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~ to the bases and the latter were separated by using HPLC. For MvH and
DM which were non-transformers of human cells, most of the binding was
found to be at the phosphodiester oxygens. The binding to the bases was
either low (DMH) or absent (MMH). It is hypothesized that the =2lkylation
of phosphodiesters might contribute to the toxicity of these chemicals
whereas the alkylation of bases, especially at the 0-6 position of guanine,
m&ght contribute to their carcinogenicity. Further investigations with
%JC-UDMH will, hopefully, substantiate this hypothesis and studies are in
progress towards this goalug
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Chemical and Molecular Biological Aspects of
Alkylhydrazine-induced Carcinogenesis in

Human Calls in Vitro

Introduction: .

Some carcinogenic alkylating agents such as the N-nitrosoursas
are direct-acting and do not require metabolic activation to exert
thair biological effects. However, many other compounds must be
metabolically activated within target tissues to exhibit mutageni-
city and/or carcinogenicity. The alkylhydrazines most likely be-
long to the lattar class of compounds, but nucleic acids also are
known to react with anhydrous hydrazine and monomethylhydrazine (MMH)
but not with phenylhydrazine.l-s Pyrimidine bases undergo reaction
with hydrazines leading to the formation of pyrazole derivatives and

N-alkyl-substituted ureas.

H
t i
B NNHR / ﬂ
+ H,N-C-NHR
41\\ R = H or CH3 N 2

R
X = 0, NH~-
R = sugar residue
R =H, CH,
Such reactions with nucleic acid basaes may account for the extensive
depolymaerization of the polynuclectide chain and hence the mutageni-
city of hydrazines, in analogy with proposals suggesting hydroxy-

lamines trigger mutagenic effects via similar reactions.6 The cause-

affect relationship between apyrimidination and carcinogenicity of
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hydrazines, howaver, has not been well studied.

Although hydrazinoiysis has been regarded as a pyrimidine-spe-
cific reaction, Hayes and Hayca-BaronA observed a slow attack of
adenine nucleotides by hydrazine hydrate at 90°C. The only degrada~

tion product identified was inorganic phosphate.A Adenine, guanine

and their related nucleosides, as well as guanine nucleotides, ware
not degraded under similar conditions.4 Differential loss of adenine
rasidues from ¢x 174 deoxyribonucleic acid on treatment with anhy=

drous hydrazine was observed by Sedat and Sinsheimer7 as wall as by

F
* .

Ellery and Symonl.8 In view of these observations, it is doubtful

that hydrazine, as wall as some mathylhydrazines, can be considered

[t

as truly pyrimidine-gpecific reagents. The modification of purine

" vt

as well as pyrimidine bases is thus of significance to this project.

s

B. Rasults and Discussion:

R

1. Metabolism Studies:

[F—

Conversion in vitro of various simple monoalkylhydrazines in-

cluding MMH to their paraut‘hydrocarbons in the presence of rat liver
microsomes was reported to require oxygen and a NADPH-regenerating g
gysten for maximum ac:ivity.9 Certain N-methylhydrazines including
MMH, DMH, and UDMH, were found to be oxidatively demethylated to

yield formaldehyde by rat liver microsomal preparations.lo Again,
oxygen and a NADPH-regenerating system were required for maximum ac-
tivity.lo Further studies revealed that the alkylhydrazine oxidase
activity was not dependent upon cytochrome P-450 and was not inducible
by prior treatment of rats with either phenobarbital or 3-methyl-

cholan:hrene.ll N-methylhydrazine demethylase activity, however, was




B

{nducible in rats and the induced activity appeared to be dependent

upon the P-430 content of the microsomes, Non-induced rats possessed
11

demethylase activity which did not appear to ba P-430 dependent.

It was concluded that thers are two enzyms systems prasent in rat

liver microsomes capable of demethylating mothylhydra:incl.ll

"{, To our knowledge, microsome-mediatad modification of macro-
molecules by methylhydrazines in vitro has not been investigated.
Although not unequivocal, it is widely believed that alkylation of

| biomacromolecules such as DNA or protains might play an important

12,13 Wea have devel-

role in the process of chemical carcinogenasis.
oped an in vitro rat liver microsome-mediated DNA mathylation system

in which DMH functioned as the mathylating agent. Control experiments

showed an absolute requirement for NADPH as wall as for microsomal
enzymes. The liver microsomes used in this study were obtained from
male Sprague-Dawley rats pretreated with phenobarbital. The incu-

bation medium for the in vitro methylation of the exogenocusly added

'?5 calf thymus DNA contained sodium phosphate buffer (pH=7.4), EDTA,

14

NADPH, MgClz and rat liver microsomal protein (S-9 mix) and = C-DMH

(sp. activity 6 mCi/mmol). After incubation at 37°¢C for 60 nin, DNA

aulie}
inta

é . and protein were separated and analyzed for radiocactivity. The ex-

i. periment was run in triplicate to obtain the average values. The

T P R ST AT S g

radloactivity found was 2900 dpm per mg of DNA and 11,800 dpm per mg

of protein. To quantify the methylated basas, DNA was hydrolyzed 4

with 0.1 M HCl at 37°C for 24 hrs. 3-Methyladenine, 7-methylguanine

and O-6é-methylguanine were added in nanogram quantities (a stock

T R T

solution containing the mixture of these bases in 0.0lN hydrochloric




P
P

POrRe.

acid was stable for saveral weeks when kept in the refrigerator) to
the hydrolysed DNA. The pH was adjusted to 3, and the mixture was
loaded onto a column of Sephadex G~10 (80 x 1.6 cm) and eluted with
ammonium formate buffer (0.05 M, pH=6.8) at 1 ml min'l. The optical
densicty (254 nm) was monitored via a flow cell and 4 ml fractions
were collected. Fractions 1l4-22 contained the apurinic acid; frac-
tions 34-37 contained the 3-mathyladenine (3-MeA); 57=70 contained
7-mathylguanine (7-MeG) followed by guanine (78-87), adenine (94-104)
and finally 6-O-methylguanine (6~OMeG) (120-140). The fractions
corresponding to each peak wera combined and evaporated to a final
volume of 1.5-2 ml. Biofluor (10-18 ml) was added and the mixture
was shaken and placed in the refrigerator. The resulting homogenous
solution was counted for radiocactivity. The counting efficiency was
75% and the cpm values were converted to <Jpm's. Table 1 illustrates
the extent of alkylation of the exogenously added calf thymus DNA
and the endogenous microsomal protein exprassed as disintegrations

per minute (dpm).

Table 1. Methylation of protein
and exogenously added DNA by 1,2-
DMH (19C) in the prasence of rat

liver S-9 mix and NADPH.

Expt, dpm/mg protein dpm/mg DNA
(1) 11,560 2875
(2) 12,100 } average 2960 } average
(3) 11,740 ) 11,800 2865 ) 2900

Table 2 illustrates the binding of léc-DMH to the bases of DNA as
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: g well as to the apurinic acid. It is clear that most of the radioc-
: activity (78.6% of the total activity per mg DNA) was associatad with
g ;. the apurinic acid whereas only 14.1% of the activity was obsarved as

methylated bases.

o it 4

8 Table 2. Binding of lc-mm

to bases and apurinic acid of
DNA :1 mii.

YA T T ey

x " Fractions Activity ¥ of total radioactiv-
25 (dpm) ity found in DNA
e ¥
¥ 1) Apurinic acid 2280 78.6
2) N=7-Methyl=-

, guanine 145 5.0
. 3) 3-Methylade-
3 aine and 1l- 200 6.9
: Mathyladenine
E 4) 6=0=-Methyl-

’ guanine 63 2.2

3
3
E

The ratio of 6=~0MeG to 7-MeG was 0.45.

Binding of Alkylhydrazines to Biomacromolacules in Human Fibroblast

Tissue Culture. ;

In addition to the rat liver microsome-mediated metabolism

=11 animal studies dealing with matabolic activa-

tion of DMH have been reported by many groups.la'l7 DMH has been

studies using DMH

shown to follow a metabolic pathway similar to that of dimethyl
nitroaoamino.ls The following scheme illustrates the oxidative

matabolism of DMH.

RO U orrmale e el e s e el tra e el RERASATH



il

AR

kit

T

il et AN

DM ~03 N e NeH, 0% i e NeCH, ——p
Py o 3 3
AOM
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0~ 190
MAM —sp l-carbon

pool

CH3OH _ Cﬂz « 0

Mutagenic and Methylation [O;\\\N

Carcinogenic e~ of macro- HCO.H

effects molecules 2
[0]1

co

2

The slsctrephile, methyl diazonium cation, may react with cellu-~
lar nucleophilus (DNA, RNA, Proteins) to yield methylated macromole-
cules or react with water to form mathanol which in turn may be oxi-
dized to tormaldehyde by alcohol dchydrogcnnu.la In the case of
radioactive DMH, the labaled formaldehyde is expected to enter the
one-carbon pool and incorporate into tissue constituants via normal
biosynthetic pathways. Alternatively, formaldehyde could be oxidized
to formic acid and then tu carbon dioxide. Thess processes have found
parallels in the metabolic activation of dialkylnitrouaminc-.lg

Metabolic activation of DMH in cultured human colon epithelia
and binding of the metabolites to both cell DNA and protain was re-
portad by Autrup at al.zo 1aC-DHH was shown to methylata DNA at both

the 0-6 and N-7 positions of guanine and at the N-3 position of ade-

nine. Also, de novo synthesis of adenine and guanine was observaed.

b=

Jhl s < 1o <

-+ o = Tyt b S




iornation of 1“C02 was observed but not quanticated. The ratio be-
tween methylation of C-6 gnd N-7 positions was 0.5. Also, consider-
able activity vas associated with the apurinic acid, but the axtent

2 have re-

of methylation was not measured. Studias by Milo et al.
vealed that in human fibroblast ‘¢ell cultures, Hz and UDMH induce

neoplastis tranaformation, whereas MMH and DMH only elicited cellular

PRSI A I T e N T

toxicity. Also, Hz and UDMH serve as cocarcinogens in the FeSV-in-

dubid transformation aysten,

To undarstand differences in toxicity or carcinogenicity relative
to binding profiles cellular binding studies wera undertaken in these
laboratories using radicactive alkylhydrazines. We anticipate that

thege studies using the humen fibroblast cell system would compliment

e T

studies with human colon epithelial caealls carried cut by Autrup et

‘1020

T

The binding levels of IAC—DMH to both DNA and protein in human

Rillos it Lasl i ol

fibroblast cells are shown in Table 3. Table 4 gives details of the

methylation pattern of the bases in DNA.

Table 3. Binding Datas for

C~-DMH to Cell DNA and
Protein in Human Fibroblast
Cell Culture.

DNA PROTEIN g
Radioactivity Picomoles of Radloactivity per FPicomoles of :
Expt. per mg DNA DMH bound per mg protein DMH bound per
dpm mg DNA dpm nmg protein
1 35,750 2684 8350 627 *
2 34,960 2625 8438 634
3 34,470 2588 8410 631 _
Avg. 35,060 :690% 2632 £52 8399 149 631 %4 %

‘Stnndnrd deviation

2 fuind Bt Mt it < 1

7
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i Table 4. Binding of ‘*-Dvu
to the Purine Bases of DNA 3
and to Apurinic Acid.a =

. Fractions Radiocactivity Picomoles DMH bound

i“ dpm to each fraction ;

i apuriaic Acid 10,300 £510° 2275 +38° :

{ N-7-Methylguanine 940 z12 71 £2 é

i' O~6-Methylguanine 477 7 36 1 é |
Mathyladenines E

i (3- and 1-) 1,000 15 75 2 1

,’ Adenine 898 +13 67 +2 E

} Guanine 884 12 66 *2 :

IR T

8Each number is an average of 3 values. bStandard deviation.

e——

é In addition to measurement of radicactivity associated with DNA
and protein, we were able to trap the CO2 liberated from the incuba-
tion mixture using hyamine hydroxide solution. For each experiment,
using 20 umol of lAC-DMH (specific activity 6 mCi per mmol), the

liberated CO, had an activity of 8,463,280 dpm which amounted to 635

2
nmol of CO,. Thus, the radicactivity found in the unmethylated bases

2
(adenine and guanine) likely reflect incorporation of 14C from the
l-carbon pool.

Thare are some significant differences as well as similarities

between our binding data (using human fibroblasts cells) and data
reported using human colon epitholia.zo The absolute amount of DMH
bound to DNA was approximately 100-fold higher in our studies when

compared to those using epithelial colls.20 Binding to protein was

R T T TP Uy T3 I¥- St
ol Ol AT AL AR et e RN T
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only lower by a factor of 3-10, when compared to the published data
using colon epithelial cells.20 Regarding methylation of bases,
methylation at the N-7 and 0-6 positions of guanine was nearly iden-
tical in both studies. The ratio of 0-6 to N~7 methylation was 0.507

in our study and 0.500 in the reported study with epithelial cells.zo’22
The amount of methylation at the 3- and l-positions of adenine [3-
Methyl and l-Methyladenines could not be separated using Sephadex
G-10 column chromatography, but could be separated using a Partisil
PXS 10/25 SCX HPLC column (see Materials and Methods Section)] was
markedly increased when compared to Autrup's studfzo (1000 dpm vs 178
dpm). Similarly, the extent of incorporation of 14C-DMH metabolites
into purine rings of nucleic acids by de novo synthesis was higher

in our system than in the colon epithelia cell system (adenine, 898

vs 241 dpm; guanine, 884 vs 222 dpm). Another major difference in
these two studies lies in the percent activity found in the bases
relative to DNA. In our studies, the total activity of the bases
accounted for 12.0% of the DNA radiocactivity prior hydrolysis, whereas
in the case of epithelial cells the bases accounted for 32.8% of the

DNA radioactivity.zo Most of the activity of DNA (86.4%) resided in

Table 5. Binding Data for
1ac-MMH to Cell DNA and
Protein in Human Fibroblast
Cell Culture.

DNA PROTEIN
Radiocactivity Picomoles of

Radiocactivity per Picomoles of

Expt. per mg DNA MMH bound per mg protein DMH bound per
dpm mg DNA dpm mg protein
1 15,860 121 2100 16

2 14,650 112 2650 20

15,255 615 116.5 %4.5 2375 £275 18 *2

b
Ittt A 0 :ij
e 2
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Table 6. Binding of lac-MMH
to the Purine Bases of DNA

and to Apurinic Acid.2

Fractions .Radio;;;ivity Pig::oi::hogrzgfigzund
Apurinic Acid 8,420 £120° 64 22
Guanine 3,250 £52 25 *1
Adenine 3,100 =50 24 %1

8Each determination is an average of two values, bStandard deviation.

the apurinic acid fraction which consisted i phosphotriesters and
pyrimidine oligonucleotides. Singer?> observed high alkylation (70%
of total DNA radioactivity) of the phosphodiesters resulting from al-
kylation in vitro of Hela cell DNA by ethylnitrosourea, a potent car=-
cinogen that does not need mestabolic activation to exert its activityv.

The significance of the formation of large amounts of phosphotri-
esters in relation to mutagenesis or carcinogenesis is not clear. It
may be that alkylation of phosphodiesters of DNA contributes to the
cellular toxicity of the parent chemical tested. This hypothesis is
in accord with the findings of Milo et al.21 showing that DMH and MMH
elicit only cellular toxicity, but not transformation in the fibro-
blast cell system.

Tables 5 and 6 deal with the binding data for lac-MMH in human

fibroblast cells. In general, the binding levels for MMH were lower
than those for DMH. The amount of CO, liberated per umol of MMH used j

was only 247 pmol and this was 129 times less than the amount of CO2

[N

Py
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liberated per umol of DMH.

the apurinic acid and in the purine bases formed via de nova synthesis.

Thare was no detecﬁable amount of methylated bases present in the DNA

hydrolysate.

Nearly all the activity in DNA resided in

Table 7 provides data regarding the toxicity, transformation

potentials and the tumor-incidence by various hydrazines and some of
their metabolites.,
cells in the human fibroblast system but its metabolite, methylazoxy-
methanol acetate (MAMA), proved to be a potent transformer as well as
a carcinogen. The obvious conclusion is that the human cell culture

used in our study did not provide enzymes capable of metabolizing DMH

It must be pointed out that DMH did not transform

to the critical intermediates necessary for cell transformation.

Table 7. Toxicity, Transformation Potential, and
Tumor Incidenca Data for Hydrazine, Methylhydrazines

their Presumed Metabolites, and Phenylhydrazine.

Boluses Tumor
Compound E.D. 30 Freguenqya Incidence
Hydrazine 35 ug/ml 9.2 4/8
UDMH Negative at
' 100 nug/ml 5.1 4/8
DMH Negative at
100 pg/ml Nezative ———
MMH 62 ug/ml Negative —_—
AOM Negative at
100 ug/ml Not tested —
MAMA 3.6 ug/ml 900 2/16°
Tetrazine 50 ug/ml Positive. No
data yet. —
Phenylhydrazine 16 ug/ml Negative —_—

b5 x 10

6

ages of the animals were not the same as those of the mice used for
Hence, the tumor incidence data for MAMA is not com-~
parable to those of UDMH and Hz.

UDMH and Hz.

SNumber of boluses per 100,000 cells seeded into 0.33% agar.

cells were injected S.C. into nude mice.
within 2-4 weeks.

Tumors developed

Some animals died during the expt. Also, the

Pk,

e 1 twpating b HBET b0 14
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C. Conclusion:

In our attempts .to correlate toxicity and/or carcinogenicity
of methylhydrazines with alkylation of the phosphodiesters and/or
the purine bases, we have carried out the analysis of the alkylated
DNA-hydrolysate. For the non-transforming (in human fibroblast cells)
nethylhydrazines (MMH and DMH) methylation of purine bases were ab-
sent or low, respectively. Howevér, there was considerable binding
to the phosphodiester oxygens. The latter event may be related to

cell toxicity, whereas the DNA-alkylation of base may be related to

the transformation event. Further investigations planned using UDMH

should énablg us to provide information concerning this proposal since ‘ 1

UDMH does transform the human f£ibroblast cell line.
D. Materials and Methods:

l. Chemicals:
14

C-DMH (specific activity, 6mCi per mmol) was purchased from
New England Nuclear (Boston, Ma.) and the unlabeled methylhydrazines,
MMH, UDMH, and DMH weré purchased from Aldrich (Milwaukee, Wis.) and

distilled prior to use. The purities of the samples were routinely

checked by the TLC as described by Fiala and Weisburger.z4 Calf
thymus DNA, pronase, and ribonuclease A were obtained from Sigma (St.
Louis, Mo.). Ribonuclease was preheated at 80°C for 30 min in 0.1

x SSC buffer (0.15 M sodium chloride, 0.015 M sodium citrate, pH 7.0)
and refrigerated prior to use. 7-Methylguanine, 3~ and l-methylade- : ?
nines, guanine and adenine were purchased from either Sigma or Vega ? ;
(Tucson, Az.). O-6-Methylguanine was synthesized according to a pro-

25

cedure described by Balsingar and Montgomery. The presumed metabolites

-] iiib Gup pumg pewy e ey o Py




azoxymethane (AOM) and methylazoxymethancl (acetate form) (MAMA) were

purchased from Sigma Chemical Co. Tetramethyl-2-tatrazene was syn-—

26

thesizad by HgO oxidation of UDMH. The experimental methodology -

£ 14

for synthesis o C-MMH is described later in this raport.

W TS W W

Rat liver $S~9 fractions were obtained from phenobarbital-pre-

treated (ip dose of 100 mg per Kg body weight per day, 4 days) male

Sprague Dawley rats. The animals were killed by decapitation, the

-

livers were removed and homogenized with 20 ml ice~cold potassium

chloride. After cantrifuging the homogenate at 9,000 x g for 60 min,

 sowery B

the supernatant S-9 mix was removed and stored at -70%¢.

vt

2. Instruments:

candedil 1R M o

Laboratory Data Control (LDC) chromatography accessory module

[E containing LDC gradient master, coustametric pumps, spectromonitor %

I{ III and equipped with Whatman Partisil PXS 10/25 SCX Column (length %

. 25 ¢m; diameter 4.6 mm) and a Whatman Precolumm were employed for |

[} high pressure liquid chromatography (hplc) purposes. The columm was

. eluted with 0.2 M sodium phosphate buffer (pH 3.0) at a flow rate of

é[$ 0.64 ml min-l. The detector wavelength was set at 280 nm. The re-

%l% tention times of the basas and apurinic acid are as follows: Apurinic

é : Acid, 3.7 min; Guanine, 7.8 min; Adenine, 14.4 min; 7-Methylguanine,

;[3 18 min; l-Methyladenine, 29 min; Q-6é-Methylguanine, 35 min; and 3- :

? : Mathyladenine, 50 min. The fractions were collected every two min- %

élj utes and mixed with scintillation cocktail (Biofluor, New England 2 i
1} Nuclear) (10-=15 ml) and cooled to obtain a clear solution whose ra- %‘ ?
: dioactivity was measured. The counting efficiency was 75% as deter=- 3 ’
;lI mined by extaernal standard calibration methodology. é é
3 ' : 3
Ul |
1
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Rat liver microsome-mediated in vitro binding of 14C-DMH to exogen=-

ous DNA and endogenous microsomal proteins.

The reaction system (incubation mixture) contained calf thymus

DNA (2 mg), EDTA (150 umol), magnesium chloride (2 umol), NADPH (3
mg, Sigma), sodium phosphate buffer (pH 7.4, 0.1 M, 1.5 ml), micro=-

somal protein (7.5 mg), and 14

C-DMH (0.51 umol, spec. act. 6 mCi/mmol).
Incubation was carried out at 37°C for 60 min. Three ml of Kirby's
phenol reagent (75 ml m-cresol; 0.5g 8-hydroxyquinoline, and 600g of
phenol in 55 ml water) was added, vortexed for 5 min, and centrifuged
at 10,000 x g for 30 min. The upper layer was removed by pipet and
the phenol layer was extractaed with 4 ml of sodium phosphate buffer
(vortex and centrifuge). The top layer was removed and to the pooled
aqueous layers was added absolute ethanol (20 ml). After standing in
the refrigerator overnight, the precipitated DNA was centrifuged
(10,000 x g; 20 min) and the pellet was washed with ethanol (2 x 10
ml) and ether (2 x 10 ml). The pellet was dried under~N2, redissolved
in 3 ml of 0.1 x SSC buffer (0.1l5 M sodium chloride, 0.015 M sodium
citrate, pH 7.0), and treated with preheated ribonuclease (150 ug)
for 30 min at 37°C. After subsequent treatment with pronase (70 ug)
for 60 min at 37°C the DNA was isolated using one extraction with
Kirby's phenol (3 ml). The extract was treated with ethanol (20 ml)
and DNA. The pellet (ppt) was disgsolved in double-distilled water
(1 ml). Aliquots of this solution were taken for DNA analysis and
radiocactivity measurements.

The initial phenol layer was mixed with 10 ml of ethanol aund the

precipitated proteins were chilled at 0°C for 48 hr, centrifuged at




’ i 10,000 x g for 20 min, washed with ethanol (10 ml) and ether (2 x

10 ml), dried by blowing N, and disgsolved in 10 ml of O.1N NaOH solu=-

2
tion. Aliquots of the solution ware used for the Bio-Rad assay of

t protein and for measurement of radiocactivity.

General Methodology for the Treatment of Human Fibroblast Cells with
;f Radioactive Methylhydrazines. Biochemical Analysis of the Treated

Cells.

SOPTRRTIRITRT €30 5T e, T e St e R

Human neocnatal foréskin fibroblasts were grown in minimal essen-

T T T
.

L tial medium (Eagle's) - 25.0 mm HEPES, pH 7.2, containing 2.0 mm

glutamine, 1lx non-essential amino acids, lx sodium pyruvate, 0.5 ug

i i b an e i
.

per ml gentamicin, 25 mm sodium bicarbonate, and 10% fetal bovine

28 serum (FBS). The cells were routinely passaged 1 to 10 in this me-

dium, seeded into 150 mm tissue culture dishes and placed in a 4%

COZ’ high humidity incubator. When at a 70-80Z% confluent density,
f% ' the cells (PDL < 10) were treated with the radioactive methylhydrazine

(DMH or MMH) in 10 ml of the above medium but with 2% FBS. After

24 hrs, the treated medium was removed, the cells washed with incom;
plete medium (minus FBS) and harvested by scraping with a rubber
policaman. After pelleting by centrifugation, the cells were frozen
in liquid nitrogen and stored at -20°¢ until the biochemical analysis
was carried out.

To the total cell lysate in a 50 ml Sorvall tube was added 4 ml

of the 0.1 x SSC buffer, 400 ul of 10%¥ SDS solution and 3 ml of Kirby's

phenol. The mixture was vigorously vortexed for 5 min and centrifuged

at 10,000 x g for 30 min. The aqueous layer was carefully removed

wodkin, 1

by pipet and the phenol layer was extracted with 4 ml of 0.1 x SSC

it

:
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buffer (vortax and centrifuge). The aqueous layer was used for the
precipitation and purification of DNA and the phenol layer was used
for the precipitation and purification of proteins as described in
the microsome-mediated alkylation experiment. Protein analysis was
carried out by Bio-Rad assay and the DNA aasa& was carried out by the

UV absorptions at 260 and 280 nm according to the following equation:

A260"%280

ugDNA/ml = R

The DNA solution in water was adjusted to pH 1 by the addition of 1N
HC1 and heated at 70°C for 30 min. Methylated bases were added and
the mixture was analyzed either by Sephadex G~10 column or prefarably

by HPLC as described in an earlier section.

i
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E. Synthetic Methodology

Synthetic efforts during the last several months have focused pri-

marily on the synthesis of radiolabelled lac-dimnthylhydrazincu.

The labelling synthaesis, (while seamingly elementary) has inherent limit-

i ations owing to the very small quantity (20 ul) of labelled starting
material involved. Moreovar, both isomers (i.e., 1l,l-dimethyl- and 1,

[ 2-dimethylhydrazine) have similar physical properties and are not easily

separated into bute entities. Absolutely pure materials are required

T ™ T SN G L[ e e e e s e

{ for our biological studies.

Praliminary experiments were also performed for the synthesis of

ST

certain metabolites. Presliminary cold runs have been worked out and
E-gl radiolabellad synthesis for azoxymethane and azomethane are planned for the

future.

1. Monomethylhydrazine: (Tris)-trimethylsilyl hydrazine was utilized

as starting material, and was prepared according to procedures published by
Wannagat and Co-worker.271he tris (trimethylsilyl)hydrazine anion was

generated in situ using n-Buli in Etzo and allowed to undergo reaction

with *C331 yielding monomethylhydrazinehydrochloride following acidic

hydrolysis. Experimental details were provided in ocur previous report.

To be certain that MMH was not contaminated by any other radiochemical,

analytic TLC of the radiolabeled sample was carried out along with

chromatography of authentic cold MMH.HCl. After chromatographic develop-~

ment, the plate was sprayed with Folin-Ciocalteau reagent which afforded
a blue color at the site of the cold MMH spot. The corresponding radio-
labelled area was scraped off and counted. The areas corresponding

to dimethylhydrazine were also scraped off and checked for possible contamination.
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Solvent front

DMH
UDMH

Hydrazine

Origin

2. Dimethylhydrazines: Sinc.*CHSI is the only available ra-
diolabelled starting material of high specific activity, the synthetic
scheme has to ba adjusted according to this availability.

As mentioned in our previous report, dimethylamine might rep-
reusent another possible starting radiochemical for the synthesis of
UDMH according to the following scheme. However, commercially avail-

able dimethylamine has only a rather low specific activity (5-10

nci/um) .
HaCl HaCo NH HaCn
3 3
NN 4 S0yl OSNS0,01 —— “SNso N,
H4C e /
HyC HqC

HaCl.
HOCL 3 DNNH,

H,C

3
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Another route may utilize Ne-nitrosomethylamine (not commercially

140331. This route likely has no ad-

vantages over the silylhydrazine route described subsequently. This

available) in reaction with

methodology would only yield UDMH after hydrogenation and a second
scheme would have to be devisad tét the preparation of DMH of high
specific activity. Furthermore, DMH of high specific activicy

which in turn will serve as radiolabelled starting material for Azo-

or Azoxymethane and MAMA-metabolites. The following synthetic strategy

are being used to prapare radiolabelled DMH and UDMH.

pin - r
284\ ’Si\\NN-z )
N2 e
wst” asi
+ : +
+ nBuli -> . 411
2SiNHNHSig 8Si-N-N-Sis
- -J - -
bod *
. wsy__CH as{_“cou, N
20Ul W . W Hy0
sst/ cm, H3°/ §ig ——>
]
. ¢l ¢l cl
+ . o+
Ny - NH, + HyC™~FH N#-CH,
/H 3
]

sp. activity ~ 100 mCi/mmole
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Advantages associated with this scheme include: (1) Bissilyl-
hydrazines are stable nonvolatile starting meterials, and (2) A
50/50 mixture of radiolabeled DMH and UDMH are obtained; both
compounds ars usaful to this research. Modification of the original
solvent system from (65:15:30) i-Propanol:HCl:water to (75:17.5:7.3)
allows for separation of DMH and UDMH on an analytical TLC plate.
Preparatively, this solvent system fails to separate the mixturas.
Further work is in progress to resolve this problem. HPLC may be
amployed, but also has disadvantages. Fialaza reported that DMH
binds to HPLC columns strongly and can only be eluted with acidic
solvent (0.05M acetic acid). Moreover, after separation, one
must remove large amounts of acetic acid from small quancities (3-4 mg)
of hydrazine salts.

Separation based on chemical derivatization seems to us to be
the better choice., UDMH forms hydrazones with a variety of al-
dehydes in >95% yield. These l,l-dimethylhydrazones can be ex-
changed with hydrazine to form hydrazine-hydrazone and free UDMH.
When p-nitrobenzaldehyde underwent reaction with UDMH:HCl in ethancl,
UDMH hydrazone was obtained after ~ 15 minutes at RT. The yield
of solid hydrazone was ~“98% and could easily be separated from
liquid. The exhange reaction with hydrazine procesded smoothly
at RT and solid hydrazine-hydrazone was formei from which 1,1=-
dimethylhydrazine and unreacted hydrazine were removed by dis~
tilation. Since the axchanga reaction proceeds in only 502 yield,

we are currently investigating utilization of benzaldehyde which

-20-

X

T e

o

Y

i od

5
B
i




is also reportad to form hydrazones with UDMH in greater than 9502
yiald. No problem is anticipated when separacting UDMH from
unreactad hydrazine by preparative TLC since these two subst:—ances
are easily resolved.

3. Synthesis of Metabolites: The proposed mechanism of me-
tabolism for DMH involves formation of AM, AOM, MAM and possible
hydrolysis to methyldiazonium alkylating species. Thus, we are
presently oxidizingZQDMH (free base) using yellow HgClz. Azomethane
gas formed is trapped in m-chloroperbenzoic acid/ether solution at
-78%. This reagent oxidizes the azomethane to azoxym?chane
(1iquid, bp. 98°C) which in turn was isolated or may serve as
starting material for the acetate derivative MAMA (a potent transforming
agent).

Use of radiolabeled DMH is anticipated to yleld desired radiolabeled

metabolites required for biological studies.

((e————> N_=out

J
C{_L—-“’ P S

m-chloroperbenzoic Acid/ether

solution at -40°C
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