine.
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Silylated 06-Ethylguantne - Fast Peak
:-~ E 7  ~~~~ 0 i~ .i L I B R A R Y  3 •.. Ilol. We~~iht~ 2 5 1. 0  
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~ 
• ~~~~~~~ I ’100 158 200 250 

~U0
I ‘ M- ~ t~burr d~~nc ,

1 . 3  920
- 4 3 200
5 45 220
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300 
--

~~ 170
- 1 - - - 330

:000
560
400

Figure 12. Mass spectrum of monos ily1_06...ethy~~uanj ne.

Sily la ted 06-Ethy lguanj ne - Slow Peak

-~~ECT Rtj ii * 11 LIBRARY 3 “* Plot. We~~ht . 323.0
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- - - rl -3 €

1 45 290
2 ‘3

350
4 ~~ 191
5- 1t-~- 360

105 1000r 7 2 1 --S 6 11
~ 351

305
1” 3 250

L 

Figure 13. Mass spectrum of disllyI-06_ethylguanfne
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Silylated N 6-Methyladenine - Fast Peak
• C Y M  I?! ! !!!_ 2!:_~!~~~~~~~~~~~

0

‘ 

]
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50 100 150 200 250 300 350

• r — F-1~ A~~ n-~~nc e
1 9 3  411
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3 171 4~~2
4 14~ 742
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Figure 14. Mass spectrum of monosilyl-N6-methvladenine.

Silylated N6-Methyladenine - Slow Peak
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Figure 15. Mass spectrum of disilyl-N 6-methyladenine.
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A few ions are eommos~ t ~1I spectra and are due to the si ly lation of the bases;
ion 73 a m u  N the ( Cl I 3

)
3Si~ fragment and ion 147 amu probably represents a combination

of elements fro m two t r im e thy l s i ly l  moieties. For sily lated thymine , ion 270 amu is
the molecular ion for d i s i l y i t h y m i n e , the base peak of 255 amu is thought to be
d i s i ly l t h y m i ne  less one methy l  group, and fragment 100 amu may be ((CH 3

)
2SiNC~ 0)~ ).

Silylated cytosi ne character ist ically gave two chromatographic peaks which apparently
represent disilvlcy tosine (elution t ime  14.8 minutes , molecular ion 255 amu)  and
trisilylcv tosine (elution t ime  16.6 minutes , molecular ion 327 amu) .  The major fragments
of disi lylcytosine seem to be 240 amu (disilyleytosine less one methyl group) , 98 amu
((CH 3

)
2 SiN-CU=CH )~ ) , and 70 amu ((CO-N~ C-NH 2

)~ ). For the trisilylcytosine , peak
312 amu presumably is the molecular ion less one methy l group. 5-Methycytosine , on
the other hand , apparent ly  formed only the disilylated derivative , 269 amu; the base
peak of 254 is probab ly disily l-5-methylcytosine less one methyl group. Uracil for m ed
the disily~ ited der ivat ive  256 amu , and again , the base peak seems to be disilyluracil
less one methy l  group, 24 1 amu. In the case of adenine , disilyladenine is the molecular
ion , 279 amu . and other characteristic fragments appear to be 264 amu (disilyladenine
less one methy l group) and 192 amu (monosilyladenine less one methy l group). The
molecular ion for s~ y1ated guanine is 367 amu (tr isilylgu anine) and the molecular ion
less one methy l group (352 amu) is a major fragment. Of all the bases silylated so
far , 7-methylguanine was the least react ive substra te and yields were considerably less
than with  other bases. The molecular ion , 309 amu , is disilv l-7-methylguanine ; fragments
294 and 237 appear to be the molecular ion less one methyl moiety and the monosilylated
derivativ e , respectively. The alkylated base , methy lguanine , forms two silylateci
derivatives : monosilyl-0 6-methylguanine , elution t ime of 21.8 minutes and molecular
ion 237 amu; disil yl-06-methylguanine , elution t ime of 22.4 minu tes and molecular ion
309 amu. Both derivatives have as major fragments the molecular ion less one methyl
group (monosi lyl-0 6-methylguan ine less -CH3, 222 amu , and disilyl-06-methvlguanine
less -(‘H 3, 294 amu) . 

6 6Two silylated derivatives were formed with 0 -ethylguanine , monosilyl-0 -
ethylguanine with a retention t ime  of 23.1 minutes and the disi lyl compound with a
retention t ime of 23.8 minutes. The molecular ion of the monosilyl compound is 251
amu and major fragments are 236 amu and 208 amu , the monosilylated base less a
methyl group and less one methyl and one ethyl group, respectively. The disily l
compound has a molecular ion of 323 amu and fragments similarly to the monosilyl
compound.

22
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N6-Methyladenine also formed two silylated derivatives , the monosi lyl-N 6-
methyladenine , 221 amu , and the disilyl-N

6-methyladenine, 293 amu; both derivatives

also had the silylated compound less one methy l group as major fragments: 206 amu
f or the monosilylated base less one methyl group and 279 amu for the disilylated base
less the methy l moiety.

Work is continuing to include 1-methyladenine, 7-ethylguanine, and 7-ethyladenine

in this group of silylated bases for mass spectral analysis. Direct application of this
method to confirm the identity of suspec t 7-methylguanine in liver DNA fro m hydrazine-
poisoned rats and mice is an immediate goal.

Gas Chromatographic Separation of Simple Amines
In the reaction flask hydrazine is known to interact with purines and pyrimidines

directly forming hydrazine derivatives; for exa m ple , hydrazine and cytosine react at
pH 6—8 to form N4-aminocytosine (Lingens and Schneider-Bernlohr, 1965; Brown et al.,

1966).

NH-NH

HN~
_/’

~~~~~
f t om hyd roz ine

N4-aminocytosine

A study is planned to determine the metabolic fate of the nitrogen atoms of

hydrazine (and MMH and UDMH ) using 15N-labeled material; the extent to which

hydrazine is converted to DNA adducts will be determined using mass spectrometry.

To accomplish this it has been necessary to develop a method to determine whether
any nitrogen from hydrazine binds at all to DNA in vivo.

The current method involves isolating DNA fro m rats treated with 15N-hy drazine ,
submitting the DNA to a Kjeldahl digestion to convert the total organic nitrogen to
ammon ia, and steam distilling the ammon ia directly into an excess of ethyliod ide,

CH 3CH 2(. The ammonia and ethyliodide react to for m ethylamine , CH 3C112 N H 2,
diethylamine , (dH 3c1-12)2 NH , and tr iethylamine , (CH 3CH 2)3N. The reaction products
are then injected into the gas chromatograph - mass spectrometer to separate the

amines and measure the ir 15N/ 14N ratios .

23
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\a r io i i s  condit ion s for (he gas chromatogr aphy have been explored. The most

F successful separations to date have been achieved with a Tenax 6(1 80 mesh 1 O’x 1 / 8”

stri inless stee l column in a \ a r i an  17011 gas chromatograph wi th  a f lame ionii.at ion

det ec (or. l’he ( ( ‘ conditions are: inlet ’ tor temperature  ? ? 50
, helium carrier gas flow

~~ te I :~ ml mi n.. air flow 200 ml - win. ,  hydrogen flow iS ml ~m in., tempera t ure progra iii

begins at 1)0 0 and increases at 60-win to a f inal  temperature of ?000. detector

t empe r r i t  iire , ~
‘
~‘:~~

‘
. \tonoet hy lamine  and d ie t h y i r imine  e l t i t e  sepri r ri t elv w i t  b in the firs t

i-I m i n u t e s  but as t r i o t h v l a m i n e  r ’lute s the solvent begins to come off the column.

‘serirr ing t in ’  last pen k. I ~se of a higher boilin g point solvent • such as n—h exano l may

solvi ’ t i r i s  problem; lower molecu lar  weight alcohols all interfere w i t h  the elut ion of

the nmin es . Once the conditions are optimi led , DN A fro m 5 N —h dra -nne -- t re ated

rats will be anal w eu as out lined above .

i i i  I ) l l  A7 ’IN E ~u l i -~
I ’m ’ st udv on hydra iine met r i  holism h~ s concentrated on :u Pl\~Posetl pat hwri v

u’ xpec ted to hi’ rel evair t  as far  as hydr a / flu ’ cari ’j nogen ii’ it v is concerned. it has been

a s s u m e d  I 1w 1 if h ydra iune  us :1 carcinogen , it us act i v ’  directly or indirect lv by ehe mica liv

rn t ~ i it ’v ing t ~N A in t hi’ tar get cell. I Ivdrri - i , ine is ru hepa to toxin  and titu s been report eu

to cruuisi ’ tumors in the lung of (t ie mouse rind the nasal t’nv it v of the r a t .  A dn i in i s t r a  (ion

of hw dra , in e  to r ats  and mice resulted in th e nie th  ir i t i on of liver l~N A . and the stuiul y

of thus in te rac t ion  has been pursued as havin g possible re levance to (he tox i c i t y  rind

crur c in og enic i t v  of hv drn - iin e .  Al t  hotigtr the liver is not (ln’ tuirget organ for the

ea rt ’inogen ic itv of hydrr i i ino . (lii ’ liver m a y  serve as tin indi cator  of niu ’l hvla tu on in

01 hi ( ’r I issues; iil tIfl V ctn ’miu ’nI (‘ar(’inog(’nS. which uto not iulduc ( ’ tumor s in the l iv er .

i~- u l l  i n t e r :uu ’t w i t h  th i ’ mos t re act ive nucleophi lic site iii liver I1N A , the 7— p os i t ion  of

guian i ne , ri s well ~u s at  th i s  and other si ti’s in target organ 1) N \ . i ’huic . fi nih ng

7-u i re t h v lgu an i n e  in i i N  A in the liver su ggests tha t this and other bases (perhaps more

impor tan t  in crir cinogenesis) may  form in targ et tissue . ~u 1uch e f for t  has been put in to

di’ f in ing the comlit ions under which hydra zine admin i s t ra t i on  t’nn result in n ieth lati on

of DN -\ in the liver and other t isses anti what signifieance this m ight have in

care imlogenes is .
f l a t s  are fasted overnigir t to reduce the hepri t ic stores of glycogen whi ch interfer e

w i t  Ii the I iN -\ isolation . l lu ’t ween 8 and 1’ a.ni ., the ra ts are pr iven orru liv a so lut ion

of h vd r ru  i ine in 0 .1 N lh ‘I (intiihat ion vo lume r i pp ro x i inn t e lv  0 .) ml ) ;  controls tire given

ii . I N I i( ‘ I on lv. -‘ I the  same t i m e  rind every hour thereafter for four hours, all rats

ai’ u’ given - 
I ‘ met by I - met h ion mu ’ (appro xim r i t e  iv ~‘0 u( ’i) m t  ra per i(onea Il~- , and are killed 
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by decapitation one hour a f te r  the Inst mu ethi oni n e  inje ction. Liver I )N A is isoitut eul ,
nei(1 llytIro l V?.ed, anti chroinatograp h ieally separated in to  pv r imi d ,n e  oligonuiciu’o (iules and

fret ’ purine bases. A a ek se of 60 tug hydra / ine kg txxiy weight  ( I  310.01) . h u t  not

at a dose of 30 mg/ kg, the presence of 7—rn et hy lguan i ne in the I )  N A I ivdr olvsri te cu ll

be detected.
‘l’o confirm the ident i ty  of 7—met hy Iguan m e , 90 tug of liver I 1N -

~~ were’ prepared

fro m 12 rats g iven orally till tu g hy dra z in e/kg S hours before decapitat ion;  une ( h io n i t i e

was not administered to these animals .  i’lit’ l )N A I ivi l ro lv sru t e , w i t h o u t  added 7—
in et hvlgu anine , was fract ionated by high 1)rt ’sstut ’t’ liquid chroina tog m’ap t uv u s  described

above , and suspec t 7—met  hy Iguan m e  was collec ted , dried under va cuui ii i , p un c h red isso Ived

in 0. 1 n i l  0.1 N l i t ’ l. ‘l’Iu is tuit i teria l  was spot te’d on Wh a t  miii ) 3M chromru togrrip liv pr upe ’i’
which was the n developed wit  Ii ha tano l :n in mon m m  hydr oxide:wu i ter (85::’: I :‘ ) according

to Singer and Fr ank el— ( ’ onr at ( 1 975) . ‘I’wo cii truivio let absorbing spots were resolved

wit h  retention volumes corresponding to those of adenine ru t e t  7—me t twtg u au ine  ( 7—

met hylguanin e elutes im media te l y  a f t e r  adenine in t tie column ch ron in to grnp luy met  hod) .
The suspec t 7—met hylguanin e was eluted fro m the paper wit ii (1.8 ml (1 . 1  N I l ( ’i. I’he
ul t raviole t  absorption spectrUm ot this elua(e was determined rut 

~‘1i 
I ruu i d (l ien r ut p11

i t ;  these spectra closely t oll owed those of re fereut ’i’ 7 —m et 1w lgu uun m e  tnuele r t he same
conditions. Using a mol ar ex t iu ic t ion  e ’oetf ic ient of 8.97 x 10 \l~~ cni~~ for 7
met hy Iguan ire, the a mount  of t his base was e’st im a te e t  to be 8:’ um oics 7—met  1w Igutami imi e
per mole gunnin e isolated f i’oiir t i r e  FI N A hydr oivst i (e.

This leve’l of 7—meth y igua n in e  in l )N A is r ut (t ie ’ l i m i t  of detect ion for the ui ewly

developed fluorescence iii et hod described above. Several rut t emp Is have been m ade to

me’asure the amount of 7—met hy lguu nine  in FI N .-\ Iuv dro lv sates by (t ie’ f iuuo r e ’se’ence’
met hexi hut they have not been successful. Oe’e’a sionrullv, 0t’—une t  l i v lguani uie  was d e te c ted
in hydro ly sates of mouse liver i )N A using the radioactive ’ methi on imi e procedure but
this  base has not been elete’c t eel using the fluorese’ene’e technique. -~ll fu r ther  studies ,

then , have relied on labeling the met hv ln t in g  iu i te r m ed ia te  by giving an imals  r adioact iv e

me thi onine. ‘l’o reduce (t ie ’ cost of (t ie’ st t idies 1l I — m e t h y l  — m e t h i o n i n e  has been subst i t u i t e c t

for the 14 r—labeled amino acid.

The methy l ui t ion of live ’r FIN A in rats occurs shor t ly  ri f ter  ora l r idminis t ra t ion of

the’ hyt lr ,uz ine. M ale Fischer : 4 4  rats, I I  ~ - I 95 g body weight , were given at t i m e
zero 60 mg hy drazine /kg body we ighi t , pt’i’ ~s, in (1.1 N I I t ‘1 (0. 1  ml l (lOg body we

or only vehicle (eonti ’ol) . Also at t ime  ze’ro each rat received by m t  rap er itonea I

injection 100 u ( i  l I — uue th y 1—met h iionine ( 15 ( ‘ i ’ mt no te , Aun ersh a m ( ‘orp. Arl ington

:‘ 5
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1 leigh ts , II ~) in 0. I ni l I) . 9’k~ t4ui (‘I: the i i i  (‘(ii LOll inc injet’ lions were repea ted hourly rin d

t h e  animals were decapitated ou t’ hour following the last methi onine imij ec ti ou i .  At I

3. 5, and 9 hours af ter  hydra zinc ad m l  ii 1st rat ion three treate ’d rind t h ree (‘oat rol rats

were decapitated nnd liver l )N A fro m pooled livers was isolated . The FI N A was

hiv etro lyzed and en rr icr 7 —me ’t liv Iguan ire was added to the hydro ty su u te be fore’

f rac t ion at ion 1w high pre ssure liquid chm ’omnn togrnp hy ( W t u i t m a n  Puir t isil Ml) 1(1/5(1 strong

t’ii t i otl eXet iatit (( ’ column , (1.1 M u i m n u u o u i i u m n  phosphate p11 2.0 , 4 m i - ’uu in , dete ’etion at

:‘7 urn ) .  ‘)‘hie ’ individu al fu neti ons were collec t ed anti the uimno unt  of gununn e’ was

m easured by U V absorbnnce. Each frru ’t ioui was utppl%e ’el to a -t cm I lowex 50. 8x ,

cat ioii e’xelirtuig e column previously washed w i t h  I N lI ’I. A f t e ’r the ç~yr imid ine ’

ohigonueleo t des or pur ines were absorbed onto the column , t h e’ salt was re moved wit  ii

0.0 1 N 11(1. The F I N ,-\ fraction was eluted from (lie desalted column w i t h  (1,1 M

am mon iuni acetate , p Il 10. The ch in t C’ W8 5 neu tm Ii ‘i-ed wit  Ii at’t’ t i t ’  ftt i (1 nutid mix  eel

w i t h  l iquid scint illat ion eoektail  (Aqur iso l :‘. N ew England Nuclear , Ilos to mi , M A) to

uui e uu su i re radio ne ’tivi t  y . The’ amount ot’ 7—me t  t uv hguirmnirn ’  in tin’ I )N A was e’st im ated by

ass uimn im ig the ’ spe ethe a c t i v i t y  of liii ’ metl ivl a (e ’d purine was th e snffle ’ as the pu tat ive ’

met tiy I donor , S—nele nosy lmet h ion m e ;  t lit’ specific t ic ( iv it v of S—nele ’nosvl met tii on inc wr u s

est imated ru’eording to (lie met lied ot’ (‘riuddock ( I  974) . 1’be results tire shown i i i

Figure 16. No 7—met liv lgunm n m e  wni s found in Ii ve’r I) N A fro in tiny of the e’on t ro I rats .

40 - 
Figure 16. ‘l’imc course of liver FIN -\

nlet hy lat ion in r u uts  t re ated w i t h
~~_0—~~

:10 - _ _ ___—
‘ hvel ra z imi e.

N 

7

I tours a f ter  hydr azine a u lmin ist rat ion

The levels of FIN A methyintion measured cising ‘1h1—mettiyl —methionine are

approximately three’ times lower thrumu t hose’ det ermined w i t h  the i4 ( ‘—labe led amino

tieul, at least lit the 5—hour t ime ’  point , the only I ime’ for which comparison dntn are

nyu ila bl e. This may he d u e  to (he extre une ’ly high specif ic rue t iv it  y of the tr 11 inte el

26



~~ur — 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ - - ~~~-~~~ 

- ~-~~~~~ ‘ - -‘~~~~~~~~~~~~~r 
- 

- - — - - ---- - ~~~~~~~~~~~~~~~~

compound and there ’ fore l imited amount of methion inc injee’ ted in t h i is e’xper imue u i t.

One mechanism by which this methylat ion of I ) N A cou ld occur in ti drnui. i tie ’ —

poisoned rats was st~ gested earlier to inv olve firs t t h e  in vivo methy lni t ion of Iweira z in e

to mono m ethy ihydrazi ne with methionin e as the sour ce of (he mu et by I group; mu onom et 1w I—

hydrazi ne (MM it ) , the n , migh t be metabolized to a n iethy lati n g agent , methonium ion

perhaps , thus involving the I )N A. The rapid appearance of 7—methiylgunmine in the

liver FI N A of hydra zin c—poisoned rats argues against mono mue t hvlh ydmnz ine ’ as ii possible ’

i ntermediate in the methyl a tion pro cess, Also , we previously reporte d (Shank , I ¶1 78)

that in mice given equal molar doses of hydra zinc or monomet by Ihvdr a zinc’ . I) N A

methylation was only 50% greater in the n lon ometh vlhydr niz ine— tr eat ed animals , Ui ue’h
less than would be expected if M M I I  was tin in termediate  in the ’ rn e thv ia t io n  proce’ss.

The rap id methy int ion of t )N A following oral hydrazine adminis t ra t ion to rn Is is

consistent with the second mechanis m proposed prev iously (Shrink , 1978) : t iv d mn u z in e

may a l ter DNA met hylase such that the enzyme ’ methy lates  not only the 5— po sit ioul of

cytos ine (the only meth ylation site in control anim a ls) but nilso the 7—posit ion of gunun m e .

Kudrashova and Vanvushin ( 1976) have shown that t iydr oeor t isone (iii j u n ickin g stress)

stimulates DN A methiyla se maximal ly  in only 40 minute’ s. Our pre Ii n i i nnu ry  st udy

indica ted that hydrocort isone st imulat ion may also i’esult in l )N A met  h y inu t  ion rut I lie

7—position of guaninc . Further studies are planned to explore the po ssib i l i ty tha t

hydrazine acts by directly or indirectly altering the ac t iv i t y  of e’ndogenous liver 1~ N -\

methylase.
One experimen t has alre ady begun hut is not complete. fl ir ts  were given an

LD5O dose of carbon tet r ach lor ide , ye llow phosphorus , or th i i oriee tnimn id e r ind I hen
3 . -  -H—n ’iethy l—m eth ion ine , as has been done in the hyd ma zuut e studies. Five  hou rs a f t e r

poisoning, li ver DNA was isolated and analyzed for the presence of n ie t h iv h at ed  bases.
The object of this experiment is to determine whether l )N A m n e ( h y h n u t  ion in h eir az ine

trea t ed animals is specific to hyd mazine or a non—spe cific response to toxi c live ’r imij u r v

(carbon tetmachioride, phosphorus, and thioneetamide tire all hep atotoxi c) .

MONOM EiI-IYL1IYDRA7.INF. M ETABO I3SM
As explained above for hydrazine meta bolism , ef fo rts have cone’ent rat eel on

metabolic pathways which migh t involve chemical al terat ion of FIN A nui d he relevant

to the pu tat ive earcinogenidty of M M P I . i~ar hie r studies showed t ha t  M M I I  can break

down or be metabolized in the r at and mouse to a methylating intermediate , result ing
in the formation of 7-methylguanine in l )N A . The same process was stud ied in (lie’

hamster. Eigh t young adult male Syrian golden hamsteu~ were given orally :‘:‘ tug

27 

~~~~~
- ----

~
--—

~
- -

~~~~
- --- - J ~~~----~~~~~~~ - -~~ ~ -. - -



- ‘__ ‘_ ‘~ - T .  - -
~ . 4 ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ “ W 3 ’ WC’~ —— — - - --—- —— --—- — —!.,-.c,,_____ __________ -—.— —‘— 

- . —~~~

\l M II kg body weight (shown previously to be au i PSO) in d i lut e  lb ‘1. i’he run im ruls
elev ’loped intermittent convulsions hunt none eije’d withi n the 5—hour study period . Fiv e
hours tufter \1M II nidn iiuiis tr ruti on th e run ininuls were uk’e’apitat e’el anti FIN \ was isolated

from pooled l ive ’rs . k idneys , lungs , brains , and colons . l ) i l u t e  h l ( ’ l  hivdr olvsat es of FIN A

we’re’ fract ion n it ed liv high pre’scure chro m r ito gr nu ph w and e ’xn imin ed for the pre’se’ne’e’ of
mne t h i v l n t ee l lxtrines Lw t h e ’  fluorescence t eehiuiiquie described above . No m iiet hi vhru ted

purint ’s could be’ eiete ’cted: l i m i t s  of detection were 85 um n uole ’s 7—nu ’thviguuumuine mid

~‘ umno le s  0t’—n ie ’t hu y lg ua mi in e  per mole gutanine. Thu s, mne ’ t huv l r i t ion of l iver FIN -\ in
tin mu st ers  given ~‘~‘ mug ~.l \l h 1~ kg is considerably loss than the ~138 utmo lt’s

7 — u i  et hi y lg un u n i tie mole gum ani tie repom’ t eti previously for i i i i  cc give ’n 14 .-I mug ‘it ‘ii ii kg.
hut  1111W be in the’ range of th at  ohse’rve ’d iii ( l ie ’ m l  I given 15 mug ‘elM li/kg . min i mclv .

5 — 2 1  u tm o l es  7 — u u i e t h u y l g u r m i n e ’  mole gu animie in Iiv e’r FIN ‘i.

i’o con f i rm (lie ’ re’lnutive lv h igh amou nt of FIN A m e th i y l a t ion  in ‘elM li—treat ed mi lieu’,

(lit ’ experiment was re’peate’d in whiie ’hi I l l i e ’e’ were’ giveul 14.4 mg M M I I  kg bod y we’ight
anti liver and lung FIN A were isolated S hours later. Flumoresence muo nit oriuig of l i i i ’

o f f l u e ’nt fro m t lit’ liquid e’hr omiiu t ograp h it ’ ft’ae’t ionat ion of th e  1) N -~ hvdrolvsa li’s fa i l ed

to uie’t e’e’t : i m i v 7—met hiylgiuanine’ in e i ther  FIN -\ pru’pnlru t ion , wh ich suiggests tile ’ earlier

report of FI N -~ mu et h i v ln t i on  in ‘el ‘el h i  ( rca It ’d iii ice’ w~is an ewe ’u’e’st nun te h awks  and

‘iltugee’ ( 1 ¶ 17-I ) have shown tha t 15 mg ‘el ‘i l l  I / kg  bexiy weigh t given suib c uu ( n ne ’oum s l v to
mu ice 6 hours before de cri pi t at iomi results  in (lie fornir uti omi ci’ 63 uimol es  7 — m e t  h iy l guian i t ie
per nick’ guanine . ri level below (lie’ li m it of detection for t h e ’ flutoresee’,ie te e’hiuiiquu’ .

Fresh \l ‘ii II was svnthiesi-,e’d using 
1 i(~_ or I— el inie ’thiylsutlfa te to re ’du ’ter n i iu iu ’ (lie’

le’vel of FIN .-‘t methivlnt ion in M ‘ill I—tre’a It’d an imnils. In (lit ’ first e’xpcrime’ult one r at
was given 0.44 1; tug M M I I  (0. O~ 3t; 1 ~l) 5O) in ~‘ .3 ml d i lu te ’ hI .,SO~ or rihl  rut a r a te ’ of I

till at t ime  zero and 1.3 nil at time one hou r. The ‘elM it ~~~~ mixei l  to e’ont ru in ~‘‘28

uuCi 
_h

ll and 63 .7 u(’i 1 ~~ One rut was giveul run equmivrul e ’uit rumount o f unlnibe’led ‘ii ‘ii h i .

Five’ hours a fter ‘ii ‘ii Ii ad mniuiistr n t ion hot hi rats were’ ele’e’ap ita (eel rind FIN A wa s isolat ed

fi’om pooled livers, kidneys. lumigs . rind colons. i’Iie l1N A cyrus h ydrolyzed in 0.1 N lb’l

rut 70°C t’or 30 minutli ’s. and the hivdu’olysnite was frnuctiona ieel by h igh pl’e’s5itl~’ liqu id

ehromu (ogt’nuphv. Fractions containing p rimi uline oligonue’Ieotides, gutanine , ruelenine .
— - 6 -• —me’thvlgunnine’, rind 0 —miuetlwlguanune (carrier ridded for last two bases) were desnll te ’d

on l)owex 50 columns as described under hvdruu /ine n ie ’ta hi oh isni .  l’he de’sni l ted fruie’t ions

have not yet been coumited for rn u di e’inctivit v.
Last year ii series oh’ experiments wnu s i u u i t  iated ill whiie’hi the ’ in vi t ro  c~ l dnut  ion

of I 4(. 
~ ~ui i i  amni I 4(. 1 .1 —d imetlwlhivdrni zi ti t ’  (UI i’ei ii) cyrus measured iii rat live ’r, k idt i ey,

-
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lung, and colon; these experiments have been expanded to include mouse and ha mster
tissues and to include oxidation of 14C-glucose for com parat ive pur poses. The object
of these experiments was to determine to wha t extent these hydrazines are metabolized
as opposed to spontaneously decomposed. Ear lier attempts to measur e formation of
formaldehyde from MMH and UDMH were not successful , presum ably due to the rapid
reaction of unmetabolized hydrazine with the formaldehyde to form the corresponding
hydrazone; thus the formaldehyde wasn ’t tr apped by the N ash reagent . Al though the
experiments are elementary, they are important; the entire thesis of the comparative
metabolism program in the careinogenicity study on the hydrazines is based on the

assumption that a difference in the carcinogenicity of the prop ellant hydrazines in the
thr ee test species can be explained by a difference in the metabolism of these compounds
in those species. I f the hydrazines decompose spontaneously to the ultimate carcinoge n ,
the likelihood is reduced that differences in metab olism will be important in explaining
the differences in carcinogenicity.

Fresh tissue was sliced (0.25 mm thickness) and washed in cold saline; 200 m g
of tissue slices were added to a metabolism flask containing 3 ml Krebs-Ringer phosphate
buffer , pH 7 .4; ot her slices were first boiled at 100°C for one m i nu te to serve as
contro ls. Preincubation at 370 was carried out for 10 minutes, and then 0.1 ug
14C-~MMH (14.6 uCi /ml , 6.6 mCi/mmole) and 2 ul containing 20 ug MM II  in 0.1 N HC1
were added; for UDMH 0.00135 ug 14C-UDMH (18 uCi/ml , 13.3 mCi /rnmole) and 2 ul
contai ning 100 ug UDMH in 0.1 N HC 1 were added. These concentrations of hydrazines
are approximately equivalent to the rat LD 50 ip or po, assuming that 10% of the dose
reaches the tissue at one time. Carbo n dioxide was trapped in the center well by
NaOH. After the appropriate incubation time , the tissue slices were inactivated by
the addition of 6 ml cold absolute ethan ol. Sodium carbonate was added to the NaO H
as carr i er and the carbonate was precipitated as the barium salt. The barium carbonate
was washed, boiled in water , and counted for 14

C; in this way the 14C represented
only CO2 and not entra pped M M II  or IJ DMH. The filtered incubation medium was
also assayed for 14C as a check on how much 14C was added to the flask initially.

The results for the oxidation of MM II are summarized in Table 3 and Figures
17-19. The table gives regression lines calculated for the data over the 240-minute
incubation per iod; however , in most instances a biphasic response was observed , showing
a greater ra te of oxidation occurring in the fi rst 60 minutes of incub ation . The
biphasic response is ma de clear in the graphic representation of the experimental data
in Figures 17—19.

29
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TABLE 3

LINEAR REGR ESSION ANALYSIS FOR IN
VITRO M ETABOLI C OXIDATION OF
M M II  TO BY R AT , MOUSE , ANI)
HAMSTER TI SSUE SLICE S IN FOUR
H OU R S AT 37°C

Species Tissue Reg re ssion Line * Correl. Coe f.

Rat Liver y 0.030x - 0.36 0.95
Kidney y 0.012x + 0.21 0.95
Colon y 0 .Ol lx + 0.14 0.87
Lung y 0.004x + 0.01 0.99

Mouse Liver y 0.035x + 0.24 0.87
Kidney y 0.017x + 0.61 0.78
Colon y 0 .O l O x - 0.06 0.92
Lung y = 0.007x + 0,034 0.97

Hamster Liver y = 0.0340x + 0.2116 0.72
Kidney y 0.0093x + 0 .1233 0 .91
Colon y = 0.0064x + 0.1362 0.84
Lung y = 0.0040x + 0.1055 0.79

* y = percentage administered radioactivity recovered as carbon
dioxide

x = incubation time in miute s, up to 240 minutes

30 
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In ligh t of the fact tha t formaldehyde formation could not he measured in the

presence of MMII , presumably due to hydra zone formation by the for malde ’h vde and
M M I I , it is surprising tha t so much I4 (~O could he recovered in these tests . It mmiv

be possible that in the first hour some of the MMII may he oxidatively demethy lated

and the resulti ng formaldehyde forms the hydr azone w i th  MMII , while  M M I 1  also breaks

down spontaneously to a product which is rapidly oxidized to carbon dioxide : after  the

firs t hour the spontaneous breakdown products could be gone and one then measures

the rate of the oxidative demethyl ation of the hydrazone which for m ed ear lier. This

is only one of several possible explanations for the hiphasie curve; no furt her effort

is planned to characterize the intermediates betwe en ‘il ’iul l  and carbon dioxide in these’
experiments.

The objective of the st udy was achieved ; it has been demonstrated clearly that

8 Figure 17. In vitro oxidation of 14 C-

- 

- MMII  to 14 (~O by rat liver ( l v ) ,

6 - kidney (K ) , colon (C) . and lung (tn)

- 

- slice’s a t 3 °C Fischer 344 young

4 male rats: each point represents trip-

2 

,

~~~~~ 

I ica te assays.

Incubation Time, hrs.

0
8 .Lv Figure 18. In vitro oxidation of

MMII to ~~~~ by mouse liver (Lv) .
6 ./ ktdae y (K ) , colon ( C) , and lung (Ln)

slices at 37°C. C57BI ’6 young male

: 

rnic~~ each poit ~t re preseui ts tr ipli cate

Incubation Time , hrs. 31 
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~~~~~~~~~~~~~ Lv Figure 19. In vitro oxidation of

6 / MMII to 14 C0 ., by hamster liver (Lv) ,

/ kidaey (K), colon (C), and lung (Ln )

/ slices at 37 °C. Syrian golden youngo 4
/ 

male hamsters; cacti point represents

_~~K trip licate assays.
C 

~~~~~ 
i - -——

1 2 3 4

Incubation Time , hrs.

u nder these expe ri mental conditions , MMII  is metabol ized and at different rates by

di fferent tissues in the three species. The rate of oxidation of M M I I  to carbon (iiOxjdc

is greatest in the liver and decreases in the kidney and colon and is lowest in lung
(Figures 17-19).

Table 4 compares the rate of oxidation of MMII  by animal tissues wi th  tha t  of
glucose under the same experimental conditions; incubation time was one hour in al l
cases . The rat appears to be able to oxidize MMII  abou t as rapidly as glucose. On
the other hand most mouse and hamster tissues , wit h - u the exception of liver , are slower
to oxidize MM1I .

32
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TABLE 4

COMPA RI SON OF TH E RA TES OF

M ETABOLIC OXIDATION OF 14 C-Mltl lI
AND 14C-GLUCOSE TO 14C0 2 BY R AT ,
MOUSE , AND HAMSTER TI SSUE SLICES

AT 37°C FOR ONE HOUR.

Conversion of Substrate to 14C0 9 in 1 Hour , %

Species Substrate Liver Kidney Colon Lung

Rat M M I I  1.80 1.23 0.82 0.35

Glucose 1.21 2.41 1.54 0.65

Mou se M M I I  2.55 2 .66 0.41 0.49
Gl ucose 0.09 4.40 1.23 2.03

Hamster M M H  2 .29 0.55 0.43 0.63
Glucose 0.06 2.41 9.98 1.23

Figures 20-23 compare the rates of metabolic oxidation of 14(’ I t lMI l  to
for each tissue in rat , mouse , and hamster.

8 M Figure 20. In vitro oxidation of 14 (.
8 R MMII to 14C0., by rat (R) , mouse (rbfl,

6 
H and hamster (H) liver slices at 37°C.

: 

Each point represents triplicate assays.

Incubation Time , hrs.
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C

0

8 Figu re 21. In vitro oxidation of
M M I I  to t4~ o by rat (R), mouse (M).

6 and hamster ( II )  k idney slices at 37 C.
C Each point represents tripli cate assays.

1 :7~
—
~i

-
~~ Incubation F ime , h rs.

C

c Figure 22. In vitro oxidation of C—
8 M M II  to 14 (.O by rat (R ) , mouse (M ) ,

and hamster (M ) colon slices at 37 °C.

~ 6 Each point represents triplicate assays.

2

I ncubation Time , hrs.

Figure 23. In vitro oxidation of

8 - 
M M I I  to 14C0 2 by rat ifl, mouse

2 and hamster (H) . lung slices at 37°C.

= 6 - 
Each point represents triplicate assays.

,-
0
a 2 ,

I ~~~~~~ R,H

Incubation Time, hrs. ‘14
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Fr omu these figure’s it us clear tha t ~ilthough muo us e’ luvt - r  oxidi :  o— - ‘II \ t I I  to e •~~~ -~

faster t ham u rat or hamster liver . (lit ’ end point a f t e r  4 hours u m u c u b a t u o m i  is ~ut’otu t t h ~’
same un all three spe\’te’S. lt us not et clear how t he ’ fa ster  o~ i~t~u t u o m i of M M I I  i i i

mouse liver is related to the’ greater methylatic’n of mOuse’ lu v t ’r PS \ compare~1 to

rat liver l)N A . \joust’ kitb it’y e’onvt’rts MM 11 to ‘O~, faster tha t i  r at k idne y wh u ch i  u~.

fas ter  t han hamster kidney, and colon am id lung are slow cenve ’r t e ’N i n all three spocut’s.

I ,l—l)IMFTIIY LLIYI)R .-\?.lN F \I FI’-~ HO li SM
l’tk’ mnt ’t abol i smu studies on l , l—d i m ii e’thvlh vdr ai in t ’ ( U P M l l ’~ I v u v e ’ paralleled th ~st ’

on \ IM1I .  Rats and hamn stes  wore’ given 11150 doses ci U l I M  11 orall amid dt’c~i t ~i t’d

S hou rs later. tI N .-~ was isolat ed from liver. kidmie’y, lung, colon , and br ain , h\-drelv .’ed
um i 0.1 N IICI at 70 °C for 30 minutes , and anal~ied by h igh pressure’ liquid chrou itcutranhv

with a fluoreseence detector: no mue’thvlatt’d purint’s could be’ sK’ t t ’e’t~~ti wi th t h u s

technique which has l u m u t s  of dt’tet ’t i t ’~m i of 55 umt ’les 7-me ’th~-lguanune’ pe’r -‘~olo ~uanune’

and 2 umoles 0t
~ methy lgtmanine per m elt’ guan iml e’.

Before’ the I) N -\ a lkvlat ion ~t udit’s on U PM 11 could be done’ in the ’ mouse’, it was

miecessarv to estim ate the’ I DSt) V9111e’ mu the C 57 III 6 milouse’ for a 5—hour dtmra t ion .

M ice we’re’ given orally 150, 175 , 200 or 265 mg U I ’M 11 kg body w eight  U ’I ’M II was

dusso h-ed in 0. l N H (‘I) and observed for S hours. I’)ie’ nu mnbt’r of an im als tha t timed

at each dnse us given in Table 5.

I ’AIII l’ 5

ACU IF I. ETI I A l~lI ’ Y OF U PM Il IN i’l l F (‘57fl1 6 \ l t~U Si’

Post’ U l ) M l l , po No . M ice No. Mice’ l)ead
mg kg body wt .  l’este’d um i S i leurs ‘~ ‘ flt ’ad

150 15 4

175 19 7 57
200 14 S ‘7
265 21 l ii

1 1)50 190 mng kg IIW 95’\-e ’l~~l7 1-211 mg kg HI% S l.3i~
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l’hu’ I ~1150 with 9S~ con fi demice’ Ii ml t’~ and slope fune t ion , S. for the 5—hour
oh-~t ’m ’va t ion period was calculated according to the method of Litchfield anti %\‘ ileoxon
( 1 949) .

‘ut the end of 5 hours , survivors of the 1 1)50 determinat ion were decapitated

~umut1 I ~N .\ wn-~ isolated trom livers, kidneys and lungs. Analysis by high—pressure liquid

chromatogr aphy an( 1 fluorescence speetrometrv failed to detect th~ presence of 7—

m et  liv iguan Inc or 0b _ mu ct liv iguan Inc in the I) N -‘u from an i m a Is t rea ted wi th  any of the
four k~scs of U L ) M 1 I .

Obvio uus lv ,  it U I ) \ l l l  adminis t ra t ion  results in any 1)NA methvlation of these

t issue’s in rats, mice , or hamsters, the extent  of m ethy l a t i on  must be qui te  small  and
radiolabeled U t IM 11 w i ll have to he used to detect the DN -‘u adduet.

Radioactive U PM Il was prepared in the laboratory and administered orally to one

Fischer 344 male ra t .  A mixture of l4(~ and 3U—taheted U1)M 11 was used to determin e
if the’ two labeled compounds would give ident i c  - results; earlier work with ‘~i I — U l ) M 1 I
in(lk’att’d the label on DN -\ was hound sufficiont lv strong to withstand the DN: ’u isolation
technique but not the 0.1 N I ICI  hydro ly sis. The rat received 0.604 mg l4 (~_ (~ 1)11 hI
( 132 uCi; 13.3 mCi mmolt’) and 4.2 ug 31 l — u h ’\ 1  11 (280 uCi : 122 mCi/mmole’

~ in 2 .2 ml
diluted 11 2S04 (p11 

1 ) divided into two in tuha t ions given an hour apart.  One addi t ional
i-a t was given the same amount of unlabeled U hIM ii. Five ’ hours after the first

administration of UI)M1I , the rats were decapitated and PS A was isolated from individu a l

livers and pooled kidney s , lungs , and colons. These nucleic acid specimens have not
et been analyzed by high pressure liquid chromatography (reverse phase) and liquid

sc in t i l l a t ion  speetrometry .

To conf i rm tha t U l)M 11 undergoe s m-netaholism as opposed to spontaneous decomi-i —
position in rodent tissues , the rate of oxidation of 14 C — U I I M  Ii to 14 (~O was measured
using tissue slices. The technique used was descr ibed in the study on the in vitro

metabolic oxidation of 14 C M M I I  The results for the oxidation of U D M I I  are
summarized in Table 6 and Figures 24 -2 6 .
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TAB LE 6

LIN EAR R EG RE SSION ANALYSIS FOR I N
VITRO METABOLIC OXIDATIO N OF 14(.

UDME1 TO 14C02 BY RAT, MOUSE , AND
HAMSTER TI SSUE SLICES IN FOUR
h OURS AT 37°C

Species Tissue Regr ession Line * Corre t . Coeff.

Rat Liver y 0.OIx - 0.02 0.96

Kidney y 0.0072x + 0.085 0.96

Colon y 0.008 x + 0.17 0.84
Lung y 0.000Rx + 0.0006 0.91

Mou se Liver y 0.008x -f 0.48 0.74

Kid ney y 0.009 x + 0.46 0.69

Colon y 0.002x -4- 0.002 0.96

Lung y = 0 .Ollx 4- 0.065 0.93

Hamster Liver y 0.011 9 x + 0.05 14 0 .95
Kidney y 0.0051x 4 0.0393 0.82

Colo n y 0.0028x + 0.0284 0.34
Lung y = 0 .0003x + 0.0091 0.44

* y = percentage admin ister ed radioactivity rceover d as carbon
dioxide

x incubation time in minutes , up to 240 minutes

3,
~
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‘I’he table ’ gives m-egm’e ssi oml li mit’s calculat ed for t ile ’ tb t ta  over the 24 0—m uin ute ’
in euhat ion period. lii most instamices, however, a biphiasie response was seen , wi th  a

greater rate ’ of ox id t i t tom i eX’cuirriflg iii the firs t hour of incubation . The’ biptiasie

i’espomise can be seen in Figures 2 4 —2 6 . As wa s the case for M M I I , the nature of this

response cannot yet be explained. ‘l’his at tidy does demonstrate ’ tha t  UI )  M II is

m it etaholized by these t issues in vi tro and at differ em it rates in the three specie’s. I’or

e’xamu pl e , mouse lung is considerably more active in oxidi zing Vl )MhI t han is lung (rout

the rat or ha m ster; in fact , mouse lung is just as active as rat and ham ster liv er. In

gen era I, rode’n t I issues oxidized MM hi faster t hiatt U I )  M II .
I’nhle 7 compares the rate of oxidation of ( l l ) M1 I  by am u imal  tiss u e’s w i t h  t h a t  of

glucose under t he’ same expe’r i at enta I comiel it ions , and t hu s, cc mpares wit  hi Fable 4 wh ichi
provides the saint’ im i fo ru n a t io n  for M M I I :  incubation time ’ was one hour in all cases.

C’ 
_ _ _ _ _ _ _ _ _ _ _ _L
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~ 8 Figtmu’e 24. In v i t ro  oxnin t ion of I 4~

Uh )M t h to ~~~~ by rat liv er (Iv ) ,

6 k ittacy ( K ) , colon (( ‘) , amid lung (I M)

— slices at 37 C. Fischer 3.14 young
0 male rats : ene ’hi point represents tr ip l i—

-~~~ ente assays.
•Lv

_:C

-
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In cuh atiom i t ime , lit-s.

0

Figure 25, In vitro oxidation eIf 
14 ( .

U PM L I to I 

~~ 
by m ouse liver (1 v) ,

kidney (K), colon ((‘), and lung (La)

.1 slices at ‘r°c ( ‘57111 6 \‘ouI m ug m a le’
mice; cacti point represents tr ip l ica t e’

— __~~~~ ~~ HSS?i\’S.

Incubation t ime , hi~~. :18
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- 14 ,I igiure .‘t~. In v it ro oxuela t ion of ( —

I  U P M ) l  to 14 co .., 1W h~ mn st er liver (Iv ) .
kidney (K). colomi (C), and lung (I ~n)C) 

‘ 0 slices at 37 C. Syrian golden young

0 LV male ha mu sters : eiwhi point represents
-  t r ipl icat e assays.

1 2 3 4

Incubation t ime , hrs.

TABLE 7

(‘OM PARI SO N OF ‘I’ll F H A’l’ES OF
M ETABO l~lC OX ll) .-vr loN OF 14 ( ’ U  P M 11
A N t )  14 C— G l , U( ’OSl’ -ro 14 c0 Ifl’ HAl ’,

MOUSE , ANT ) h AMSTE R ‘11SSU F SI l( ’ES

AT 37°C FOR ONE LI O UR

Conversion of Substrate to 1 4co~ in 1 hr.. %
Spee i es Substr ate Liver Kidney Colon Lun~

Rat U D M II  0.70 0.54 0.84 0.04

Glucose 1.21 2 .41 1.54 0 .65

Mou se UD M 1I 1.59 1.77 0.97 0.1?

Glucose 0.09 4.40 1.73 2 .03

Ha mster UD M H 0.90 0.52 0.24 0.10
Glucose 0 .06 2 . 41 9.98 1.73
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All rat tissues oxidized UPMH slower than glucose and this is also true for kidney
and lung fro m mice and hamsters . Mouse and hamster liver oxidized U D M II abou t 15
times faster than glucose.

Figures 27-30 compare the rates of metaboli c oxidation of 14C -U DMII to “~CO 2 —

for each tissue in rat , mouse , and hamster.

8 
14Figure 27. In vitro oxidation of C-

8 6 UD TVI H to 14C02 by rat (R ) , mouse
2 (M), and hamster (H ) liver slices at
~ 37°C. Each point represen ts triplicate

2 
assays.

In cubation time , hrs.w
>

0C~)

Figure 28. In vitro oxidation of
UDMH to ‘4C02 by rat (R ) , mouse

O 8 (M) , and hamster (H) kidney slices at

6 37°C. Each point represents triplicate
assays.

4

Incubation time, hrs.
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14o Figure 29. In vitro oxidation of C-0 14
2 UDM II  to CO 2 by rat (R ) , mouse

8 - (M ) , and hamster (H ) colon slices at
37°C. Each point represents triplicate

“P
u - assays.

Incubatio n ti me , hrs .

o’~ Figure 30. In vitro oxidation of

o 8 UDM II to 14C02 by rat (R) , mouse
(M ) , and ha mster (II )  lung slices at

6 37°C. Each point represents trip licate
assays.

0

0

o 2 -

N
-~~O 1 2 3 4

Incubation time , hrs.

Fro m these figu res it can be seen that mouse liver oxidizes U D M H  to CO 2 faster
tha n does rat or hamster liver , although the total oxidation over the 4-hour incubation
period is the same for rat , mouse , and hamster liver; this pattern in hepat ic metabol ism
of UI ) M H was also seen in a similar  study on M MII .  The mou se kidney oxidizes U D M H
faster than does rat or hamster kidney, as was also seen in t he M M II st udies . None
of the lung slices fro m any of the thr ee spec ies metaboli zed UD MH to CO 2 to an
appreciable extent. If indeed UPMH is carcinogenic to the mouse lung, as be l ieved
by Toth (1973), then the metaboli c activ ation of UD M U in mouse lung would seem not
to correlate with metabolic oxidation of U DM U to CO 2.
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l ,2—l)IMETL1Y LILY I)RAZIN F METABOLISM

The data so far available on the carcinogenicity of hydrazine , mono meth ylhy-
(Irazine , and I , l—d imethy lhy drnzine  lack definition; however , da ta omi the earcinog eni city
of 1 , 2—di met hy lhyd r az ine ( SDM1I ) in the colon , liver , and kidney are clear , and this
compound , SD MU , has been selected as a positive contro l in the current met h y la tio ni
stud n’s. At imi nistra tion of the strong carcinogen , Sl)M II . to rats results in met hy lat  ion
o f liver , colon , a nd kidney D NA but not lung, brain , or pa ncreas D N A  at the 06—p osition
of guanine and , in some cases, the 7— and 3—position s of adenine : in all tissues , whe ther
a target organ for carcinogeni eitv or not , S1)ltlll administration results in t h e formation
of 7—methylgunn ine in the I)NA. l’able 8 compares t h ese data with those obtained for
hydrazine , t l M h i , and U D M L L  tinder the same condit ions except for dose; fro m this
comparison it is clear that administration of M M h i or UI ’uMII to the rat results in l i t t le
I ) N A  methylation , even at the most accessible site , the 7—position of guanine. i lydr azine
adminis t rat ion does result in a small amount of liver DNA methylat ion but apparently

only at the 7—position of guanine. 7—Methylguanine in liver D N A  (Ices not appear to
be related to the careinogenicity of SDMII  or d imethvln i tros nm ine  or several other
carcinogens which are potent ial meth y lnting agents , and thus it is dif f icul t  to see at
this t ime how 7—meth vl gua ni nc formation in liver UN A of rats exposed to hy drazine
is related to the putat ive enreinogcnicitv of this compound.
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TABL E S

IN VIVO DNA M ETHYLATION IN RATS
TREATED WIT H HYDRAZ INE , MONO-
M E TH YL HYDR AZI N E (MMII ) ,  1.1-
D IME TH YL H YDR AZIN E (UDMH), AND
t ,2-DI METHY LH Y D RA Z INE (SDMH )

Meth y hat ed Purine s, umo les/mo he w~nine’
Dose D N A  -
(mg, kg 8W) Source Tsrget~ 7MG O b MG Others

Hydrszine $0 liver - 150-196 MI) NI)

30 liver - ND NI) NI)
60 lung - ND ND NI)

60 kidney - NI) ND Nt)

MMII iS liver - 5-21 NI) NI)
iS kidney - Nt) NI) ND
15 lung - ND NP ME)
iS b rern - NI) ND NI)
15 colon - NI) NI) ND

U DM H 6 liver (‘) ND N I) Nt )
6 ki~~ey - Nt ) ND NI)
$ lung - Nt) NP Nt )
6 colon - ND NP NP

SDMH 10 li ver (+1 17 1$ 332 NI )
10 colon • 103 36 NI)

10 kidney (~ h trsce I~ Nt )
160 liver (*1 2450 264 7M.\ 3M A
IsO colon * 548 55
160 ki~ iey (~) 101 I i  3MA
160 brsin - 148 ND NT )
160 hung - 57 Nt) NI)

160 pancreas - 50 NI) NI )

• targe t • orgen (re (erred to under DNA Soturce) in whi ch tumor is produced: ~~
weakly carcinogenIc to t h~ organ.

~ 7MG 7-methy lguenine : 06M0 0~’~methy Iguenine ; ~MA 7-methv iadcninc :
3MA 3-methyledenine.
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S U M M A R Y  AND CONCLUSIONS
Considerable advances have been made in developing new techniques to facilitate

the studies on the comparative metabolism of the propellant hydrazines. A high
pressure liquid chromatographic method to analyze DNA hydrolysates has been developed
and has limits of sensitivity as low as 85 umoles 7-methylguanine and 2 umoles
06-methylgunnine per mole guanine . At this sensitivity methy lation can be quantitated
in as little as 5 ug DNA , permitting analysis in a small organ (lung) from a single
animal , not possible usi ng radiolabe l techniques. 

-:

Levels of DNA methy lat ion in animals trea ted with the prope llant hydrazine have
been shown to be below these limits of detection , thus necessitating use of radiolabels
and analysis of large amounts of purified DNA. Conventional methods for
chromatographic analysis of such large amounts of DNA (10-100 mg) require the use
of inorganic mobile phases which present several problems in the measurement of
radioactivity. These problems have been circumvented by the development of a reverse
phase chromatographi c fractionation of DNA hydrolysates which is salt-free . Th is
permits ready analysis for 14

C and D II, and also facilitates derivatization of eluted
pyrimidines and purines , such as silylation for CC /MS analysis .

In fact 10 pyrimidines and purines have been silylated and their mass spectra
ob tained for use in confirmation of identification of abnormal bases in DNA. ~1nss
spec tra have been obta ined on silylated derivatives of a) the normal DNA pyrimidines ,
thymine , cytosine , and 5-methylcytosine , b) the RNA pyrimidine , u racil , which would
represent RNA contamination of the DNA , c) the normal DNA purines , guanirue and
adenine , and d) the abnormal alkylated purines , 7-methylguanine , 06-methylgu anine ,
06-ethylguanine , and N6-~methy Iadenine .

Fina l preparation has begun for the study of the fate of the nitrogen atoms of
hydrazine , monomethylhydrazine , and 1,1-dimethyihydrazine in relation to possible
adduct with DNA. DNA is isolated fro m animals treated with ‘5 N-labeled hyd r azines ,
digested to convert the nitrogen to ammonia which is then distilled into an excess of
ethy liodide to for m mono- , di-, and tr i-et hy lamine. The amines are identif ied and
quantit ated by GO /MS. If it can be shown that appreciable 15 N from the hydrazines
adducts with DNA , the studies will procede to anal yze DNA hydroly sates by high
pre ~~ure liquid chromatogra phy and CC/MS to determine with which pyrimidin es and
purine s the 15N is associated.
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Studies on the metabolism of hy drazine have continued.  The formation of
7—methy lgu anin e in liver DNA of rats and mice treated w i th hvdraz ine has been
confirmed and quanti t ated.  Methylation levels are at the limit of detection 1w the

optica l (fluorescence) technique and therefore r adiolahel experiments must be continued .
Tr itiated methion ine can be used in place of the 14 C-Iab e led amino acid , which will
reduce the expense of these studies . M eth y lat ion of DNA appears to he limit ed to

the 7-position of guanine ; 06-methy tguanine has been seen in liver DN A of hy dra zine—
poisoned mice but this resp onse is capricious. In the rat , 7—rnet h vlguanine forms rapidl y
which argues agains t the suggestion tha t hydrazine may first he methvlated to form

MMII  which then is converted to an active methy la t ing  agent. The rapid m ethy lat ion
of liver DNA in hydrazine-treat ed rats is comparable to the rate at which DN . -~ is

me thylated in hydrocort isone—tre ated rats. Studies are in p rogress to see if this DNA

methy lation is specific to hydrazine insult or if this is a non—sp ecific response to toxi ’~
liver injury.

Levels of DNA methylation following M M I I  treatment are low , below SO umoles
7—m ethv lguanine per mole guanine; this is less tha n that  reported earlier , which was
pro bably an overestimate. A double label experiment is in progress in which animals
have been given ‘4C- and ~h 1-MMH; if both isotopes indicate the same level of D N . -~
rnethy lation . future studies will use 3 11— MM II. UN A methylation following U l)~ l H ha s
not been de m onstrated.

Methylation of DN A by a strong carcinogen . SUMU. is much more extensive than
with MMII  (or UDM 10. Following SUM H adminis t r at ion ,  7—rnethlyguanine can be found

in Liver , kidoe~ , colon , lung, brain, and pancreas ta ll the tissues examined so far) and
other methylated bases are seen in the target organs , colon, live r , and kidney . MMII
administrat ion results in only 7—methy lgunn ine formation and tha t is l imi ted  to o u t
liver , not a target organ. Such limited alky lation is not expected if the mechanism

of action of MMII earcinog enieity is similar to tha t of SDMH.

Ear li er studies left some doubt as to whether MMII  and U D M U  were metabolized
at a ll in in vitro syste ms. We have now eon firmed that these compounds can he

metabolically oxidized to CO 2. that different species and different  tissues have different
rates of oxidation; generally MM11 is oxidized faster than U l ) M h l , tha t liver is faste r
than kidney which is faste r than colon and lung, and that mouse liver and k idney
oxidize M M I I  and U D M I I  rapidly relative to rates observed w i t h  rat and ha mster tissues.
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