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The history and development of antitumour agents which 
require N-methyl moieties for optimum activity is 
Teviewed. Their metabolism as well as the biological 
and chemical reactivity of their metabolites is discussed 
together with hypotheses concerning their mechanism of 
antineoplastic action. 

Analogues of the antitumour agent hexamethylmelamine [HMM; 
2,4,6-tris(dimethylamino)-s-triazine ] were synthesized and 
characterised including a series of novel 3-aryl-s-triazolo 
[4,3-a]-1,3,5-triazines and 2-aryl-s-triazolol2,3-al -1,3,5- 
triazines whose spectroscopic properties were investigated. 

The chemosensitivity of the M5076 reticulum cell sarcoma 
in the mouse was examined and the analogues of HMM assayed 
against this murine tumour system. The in vitro cytotoxicity 
of these compounds against PC6 plasmacytoma cells was shown 
to correlate with the extent to which they were metabolized 
in vitro while their in vivo antitumour activity was shown to 
correlate with their in vivo biotransformation to formaldehyde 
precursors. These results suggest that for an analogue of 
HMM to possess antitumour activity it must readily undergo 
oxidative metabolism of the N-methyl group in vivo. 

N-Methylformamide (NMF), another N-methyl containing 
antitumour agent, was shown to be active against the M5076 
sarcoma and Sarcoma 180 models. A structure-activity study 
demonstrated the requirements of both its farmyl and 
N-methyl moieties for optimal antitumour activity. The 
drug was shown to possess hepatotoxic potential but was not 
myelosuppressive in mice. Combinations of NMF with either 
cyclophosphamide or HMM were investigated. The combination 
of NMF with cyclophosphamide elicited an improved antitumour 
Tesponse against the M5076 sarcoma in mice compared to that 
obtained with the single agents, while neither the 
hepatotoxicity caused by NMF nor the myelosuppression caused 
by cyclophosphamide were exacerbated. 
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CHAPTER 1 The role of the N-methylamino group in cancer 
  

chemotherapy 

Ast Introduction 

Since the advent of modern cancer chemotherapy in 1942, with 

the first clinical trial of nitrogen mustard in a patient 

with lymphosarcoma’, it has been recognised that the presence 

of certain chemical moieties within a structure may confer 

antitumour properties to that compound. Notable amongst these 

are the N,N-bis(2-chloroethyl)amino (1) and aziridinyl (2) 

functionalities. 

AH2CHSCl Hs 
Sane NI 

CHACH,Ct CH, 

(1) (2) 

Representative of clinically employed agents containing the 

former include nitrogen mustard (3), melphalan (4), 

cyclophosphamide (5) and chlorambucil (6); and of the latter, 

triethylenemelamine (7) and triethylenethiophosphoramide (8). 

Recently the presence of an N-methylamino group (9) within a 

number of structures has been recognised to be of crucial 

importance for their antitumour activity.-’> 
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Replacement of this group renders the compounds inactive 

and thus it may represent a new antitumour micro-moiety. 

Agents of this type include the following; procarbazine (10), 

5-(3,3-dimethyltriazen-l-yl)imidazole-4-carboxamide (DTIC;11), 

hexamethylmelamine (12) and N-methylformamide (13). 

The mechanisms of action of all of these compounds are 

unknown and therefore it is not possible to say whether the 

mechanistic reason for the requirement of the N-methyl group 

is the same in all cases. 

This thesis is concerned with the chemistry, antitumour 

activity and mode of action of two of these agents, 

hexamethylmelamine (12) and N-methylformamide (13). Since 

certain features of the biochemistry and biology of the 

N-methylamino group within the other structures (10,11) are 

of relevance to an understanding of how these two agents 

might act, they will first be reviewed. 

Meeie Procarbazine 

In 1963, a search for derivatives of 1l-methyl-2- 

benzylhydrazine (14) with antitumour activity led to the 

discovery of eee cin), Procarbazine [1-methyl- 

2-(4-isopropylcarbamoyl)benzylhydrazine hydrochloride] has 

found clinical use mainly in the treatment of Hodgkin's 

disease 19 but it is also 

CH; of benefit in the treatment 

N-NH-CH . 44 
a 2 of non-Hodgkin's lymphomas , 

H 

(14) small cell carcinoma of the
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lung?*malignant melanoma’? |?, and glioblastomas ‘*. It is 

now mast commonly employed as a component of either the 

mopp 19 or cvpp 16 combinations. 

The mechanism of action of the compound is unknown and its 

metabolism complex. Studies by Weinkam et ml? and others (8-26 

indicate at least five pathways by which the drug may be 

metabolised in vivo, pathways which lead to chemical inacti- 

vation, alkylation reactions and free radical formation 

(scheme 1.1). It is unknown which of the many species is 

(or are) responsible for antitumour activity. What is clear, 

and moreover was demonstrated soon after the discovery of 

the drug, is the absolute requirement of the methylhydrazino 

group for antitumour activity. Replacing the methyl with a 

4,27,20 4,20 H atom or ethyl’ group renders the molecule 

biologically inactive. 

Labelling the N-methyl group with hag has allowed elucidation 

of its metabolic Fate 128,29. Expiration by rats treated 

with "cH,-labelled procarbazine has indicated both Mpa, A iaesae 

23,33,34 23,34 and CH, formation ina cO,/CH, ratio of about 2. 

About 25% of the administered radioactivity is expired?” and 

this is of the same order of magnitude as the amount of 

4-isopropylcarbamoylbenzoic acid (15) (the final ring-containing 

metabolite) produced. 

The rate of co, production was enhanced by the pretreatment 

of rats with phenobarbitone or 3-methylcholanthrene 2? 22129 
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and markedly lowered by SKF 525ace, all known modifiers 

of oxidative microsomal enzymes; this implies involvement 

of cytochrome P4&50 enzymes in the rate determining metabolic 

steps. Kreis an has demonstrated, using tritiated ie 

methyl labelled procarbazine, that the intact methyl group 

can transmethylate tRNA bases, pricipally methylating the N(7) 

position of guanine and has suggested that this might play a 

role in the carcinostatic and carcinogenic activity of the 

drug. 

Metabolic activation appears to be a requirement both for the 

cytotoxicity© and mutagenicity” of procarbazine and it has 

been suggested that the alkylating species produced might be 

responsible for the antitumour activity of the drug. If this 

is so, then it is difficult to explain the inactivity of the 

N-ethyl analogue since it is likely that many of the haomo- 

logous species would be evolved during its metabolism. 

Qualitative differences however may exist between the two 

respective metabolic routes such as a crucial pathway that 

is open to one and not the other alkyl substrate. Alternat- 

ively quantitative differences may be important such as in 

the relative reaction rates and differing stabilites of 

metabolites. The metabolism of the N-ethyl analogue has not 

yet been reported and until so the reasons for its inactivity 

can only remain conjectural. 

1.3 Triazenes 

The role of the N-methyl group within the triazene structure 

has been under discussion for several years. Whereas some 

aia



authors have described its presence as an ‘absolute 

reguirement! for activity©, others have questioned the 

need for it at alle? The arguments are reviewed in the 

following pages. 

In 1961, Shealy et alo reported the synthesis of 5- 

diazoimidazole-4-carboxamide (16) from 5-aminoimidazole- 

4-carboxamide and its potential antitumour activity. Due 

to its instability in aqueous solutions, di- and mono- 

substituted derivatives were tested and 5-(3,3-dimethyltriazen- 

l-yl)imidazole-4-carboxamide (DIC,DTIC:11) was selected for 

414 x 
clinical trial. 

R Soe R 

(17) 

  

It has since demonstrated objective clinical activity against 

malignant melanoma. 272 Several years previously in 1955, 

3,3-dimethyl-l-phenyltriazene (17; R=CH5) was shown by Clarke 

a2 Within the same report, et al. to inhibit the Sarcoma 180. 

the diethyl analogue (17; R=C5He) was reported to be inactive. 

Thus as with procarbazine the preference af the N-methyl group 

Over that of the N-ethyl group was observed at a very early 

stage of research into the triazenes. 

A vast number af triazenes have now been synthesized and 

tested for antitumour activity. Wilman et al. have suggested 

that the basic structure for activity may be summarized as 

in (18).29 

=Bs



oan. 
RS SN 

(18) 

where R = aryl or heteroaryl group ('carrier group') 

R‘= a group more susceptible to metabolism than 

the N-methyl group 

Although this structure-activity relationship appears to 

be true in the case of studies with the TLX5 Lymphoma>0-9% 

and is also valid for most compounds tested on the L1210 

and P388 murine leukaemias, there are important exceptions. 

Firstly 2-haloalkyl groups may replace the N-methyl group, 

thus compounds such as (19) are active.-??>* 

JAH CHSX 
R-N=N-NC, 2 2 

¢19) 

where X = Cl, F 

R = aryl or heteroaryl group 

R' =H, alkyl or 2-haloalkyl group 

It is not known whether these compounds work through mech- 

anisms analogous to the methyltriazenes or not. 

Secondly the National Cancer Institute (N.C.I.) have 

reported several compounds, which, although containing no



methyl group, still retain weak but significant activity 

against the L1210 leukaemia e.g. (20) and (ayes 

Li 
ir a 2 HN 

C,H aes C,H 
\ye enn 25 N=N—NZ & 9 

NCH q ‘CH 2°5 H 4M9 

(20) (22) 

More recently a l-aryl-3-ethyltriazene (22) has been 

reported to be active against the P3688 leukaemia.” It is 

however inactive towards the TLX5 lymphoma. 

C5H 
{ \ NEN-NZ 25 

(22) 

A great deal of variety within the carrying structure R in 

(18) is permitted. Shealy>> has demonstrated using the 

L1210 leukaemia that several heteroaryl groups are possible 

for R without ensuing loss of activity, including the 

following (23) - (26). 

ins
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x —~ 5 yy | x ¢é ) X Uj g N 

MS x 
N \ N Y ¥ N 
H H 

(23) (24) (25) (26) 

where X = CONH, e.t.c. 
2 

Y= -N=N-NCCH3)5 

Alternatively a substituted phenyl group (27) may be 

inserted for Rin(18). Connors et al. have shown that 

varying the aromatic substituent (X) in (27:R=CH,), i.e. 

by using electron-withdrawing 

x or electron-donating groups in 

R the o-,m- or p- positions, does 

meet NR 
N=N—-N not greatly affect the anti- rH y 

3 
tumour properties of the molecule 

(27) 52 
against the TLX5 lymphoma. 

Although this moiety of the 

structure appears relatively unimportant it will determine 

the stability of the intact molecule and its subsequent 

metabolic and pharmocokinetic profile. 

In 1976, Connors et al. proposed that for a 1l-phenyl-3,3- 

dialkyltriazene to be active it should undergo metabolism to 

-ll-e



a l-phenyl-3-methyltriazene (27:R=H) thus implying that 

the compound should initially contain at least one N-methyl 

group.°* In addition the group R should be susceptible to 

metabolism before the methyl group. His hypothesis was 

based on the following observations: 

i) compounds containing a group R which is prefer- 

entially dealkylated before the methyl group 

(e.g. R=ethyl or propyl) produce monomethyltriazenes 

in vitro and are active in vivo against the TLX5 

lymphoma. 

ii) compounds containing a group R which cannot be 

dealkylated (e.g. R=t-butyl) do not produce 

monomethyltriazenes in vitro and are inactive in 

vivo. 
iii) compounds containing no methyl group are inactive 

in vivo although they often undergo efficient 

dealkylation in vitro (e.g. 1-phenyl-3,3- 

diethyltriazene or 1l-phenyl-3,3-diisopropyltriazene). 

Further evidence supporting the hypothesis that the 

monomethyltriazene might be the active metabolite comes from 

a@ comparison of the cytotoxicites of a l-aryl-3,3- 

dimethyltriazene ('dimethyltriazene') (28) with its corres- 

ponding monomethyl derivative against TLX5 lymphoma cells in 

vitro.>* Whereas the dimethyltriazene is non-toxic per se, 

activation with liver microsomes, cofactors and oxygenation 

Produces a ten-fold increase in toxicity. On the other hand, 

=12=



the monomethyltriazene is 

toxic without activation and 

a Perea real bean Seles Hee. HoN-C N=N—N incubation with liver micro 

3 somes renders it less cytotoxic 

(28) to these cells. The conclusion 

is that the dimethyltriazene 

can be activated by liver supernatant to the monomethyltriazene 

but further metabolism results in deactivation. Since the 

monomethyltriazene is presumably the most cytotoxic species 

in the system, then it is assumed to be the most likely 

‘active metabolite'. However these experiments cannot take 

into account the differing stabilities and transport abilites 

of the various species since it is the level of the drug at 

the tumour site and not just relative cytotoxicity that will 

determine antitumour activity in vivo. 

Horton et al. have demonstrated with several dimethyltriazenes 

Cams Rel; X=4-cyano, 4-nitro, 4-acetyl) that the amounts of 

their respective monomethyltriazenes generated upon microsomal 

activation in vitro were insufficient to account for the 

observed cytotoxicity to TLX5 cells;>” this suggests another 

species is probably responsible for antitumour activity. 

This important requirement for the N-methyl group in most 

cases is very difficult to explain. One hypothesis for the 

mechanism of antitumour action of the dimethyltriazenes is 

58 38 
through their ability to alkylate DNA. Gescher et al. 

aise



have pointed out that this parallels the proposed mechanism 

by which triazenes are thought to exert their parcinauenerty:. 

the dimethyltriazene metabolically generates the 

monomethyltriazene which is known to be a powerful methylating 

agent.oF However diethyltriazenes are able to generate 

monoethyltriazenes, >” at least in vitro, which are again known 

to be carcinogenic and alkylate DNA and yet are completely 

inactive as antitumour agents against the TLX5 lymphoma. 

Also the host toxicity of diethyltriazenes is very similar 

to that of dimethyltriazenes suggesting production of equal 

amounts of cytotoxic species. -+?7° i 

Hickman> and Gescher et alee have suggested that although 

the monomethyltriazenes are highly cytotoxic, they may not be 

the active metabolites. Comparisons of monomethyl- and 

monoethyltriazenes (18; R= 4-tolyl) against TLX5 cells show 

them to be of similar cytotaxicity.-© Also monomethyltriazenes 

are equally cytotoxic in vitro to TLX5 cells which are either 

sensitive or resistant to dimethyltriazenes suggesting the 

cytotoxicity to be non-selective.-’9° Paradoxically in the 

same study a monomethyltriazene (18; R= 4-carbomethoxyphenyl) 

was shown to be inactive against the resistant cell line in 

vivo whilst showing activity against the sensitive cell tine.78 

This result contrasts with the finding that MTIC (29), the 

monomethyl analogue of DTIC (11) is equally active in vivo 

towards cell lines of the L1210 resistant and sensitive to 

DTIC." 

athe



Another possible candidate for ‘active metabolite' is the 

N-hydroxymethyl-N-methyltriazene (30) - 'a carbinolamine'.7?7° 

This is the proposed intermediate in the metabolism of the 

dimethyltriazene to the monomethyltriazene (scheme 1.2). 

Originally these molecules were thought to be too short 

lived to be of importance. However several such carbinolamines 

H CH.OH WH 
RoNENNC 3 —_y R-N=N-NC) 2 > R-NSN-NK 

CH; “tH, CHS 
(30) 

ae 

Scheme 1.2 Metabolism of the dimethyltriazenes 

have now been synthesized and found to be relatively stable 

species.© 179% Hickman has shown one of these (30; R= 

4-carboxymethylphenyl) to be more potent than the corresponding 

monomethyltriazene both in vivo and in vitro against the TLX5 

lymphoma. The hydroxymethyl intermediate (31) (scheme 1.3) 

of the clinically used triazene, DTIC, has now been tentatively 

identified by t.l.c. as a metabolite in rat urine and shown to 

a N NH, a 

a Je: oo ae Ne on eee 

OTIC 
MTIC 

(1) oa ES 

Scheme 1.3 Metabolism of DTIC 
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be more stable than MTIC both in polar solvents and under 

conditions of chromatography.°> Kolar has suggested that 

this species might act as a transport form of the DTIC 

derived methylating epentes” He has further suggested that 

it may directly participate in tumour inhibition by covalent 

binding to, or intercalation with, nucleic acids. 

The hydroxymethyl intermediate may act as a transport form 

of formaldehyde and release of this cytotoxic moiety at the 

tumour site may be responsible for antitumour activity. On 

the other hand the N-ethyl metabolite, N-(1-hydroxyethyl)- 

l-alkyltriazene, releases acetaldehyde and this may represent 

a very much less effective antitumour species. Evidence that 

formaldehyde does indeed have tumour inhibitory properties 

in vivo will be presented later in this thesis. 

However the carbinolamine, in similar fashion to the 

monomethyltriazene, is unable to discriminate in vitro 

between.TLX5 cell lines sensitive and resistant to the 

dimethyltriazenes.°* In addition, an N-ethyl-N- 

hydroxymethyltriazene (32; R= ethyl) has been shown to be 

inactive towards the TLX5 lymphoma whereas its N-methyl 

analogue (32; R= methyl) retained activity suggesting that 

the carbinolamines per se are not the active species. 64 

=i6-



In conclusion, therefore, 

although the requirement for 

CH.OH 
: Lone: the N-methyl group has been eK rn, Ssumeel: 

R very much more carefully studied 

(32) for the triazenes than for 

procarbazine, the explanation 

for the preference of the N-methyl group over the N-ethyl 

group for antitumour activity remains just as elusive. 

1.4 Hexamethylmelamine 

Hexamethylmelamine [2,4,6-tris(dimethylamino)-s-triazine] 

(HMM; 12) has shown consistent clinical activity against a 

wide variety of solid tumours including small (oat) cell 

65,66 67,68 
carcinomas of the lung, ovarian carcinomas and 

69-71 Taso 
breast tumours. Bilharzial bladder cancer, 

Coa have all shown cervical cancer’ * and lymphomas 

favourable responses. Since the primary toxic effects of 

HMM are gastrointestinal and neurological, © it has found 

widespread use in combination chemotherapy alongside 

myelotoxic agents. It is currently in use as a constituent 

of some of the most promising combinations for the treatment 

of ovarian tumours including Hexa-Cary ao! and CHAP.°*-84 

Recently pentamethylmelamine (PMM; 33), the desmethyl analogue 

of HMM, which is soluble enough for intravenous infusion has 

entered several phase 1 clinical trials in an attempt to 

circumvent the gastrointestinal toxicity.e>- 77 

-17-
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See (12) R= CH, , R’ = CH, 

ek (63) Gee H gee Cech 

tat Glee Une ean 

KZ ZR 

lL, - 

Initial indications are not promising and show that PMM 

is no less of an emetic than HMM. 

The importance of the N-methyl group within the structure 

was demonstrated in 1975 by Lake et alec using the murine 

Sarcoma 180 and Lewis Lung carcinoma tumours. Increasing 

the number of methyl groups from one as in monomethylmelamine 

to six as in HMM resulted in a gradual increase in both 

toxicity and antitumour activity. Since the two parameters 

changed at about the same rate the therapeutic index remained 

constant. Melamine (34), however, with no methyl group, was 

without activity and thus the suggestion was advanced that the 

Presence of a methyl group and not the number of groups was 

the determining factor for antitumour activity within these 

compounds. 

Early studies on the metabolism and pharmacokinetics of HMM 

established that the drug was extensively metabolised in bath 

—8—



44 
ce Oral administration of C-methyl-HMM Tats and man. 

to patients was followed by the appearance of respiratory 

actos (9% of radioactivity within 6h) and labelled 

metabolites in the urine (29% in 72h).2° No unchanged HMM 

was detected and all urinary metabolites were identified as 

desmethyl analogues of HMM. From the pattern of metabolites 

it was possible to identify the major route of demethylation 

and this is shown in scheme 1.4. Minute quantities of the 

other methylmelamines, NeNCNCN’-tetra-, NeNeN*-tri- and 

N°N?-dimethylmelamine were also found. 

In rats the same metabolic pathway was found with 64% of the 

initial dose of HMM being excreted as metabolites with an 

intact triazine ring.?* Use of the 146 ping-labelled drug 

established that no significant cleavage of the triazine 

Ting occurred and NN“ -dimethylmelamine (36) and 

monomethylmelamine (35) were the major urinary metabolites 

93 94-97 
of HMM. PMM shares a similar metabolic fate. 

There is strong evidence that HMM requires metabolic acti- 

vation for its antitumour activity. © Whereas it is 

cytotoxic in vitro only after very prolonged exposures to 

celis, 29100 
one of its major in vitro metabolites 

N-hydroxymethylpentamethylmelamine (HMPMM: 37) - a 

'carbinolamine' - is a very much more cytotoxic species 

99,100 
and does not require activation. It is an intermediate 

in the oxidative N-demethylation as shown in scheme 1.5. 

-19-
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CH CH CH SH, OF CH, UH 

NZ N “a N7 N 
| 2 | t | 

N Pe n~ 
cH 

! 
cH; C 3 cH, cH, SS cH, 3 

(12) (37) (33) 

ues 

Scheme 1.5 Oxidative N-demethylation of HMM 

Although the intermediate (37) has been identified as a 

metabolite in vitro by h.p.l.c. and g.l.c.m.s. studies 

101 
after derivatisation it has not yet been identified in 

vivo. Gescher et al. have suggested that once generated it 

may conceivably undergo rapid conjugative metabolism and 

probably extensive biliary excretion. (21 

The metabolism of HMM can occur both in the Divers overs Oe 

103-105 
and extrahepatically. Irreversible binding of 

labelled metabolites of HMM has been demonstrated both in 

vivo and in vitro to liver and ovarian tumour macromolecules. 197 

Whereas ‘40 _ping-labelled HMM in the absence of cofactors 

had only a minute capacity to bind to microsomal proteins 

-21l-



covalently, activation by microsomes in the presence of 

NADPH stimulated binding. Studies with L5178Y lymphoblasts 

have shown that very small amounts of PMM were detectable 

within 1 min in cells treated with Hmm. 194 The available 

evidence does not yet allow judgement to be made as to the 

relative importance of hepatic and extrahepatic metabolism 

for antitumour activity. 0° 

Two obvious candidates for the role of active metabolites 

are the carbinolamine and formaldehyde. Rutty et al. have 

used semicarbazide in an attempt to differentiate between 

the cytotoxicity of the carbinolamine per se and the 

100 Semicarbazide (38) is claimed formaldehyde it releases. 

to react with formaldehyde under the incubation conditions 

employed and thus act as a trapping agent. Pretreatment of 

PC6 cells with semicarbazide indeed protects against 

formaldehyde toxicity in vitro whereas the cytotoxicity of 

the carbinolamine was unaffected by its 

presence thus indicating that the 

H, eae NH, 

(38) 

carbinolamine apparently does not work 

through the release of formaldehyde. 

The time course chosen for the incubation was 72h whereas 

the half-life of the carbinolamine with respect to its 

breakdown to PMM and formaldehyde is less than lh. Thus for 

a major period of the incubation time, PMM was presumably 

present rather than the carbinolamine. 

There are indications that PC6 cells are capable of 

105 
metabolising HMM and thus it is possible that 

=22—



carbinolamines, e.g. (39), are being continuously 

generated from PMM within the system (scheme 1.6). 

CH Cy 

vo : 
“Hayy aS ae CH Me Aya 

CH, CHS CH; CH; 

(35) G3) 

Scheme 1.6. Production of carbinolamines from PMM 

Cell lines which are insensitive to HMM in vivo e.g. the 

TLX5 and 11210 tumours have been shown to be protected by 

semicarbazide from the cytotoxic effects of the carbinolamine 

ain vitro and it has been suggested that formaldehyde alone 

accounts for the non-selective cytotoxicity in these cases. 

Contradictory evidence has however been obtained by Ross 

ig for the L1210 tumour where semicarbazide failed 

to protect against the cytotoxic effects of the carbinolamine. 

Differences in cell lines of the L1210 was suggested as a 

Possible reason for this discrepancy. In addition the Walker 

carcinoma, which is a tumour sensitive in vivo to HMM, is 

protected from the cytotoxicity of the carbinolamine by 

100 
semicarbazide. The significance of these semicarbazide 

-23-



protection experiments is therefore difficult to interpret 

and the role of the carbinolamine relative to that of 

formaldehyde for antitumour activity remains unclear. 

1.5 N-Methylformamide 

In 1953, whilst evaluating a series of formamides as possible 

solvents for the parenteral administration of novel compounds 

in an antitumour screening programme, Clarke et al. discovered 

the antitumour properties of N-methylformamide (NMF; 13) and 

formamide (F; ao) 198, Within the same report it was stated 

that preliminary observations with more than 60 formamides had 

failed to uncover any other with significant activity against 

109 on 
the murine Sarcoma 180. Two years later, Furst et al. 

a study of 83 formamides and related compounds tested against 

the Ehrlich ascites tumour reported that, again, only NMF and 

F demonstrated marked activity. However, N.N-dimethylformamide 

(41), N N-diethylformamide (42) and N-ethylformamide (43) all 

appeared to possess marginal activity. 

R R/ 
(40) H H 

(13) CH, 

(41) CH, CH, 

% ee (42) CoH. CoH 

He é 
‘R (43) CoHs 

Early investigations of the mechanism of action of the 

compound revealed little save that it might interfere with 

Behe



410-114 
nucleic acid base synthesis. Attempts were made to 

410-111 
link the mechanism of action of NMF to those of urethane (44), 

azaserine Gaye crater te and DON Cage 

aan 05H 
CoH wel N=N=CH--X-CHCHO 2 es 2 oN 

2 
(44) (45) X = 0 

(46) X = CHS 

Formate incorporation into the nucleic acids of the liver was 

AAG 17 
shown to be stimulated by NMF and it was thought that 

this might be involved in some way with the hepatotoxicity 

108,118 
of the drug, which has since proven to be the dose- 

118 
limiting factor in its administration to patients. This 

finding of hepatotoxicity in its first clinical trial in ee 

led to a loss of interest in its potential as a clinical agent; 

however clinical interest in the drug was recently revived with 

the discovery of its very marked activity against the N.C.I. 

ye The compound is currently panel of human tumour xenografts. 

being reinvestigated in two phase 1 clinical trials in London 

and Amsterdam and others are about to be initiated in the U.S.A. 

=25-



CHAPTER 2 Metabolism of the N-methylamino group 

The major metabolic transformation for the N-methyl group 

involves N-demethylation to formaldehyde and the 

desmethylamine. (72: 121 Two pathways are possible for this 

oxidation, either via direct C-oxidation to the carbinolamine 

(47) or via the N-oxide (48) and subsequent rearrangement 

to the carbinolamine (scheme 2.1). The formaldehyde 

generated by this pathway is then detoxified by oxidation 

to formate which in turn is oxidised to CO, This latter 

conversion can follow two pathways, either via a 10- 

formyltetrahydrofolate linked route or more directly through 

a peroxisomal catalase system. '~! 

A metabolic pathway which reveals mare aspects of N- 

demethylation has recently been found for compounds such as 

N-methylbenzamide (49) (scheme 2.2). °° The N-formyl 

metabolite (50) is evolved from the carbinolamine and is 

then metabolised to the desmethylamine without production 

of formaldehyde. The availability of this pathway to other 

N-methyl containing xenobiotics is unknown. 

For all of the compounds, procarbazine, the dimethyltriazenes 

HMM and NMF, the following statements can be made: 

i) Incubation of the drug with mouse or rat liver 

microsomes in vitro generates formaldehyde 

(exc. NMR). 127 123151,52,98,.119 

ii) In vivo, a formaldehyde precursor, presumably the 
  

carbinolamine or a carbinolamine conjugate is 

=26—
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metabolically produced after administration of 

the drug. 17963, 124, 122 

111) co; is expired by mice or rats receiving 

the drug labelled with he in its N-methyl 

position.> 7707 3e) 126,592,125 

There is little doubt, therefore, that all of the above 

compounds are oxidatively N-demethylated in vivo although 

for procarbazine this may not represent the major biotrans- 

formation (co, may also derive from methanol evolved in 

procarbazine's metabolism, scheme 1.1). With the exception 

127. 
of NMF, appreciable cytotoxicity in vitro of the above 

compounds is achieved only after microsomal activatione®?9+'>? 7" 

NMF is relatively non-toxic in vitro under all conditions 

investigated to date. 

The conjecture is that metabolism is also required in vivo 

for antitumour activity. This is a hypothesis that is very 

difficult to prove. Mention has already been made that it 

is insufficient for a species to simply be cytotoxic; it 

must also possess the necessary capabilities to be present 

at a tumour target in sufficiently high concentration to 

exert that cytotoxicity. 

27) 
The carbinolamines of NMF, op the dimethyltriazenes* and Hmm" 

are all markedly more cytotoxic in vitro than their respective 

N-methyl analogues. This fact has implicated them as being 

possible ‘active metabolites' in vivo. When these compounds 
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go they demonstrate similar are administered in vivo 

toxicity and antitumour activity to their N-methyl precursors 

except for NMF whose carbinolamine is very much less toxic 

and possesses reduced antitumour activity. |°7 This does 

not. necessarily invalidate the carbinolamine as a potential 

‘active metabolite’ since its generation in vivo from a 

precursor may produce more effective levels at a tumour site 

than after injection of the carbinolamine as such. This 

might be the case where prolonged levels of a metabolite are 

required rather than just a very high initial peak level. 

The available evidence does not yet allow judgement to be 

made as to the relative importance of the carbinolamine and 

formaldehyde for antitumour activity. Gescher et ace have 

suggested that the carbinolamine may represent a nascent form 

of formaldehyde which escapes the detoxification mechanisms 

(scheme 2.1) of the liver. If this is so then the stability 

of the carbinolamines may well be important. An unstable 

carbinolamine (e.g. from aminopyrine 22) will rapidly 

decompose to release its formaldehyde and may therefore not 

Teach a potential target. On the other hand, too stable a 

Ccarbinolamine may decompose at too slow a rate within a tumour 

to produce useful cytotoxicity. Thus a balance may be 

required possibly explaining why only certain N-methyl 

containing xenobiotics are antitumour agents. If this is 

the case it may be possible to 'tune' the stability of the 

Carbinolamines to achieve the desired therapeutic objective. 
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Although the carbinolamine and formaldehyde may well 

Tepresent the most cytotoxic species generated by NMF and 

HMM (and this is not yet certain for NMF), both procarbazine 

and the dimethyltriazenes generate additional highly 

cytotoxic species. These may play an important if not key 

role in their mechanisms of action as antitumour agents. If 

this is so then it is unclear why the N-methyl group should 

be a requirement for antitumour activity within these 

molecules if this metabolic pathway is not important. 
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CHAPTER 3 The role of alkylation in the mode of action 

of N-methyl containing antitumour agents 

3.1 Introduction 

Since HMM, procarbazine and the dimethyltriazenes all produce 

electrophilic species along their metabolic pathways it is 

reasonable to suspect that ‘alkylating activity' may be 

responsible for their antitumour activity. The nature of 

the alkylation for all of these compounds is unclear but the 

possibilities include hydroxymethylation (via formaldehyde), 

aminomethylation (via a carbinolamine) and methylation (via 

an Sy2 process). Similarly the target of alkylation crucial 

to the antitumour process remains unidentified. The ability 

of these molecules to alkylate and cross-link biomolecules 

is reviewed in the following pages. 

5.25) Triazenes 

The dialkyltriazenes are known to be potent carcinogens. <2 

Whereas 1l-phenyl-3,3-dimethyltriazene (27; R= CHS) acts as 

a systemic carcinogen, 1-phenyl-3-monomethyltriazene (29; R=H) 

Produces tumours at the injection site implicating it as the 

proximate carcinogen evolved from the dimethyl compound. (>? 

Further the monomethyltriazene is a potent alkylating agent 

and methylates biomolecules, probably through an Sy2 process 

(scheme Sade 
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ae 
Ceca Nu-H ——> H,+N, + CHS-Nu 

Scheme 3.1 

129 131 
Alkylation both in vivo and in vitro has been demonstrated 

by the production of 7-methylguanine in the DNA and RNA of 

rat liver cells. These alkylating and carcinogenic abilities 

are not properties exclusive to the N-methyl containing 

triazenes as the monoethyltriazenes behave in an analogous 

manner in vitro producing 7-ethylguanine in the DNA and RNA 

of these tissues. |?" Although 7-methylguanine was detected 

in the DNA of livers of rats after administration of 1-phenyl- 

3,3-dimethyltriazene no tumours were observed in this organ 

although they appeared in other tissues. '-? Thus the link 

(if any) between alkylation, as determined by methylation of 

the N(7) position of guanine, and carcinogenesis is a tenuous 

one. 

The possibility that the dimethyltriazenes function as anti- 

tumour agents in a manner similar to the ‘classical! 

alkylating agents appears unlikely. Several pieces of evidence 

militate against this. Firstly Audette et al.’ have demon- 

strated that the triazenes are active against the R1 and TLX5 

lymphomas which are claimed to be insensitive to difunctional 

and monofunctional alkylating agents. Furthermore they are 

waa



active against the PC6A plasmacytoma, a tumour claimed to 

be insensitive towards monofunctional alkylating agents.» 

Although very great assumptions are being made here about 

the biological nature of these tumours, the observation 

that nitrogen mustard (3) and cyclophosphamide (5) retain 

full activity against an L1210 cell line made resistant to 

DTIC (11) substantiates the assertion that a different 

; i; aoe 54 
mechanism of action is involved. 

The involvement of methylation in the antitumour activity 

appears unlikely in the light of the fact that human 

malignant melanoma cells which are either sensitive or 

resistant to DTIC are methylated by the drug to an equal 

extent in vitro, 172 In addition di- and monoethyltriazenes 

are generally inactive as antitumour agents, ~ although 

monoethyltriazenes alkylate RNA and DNA as efficiently as 

134 
monomethyltriazenes. The diazonium ion (51) is another 

electrophilic species generated by the dimethyltriazenes and 

X 

CH Ht © CH 
N=N-NC 3 N, +HN 3 

“CH; ‘70H 2 NcHy 

Ci) 

Scheme 3.2 Protolysis of dimethyltriazenes 

results from heterolytic fission of the molecule (scheme 3.2) 

De 
in protic media. Audette et al. have shown these species 
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to be extremely cytotoxic towards TLX5 lymphoma cells 

in ane. Connors et al. have synthesized a series of 

dimethyltriazenes which protolyse over a large range of 

different etees The rate of protolysis was shown not to 

correlate with the antitumour activity in vivo suggesting 

that production of the diazonium ion is unrelated to the 

antitumour process. 

The involvement and the importance of the carbinolamine 

and the formaldehyde it generates are unknown at present. 

Therefore it appears that although the dimethyltriazenes 

generate a variety of electrophilic species, none has yet 

been positively linked with antitumour activity. It is 

feasible that no single species is responsible for activity 

but instead a cascade of reactive maLeties Produces the 

antitumour response. As Stevens has suggested, patients 

receiving DTIC may well in fact be receiving combination 

chemotherapy.!?7 

Jase Hexamethylmelamine (HMM) 

HMM (12) and triethylenemelamine (7) are both active against 

the Walker 256 carcinoma.+?? The similarities between the 

two compounds have often been referred to and this originated 

from the investigations of Hendry et al. in the early 1950's 

133-135 
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R CH 
eee (12) =i 3 

n7 Nn CH3 
H 

R Zoe C7) 4 2 

“CH, 

5 H,0H 
(52) ot NA 

Hendry et al. in their studies on the antitumour mechanism 

of urethane (44) examined compounds which, like urethane, 

could condense with amino groups.229-2395 They screened a 

series of compounds which were employed as industrial cross- 

linking agents in the fabric industry. Since these agents 

could modify the properties of certain fabrics by covalently 

linking peptide chains of textile fabrics it was argued that 

they might also cross-link biologically essential molecules 

such as DNA in the manner of the 'mustard' group. Out of 

these compounds emerged triethylenemelamine Ce 

135 

and 

trimethylolmelamine (52) as active against the Walker 256 

Carcinoma. The methylolamine group is considered to react 

towards nucleophiles in a manner similar to the aziridinyl 

functionality (reactions a and b). 

CH 
a) Nu-H + [| 25N—X ——>Nu-CH,CHNH-X 

CH 

b) Nu-H + HO—CH,NH-X ——> Nu-CH,NH-X + H,0 
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Structural requirements for molecules containing aziridinyl 

functionalities attached to an s-triazine ring were defined. '?> 

In general at least two aziridinyl groups were necessary for 

activity (53), although a feu 

R compounds containing only one 

aziridinyl group showed a very 

ay 
a5 small degree of activity. Many 

a Sy nT? modifications were permitted for 
a os 

CH C R with activity being retained. 2 2 

The general requirement for two 
(53) 

aziridinyl groups suggested 

that cross-linking might be responsible for the antitumour 

activity of these compounds. 

Condensates of melamine and formaldehyde were tested against 

the Walker 256 carcinoma and the results obtained are shown 

  

  

in table Sedan 

i optimal inhibition of 
tumour growth % 

Qo 22 
NH, 

Z as 42 

N N 
er x. HCHO 2 84 

HN Sy SNH, ; ae 
4 97 

5 74 

6 61         
Table 3.1 Inhibition of the 

Walker 256 carcinoma by conden- 

sates of melamine and formaldehyde. 
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The condensate containing three equivalents of formaldehyde 

to one of melamine produced the best inhibitions against 

this tumour. These compounds are difficult to characterise 

and obtain pure and it is probable that mixtures are 

represented, however the 3:1 condensate was probably 

essentially trimethylolmelamine (52). When compounds 

containing two hydroxymethylamino groups attached to an 

s-triazine (54) were investigated, they were often devoid 

of antitumour activity suggesting 

ue that the group R in (54) is 

oO 
N playing an important role in 

HOCH | CH.OH the antitumour requirements 
INT Sy NC 2 

H SH of the molecule. pe 

(54) 

Thus the suggestion is that polymethylols may well act as 

biological cross-linking agents. No evidence has yet been 

presented that HMM is capable of producing polymethylols but 

it is a possibility. The stepwise pathway through which 

HMM is metabolized (scheme 1.4) suggests production of single 

methylols and subsequent breakdown to the desmethylmelamine 

before further activation; however polymethylols may still be 

produced in lesser quantities. 

The-polymethylols, trimethyltrimethylolmelamine (55) and 

hexamethylolmelamine (56) have been synthesized and tested 

oe CH,0H “3 
a ¢ ) R = —N 

N } os cH 
SS Be R N R eo ke AHQOH 

CH,0H 
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against the PC6A plasmacytoma both in vitro 28 and in 

vivo. 198 in vivo both are active although no more so than 

HMPMM (the monomethylol; 37) or HMM (12) itselr 7? and in 

vitro both demonstrate activity similar to that of the 

100 
monomethylol. They are however chemically unstable and 

decompose to release formaldehyde which may be responsible 

for the observed cytotoxicity. 29 

DNA and DNA-protein cross-linking in L1210 cells after 

exposure to trimethyltrimethylolmelamine has recently been 

investigated by Ross et alec The dose of the drug required 

to elicit cytotoxicity was first established and at this dose 

substantial cross-linking of both of the above types was 

found. However neither HMM activated with 9,000 x g liver 

supernatant nor HMPMM produced cross-links at their respective 

cytotoxic doses. Formaldehyde even at non-toxic levels 

produced extensive DNA-protein cross-linking but no inter- 

strand links. The conclusion was that cross-linking was not 

of primary importance for the drug induced cytotoxicity of 

HMM in these cells. In contrast, Muindi et al. found that 

HMPMM was able to induce DNA-protein links in L1210 cells 

but demonstrated that these were reversible by preincubation 

with semicarbazide implicating formaldehyde as responsible. 7° 

With the same compound neither DNA nor DNA-protein links were 

found in PC6 cells after exposure to cytotoxic levels, 

although this tumour is sensitive to the drug in vivo. They 

concluded that the cytotoxicity of HMPMM was not attrituble 

to DONA cross-linking. 
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Morimoto et al. using Lieberman plasma cells, a tumour 

sensitive to HMM in vivo, have shown that both DNA and 

RNA synthesis are dramatically inhibited by the drug. |?” 

Radiolabelled HMM (or more likely a metabolite) was shoun 

to be bound to both the DNA and RNA within these cells. 

DNA and RNA inhibition have also been demonstrated in 

Ehrlich ascites cells. 178 

The role of cross-linking, therefore, appears from the above 

to not play a substantial part in the antitumour activity 

of HMM although DNA and RNA syntheses are inhibited. 

It is of mechanistic chemical interest that whereas neither 
92,100 

HMM nor its metabolites appear to react with nitrobenzylpyridine, 

a reaction considered a standard test of alkylating ability, 

the metabolites are clearly able to bind covalently to the 

macromolecules of celle. |? 

Formaldehyde is known to be a weak alkylator /?9 and mutagen /*9 

It is able to bind to onal”? pwa’?’ and proteina ‘* and inter- 

fere with coupled phosphorylation.’> Although studies have 

demonstrated that semicarbazide is able to protect against 

the cytotoxic effects of formaldehyde whereas HMM after 

microsomal activation often remains as toxic in the presence 

or absence of semicarbazide the role of formaldehyde cannot 

be dismissed. 174 It is feasible that formaldehyde may anly 

ever be released from the carbinolamine at the bionucleophilic 

target and thus may not have the opportunity to react with 

semicarbazide. 
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3.4 Procarbazine 

Procarbazine produces a multitude of potential alkylating 

species (scheme 1.1) yet virtually nothing is known of their 

Tole with respect to the antitumour action of the drug. 

Transmethylation of the intact N-methyl group of procarbazine 

onto the N(7) position of guanine in the cytoplasmic RNA of 

ae The P6815 leukaemia cells has been demonstrated by Kreis 

extent of methylation however is unlikely to be lethal to 

the cells. Incorporation of precursors into the DNA, RNA and 

protein of L5178Y lymphoma cells is inhibited by the drug ’** 

and DNA fragmentation in various organs of Swiss mice has 

been demonstrated.>” None of these effects have been shown 

to correlate with the antitumour activity of the drug. 

“k=



CHAPTER 4& Aims of the present work 

Cumber et al. in a search for analogues of HMM with 

enhanced water solubility synthesized and tested a 

series of substituted s-triazines against the ADJ/PC6A 

(PC6) murine plasmacytoma. |“? Their results indicate 

that s-triazines containing five exocyclic N-methyl groups (57) 

were, in general, active and those containing three (58) 

or four (59) N-methyl groups were sometimes active depending 

on the other exocyclic substituents. 

CH. ABN, 

ee ry NN 
Hy on ae A Jy Cty C Jy 

CH CH; ae ch CH 

(57) (58) (59) 
3) 

They concluded that for the series investigated there was 

no correlation between the rates of in vitro metabolism and 

the therapeutic indices achieved in the antitumour assays. 

Rutty et al. investigating a similar series of compounds came 

to the opposite conclusion; i.e. that a correlation did exist 

between these two parameters, but noted that there were some 

important exceptions. 7° 
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One objective, therefore, was to synthesize a series of 

simple substituted s-triazines containing from three to 

six N-methyl moieties in order to investigate their anti- 

tumour properties and metabolism both ain vivo and in vitro 

in an attempt to determine the requirements for antitumour 

activity. 

Considering the results for the PC6 tumour, a minimum 

requirement for activity within the methylmelamine structure 

appears to be about three or four N-methyl groups. A series 

of novel 3-substituted-s-triazolo [4,3-a] -s-triazines (60) 

and their isomers the 2-substituted-s-triazolo [2,3-a] - 

s-triazines(61) containing dimethylamino groups in their 5- and 

7-positions were synthesized and their spectroscopic and 

biological properties investigated. 

| CH 
CH; (60) 3 (61) 

CH 7 CH; 

NZ 
CH a (62) 

CH; 
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It was hoped that these bicyclic melamines might be similar 

enough to 2-amino-4,6-bis(dimethylamino)-s-triazine (62) 

(a compound known to be active against the PC6 tumour) that 

they could retain activity. 

A test system was required to compare HMM and its analogues. 

The M5076 sarcoma was selected and its chemosensitivity to 

a wide variety of agents investigated. 

Since formaldehyde has been implicated in the mechanism of 

action of HMM, its antitumour activity in vivo was also 

studied. 

The final section of this thesis is concerned with 

N-methylformamide (NMF). The structural requirements 

necessary for the antitumour activity of the NMF molecule 

were examined. Since the drug was about to enter phase I 

clinical trials several aspects of its toxicology were 

studied and this led on to investigations of its potential 

use within combination chemotherapy. 
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Chapter 5 The synthesis of analogues of hexamethylmelamine CHMM) 

  

Siok Synthesis of 2,4,6-trisubstituted-s-triazines 

The methods of Borkovec et ae Thurston et ails? and 

Pearlman et alse were used for these syntheses. 

The synthesis of all the required 2,4,6-trisubstituted-s- 

triazines derived from the same starting material, cyanuric 

chloride (2,4,6-trichloro-s-triazine; 63). Stepwise substi- 

tution by nucleophiles of the chloro groups within this molecule 

is a relatively facile process. In preparing unsymmetrically 

substituted s-triazines the order of entry of the incoming 

nucleophile is most important.+*8 Whereas the first two chloro 

groups can be substituted with ease by reasonable nucleophiles, 

high temperatures and/or pressure may be required to replace 

the third chloro group. It is therefore advantageous to insert 

the poorer nucleophile first if difficulty is encountered in 

introducing it at a later etage.-'* Alternatively it may be 

Possible to insert a substituent which may later be modified 

to the desired moiety. These criteria formed the basis for 

the syntheses shown in scheme 5.1. Thus although 2-chloro- 

4,6-bis(dimethylamina)-s-triazine (64) was prepared at raom 

temperature, heating under reflux was required for insertion 

of the third nucleophile. Azide ion, dimethylamine, 

methylamine, N-hydroxy-N-methylamine and hydrazine all displace 

the final chloro group easily under these conditions to yield 

compounds (65,12,33,66,67) however concentrated aqueous 

ammonia does not. It is possible to first insert the unsub- 

stituted amino group at low temperature and then further 

insert two molecules of dimethylamine to afford 2-amino-4,6- 

bis(dimethylamino)-s-triazine (62), however a more recent 
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co Reaction of synthesis was available for this compound. 

2-chloro-4,6-bis(dimethylamino)-s-triazine with sodium azide 

yielded the azide (65) and reduction of this with hydrogen 

over 5% palladium on charcoal afforded the amino-substituted 

product (62). 2,4,6-Tris(methylamino)-s-triazine (70) and 2- 

dimethylamino-4,6-bis(methylamino)-s-triazine (69) were both 

prepared from 2-chloro-4,6-bis(methylamino)-s-triazine (68) 

by substitution with methylamine and dimethylamine respectively. 

Either the free base or the amine hydrochloride plus sodium 

hydroxide could be used in these preparations. 

Pentamethylmelamine (PMM, 2,4-bis(dimethylamino)-6- 

methylamino-s-triazine: 33) served as the source of several 

of the substituted pentamethylmelamine compounds (scheme 5.2). 

Reaction with formic acid and acetic anhydride yielded the 

No-Formyl substituted compound Gaye Reaction with 

formaldehyde afforded the carbinolamine (37) under mild 

conditions which reacted further with PMM when heated under 

reflux to produce N22 -methylenebis (NEN¢ NY None 

pentamethylmelamine; 72). 

All structures were confirmed by n.m.r., mass spectral and 

infra red analyses and their purity confirmed by comparison 

of the m.p.s. with literature values. 

5.2 Synthesis of 3-aryl-s-triazolo(4,3-a] -1,3,5-triazines 

The known representatives of the s-triazolo[4,3-a] -1,3,5- 

triazine and s-triazolo[2,3-a] -1,3,5-triazine Ting systems 

151 
have been prepared either from s-triazoles and aliphatic 
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precursors? >- or from the corresponding s-triazines. Three 

investigators have previously employed the latter strategy 

and all first prepared the appropriate 2-hydrazino-s- 

triazines (73).1937155 

Desphande et ale) in his method, converted the hydrazino 

moiety to the hydrazide and then effected cyclodehydration 

of this compound to yield the s-triazolo[4,3-a] -1,3,5-triazine 

(74) (scheme 5.3). 

De Milo et eile simply condensed the 2-hydrazino-s-triazine 

with 1,1-thiocarbonyldiimidazole to yield the cyclic thione 

(75) (scheme 5.4). 

The third approach, that of Kobe et eines was employed for the 

present syntheses. The 2-substituted benzylidenehydrazino- 

4,6-bis(dimethylamino)-s-triazines (76) were first prepared by 

condensation of 2,4-bis(dimethylamino)-6-hydrazino-s-triazine 

(67) with the appropriately substituted benzaldehyde (scheme 

5.5, table 5.1). The hydrazones (76) were then submitted to 

oxidative cyclization with lead tetraacetate to afford the 

3-aryl-s-triazolo [4,3-a] -1,3,5-triazines (77) (scheme 5.5, 

table 5.1). The direction of ring closure is irrelevant within 

these compounds as the s-triazine ring is symmetrically substi- 

tuted. The oxidation is effected at room temperature in either 

chloroform or dichloromethane and is complete within 2h. The 

characterization of these compounds is described in section 5.4. 

5.3 Synthesis of novel 2-aryl-s-triazolo([2,3-al - 

1,3,5-triazines 

The 2-aryl-s-triazolo(2,3-a] -1,3,5-triazines (78) were prepared 

by a Dimroth-type rearrangement of the corresponding 3-aryl-s- 

shgo
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no \ 

SS (CH3)N~ Sy ~N(CH3)9 

(76) 

(aay eae 

ios ( aes Sy (C HyN7 S 

C77) (78) 

Compound R Compound R 
number number 

76a -H 770 o = or 

76b o - NO, 77d m- Cl 

76c B= NO, 77e pe GL 

76d g- Gl 78a cH 

76e m- Gl 78b a - NO, 

76f Bp = (Gr 78c eo = Gr 

77a -H 78d m- Cl 

776 o - NO, 78e p= "bi 

Table 5.1 
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triazolo [4,3-a]-1,3,5-triazine (77) (scheme 5.6, table 5.1). 

  

Trangement is base-catalyzed and use of a 10% sodium 

hydroxide solution in either methanol or ethanol effects the 

rearrangement @E room temperature, or more rapidly at 

elevated temperature. 

Tel.ec. analysis (chloroform/methanol; 9/1) on silica gel 

plates of the reaction product revealed that the (2, 3-a] - 

isomer was the faster moving species in each case and also 

that the reaction went to completion within lh at elevated 

temperature. Guerret et ait°® have suggested that the driving 

force for the rearrangement of the s-triazoloazines in general 

originates from the large interaction between the electron 

densities (Sp* orbitals) of N-1 and N-2 in the triazoloazine 

La oe > eo e i 
(79) 

(79). 

(80) 

This interaction can be relieved in the isomeric series (80) 

where the pair of electrons an N-4 contributes to the 

aromatic sextet of the triazole ring. 

Two other analogues were also synthesized. The nitro group 

of (78b) was reduced to an amine (78f) function by hydrogen 

over 5% palladium on charcoal. Diazoatisation of the amine 

Followed by reaction with sodium azide yielded the azide (78g) 

(scheme 5.7). 
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Sists Spectral characteristics of the 2-substituted 

benzylidenehydrazino-4,6-bis(dimethylamino)- 

g-triazines 

The 14 nem.r spectra of the 2-substituted benzylidenehydrazino- 

4,6-bis(dimethylamino)-s-triazines (76) indicate the N-methyl 

singlet to resonate between 3°11 and 3-20 & (table 5.2). 

  

  

CH ny 
(76) 

Compound i 
& number Rae su eles 

-H 76a 3.12 9.41 

o-NO, b 3.20 8.37 

GS-6 d 3.17 9.20 

m-C1 e oo) 8.83 

p-Cl f Diels 8.63             

Table 5.2. Chemical shift values (6 ) of the protons 

in the 2-substituted benzylidenehydrazino- 

4,6-bis(dimethylamino)-s-triazines 

The mass spectra of these compounds are as indicated in 

appendix 5.1. The pattern of breakdown for the phenyl (76a) 

and chlorophenyl (76 d - f) substituted analogues was quite 

distinctive (fig. 5.1). Losses of imine molecules and methyl 
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H H + 
HN-N=C Ar HN-N=C Ar 

Z™~ —HN=CH yAN yn 

CHa Je ——4 AAC moe 

Rell m/e 27/477 \ReCl m/e 276/278 R=H mf 270 
Cl m/e 304/306 

— CHFN-CH3 

-CH3 H |< 
HN-N=C Ar] 

“a 
— N=CAr . + 

Cia At HN-N=CH 
M2 fe a ) x a en ol CHS ‘CH3 yZ> 

| XH . CH alk H us a R=Cl m/e 319/321 An Sy | a 3 
\ NO> m/e 330 \ cH c c 3 285 H3 H3     

m/e 182 m/e 208 

[ance 

whe |e lt abe ao NZ SN NZ 

wc Nl LH; nee tts CH eee. 
N N ‘CH CH N 3 

CH3 m/e 139 m/e 167 > 
m/e 153 ; [-HNecH, 

ye a a 2 NH» 

iN 
N~ i j=) won 

CH CH 
ie BOND) CH ey Ne 3 

HSN ON CHEN-CENH thy) SN CH, 
m m/e 71 +Necy m/e 138 

Fig 5.1 Possible mass spectral fragmentation pathways of 

the 2-substituted benzylidenehydrazino-4,6- 

bis(dimethylamino)-s-triazines. 
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radicals from the intact molecule occur to a minor degree. 

The major fragmentation produces the "/e 182 peak and subse- 

quently demonstrates losses characteristic of the 

methylmelamines. This is the case also for the nitro 

analogues (76b,c). 

Two important absorbances are demonstrated in the U.V.spectra 

of these compounds; a major peak at 227-229 nm and a minor 

peak occurring at 305-317 nm. Addition of acid increases 

the intensity of the minor peak relative to the major with 

a concurrent hypsochromic shift (3-10 nm). Addition of base 

has no effect. 

A peak at 810-820 em7t is present within the i.r. spectra of 

all of these compounds. This band has been assigned to an 

out-of-plane motion of the triazine ring and is present within 

all triazine molecules. 

5.5 Spectral characteristics of the 3-aryl-g-triazolo- 

(4,3-a] -1,3,5-triazines and the 2-aryl-s-triazolo 

  

2,3-a] -1,3,5-tria es 

The nem.r. and u.v. spectra are characteristic for each isomer 

within these two series. 

Structures (77) and (78) may easily be differentiated by the 

chemical shift positions of their N-methyl groups (table 5.3). 

The 7-N(CH3) resonance is in approximately the same position 

in both isomers whereas the 5-N(CH,) singlet has shifted sig- 

nificantly in structure (77) as compared to (78). This shift 
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(77) ED 

waa R 5 wochs) | 7 = NCGHs) 
77a -H 2.67 3.23 
77b go - NO, 2.55 3.27 

776 a = \cr 2.60 3223 
77d ewe 2.73) 3.23 

77e p- Cl 2.73 3°25 

78a -H Boo 3.19 

78b a - NO, 3.47 3.20 
78c o - Cl 3.55 3.20 

78d m- Cl 3.48 Bena) 

788 p - GL 3.53 3.20 

78f o - NH, 3.43 3017 
789 a-N, 5.53 3.20             

Table 5.3 Chemical shift values CS) of the protons in 

the [4,3-a] and [2,3-a] series. 
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may be attributed to the peri-type interaction between the 

two substituents at the 3- and 5-positions in (77) resulting 

in the 5-N-methyl groups moving out of the plane of the 

triazine ring. Since there is no substituent at 3- in (78), 

no such steric interaction is anticipated. 

In the same manner as the 2-substituted benzylidenehydrazino- 

4 ,6-bis(dimethylamino)-s-triazines the [4,3-a] -series demon- 

strate EUcemexine in their u.v. spectra. Again the major 

peak is in the region 228 - 238 nm and the minor peak in the 

region 260 - 275 nm. Addition of acid produces a hyperchromic 

effect in the minor peak such that it increases in absorbance 

above the other peak. It also demonstrates a small hypso- 

chromic effect (1 - 10 nm). 

The [2,3-a] - series possess only one major peak (227 - 244 nm) 

in their u.v. spectra with a second peak (253 - 335 nm) which 

is generally only manifested as a shoulder on the first or if 

shifted significantly is seen as a very minor peak. Addition 

of acid produces no change in absorbance and any change in the 

nna is negligible. Addition of base to either s-triazolo- 

1,3,5-triazine has no effect on the u.v. spectra. 

The mass spectra of both isomers (77) and (78) show molecular 

ion peaks in high abundance. Losses from the dimethylamino 

groups of the s-triazine ring represent a major feature in the 

spectra of both isomers. Production of the peaks "re TST, 

82,71,69 and 67 are common to almost all the analogues. These 
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probably represent fragments derived from the s-triazine 

component of the molecule (fig. 5.2). 

Hy £ H3 
N=CH 

NZ ' i ) : 

\ 2+ ee (CH,),N N 

le 137 7.196 

cH + fhe 
3\—C=NH CH-N—C=N 
ee 3 

CH3 S 

We 71 ae 69 

Ly 

Fig. 5.2 Probable mass spectral fragments derived from 

the aryl-5,7-bis(dimethylamino)-s-triazolo- 

1,3,5-triazines 
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Chapter 6 The M5076 (M5) reticulum cell sarcoma 

6.1 Introduction 

Recently a new murine tumour, the M5076 (M5, M5076/73A) 

reticulum cell sarcoma has been introduced for experimental 

2157,158 
us + The tumour arose as a spontaneous neoplasm in 

the avary of a C57/B8L mousel>? Initially characterized as 

an avarian carcinoma, histological and immunological studies 

now indicate it to be macrophagic in origin? Studies have 

demonstrated that its metastatic spread is highly unusual 

with metastases appearing primarily in the visceral organs, 

lung lesions being caress 7 so This property of the M5 

renders it an attractive model for the study of tumour 

spread and colonisation. 

HMM was reported active against this tumour??? and so the 

system was developed further for screening purposes and 

antitumour assays were conducted against it. 

6.2 Establishment of the test system 

In setting up a tumour as a screening model, several para- 

meters have to be established. The first is the strain of 

mouse to be used as host. The tumour arose in a €57/B8L 

mouse and these have generally been employed, however BOF, 

mice (hybrids of the C57/8L and the DBA/2 mice) were more 

readily available and are accepted as a possible alternative 

by the N.o.1. 282 These were used and no problems were en- 

countered.



The tumour was originally considered to be an ovarian 

carcinoma and so female mice have always been employed 

as hosts - this practice was continued in these investi- 

gations. At least two sites of tumour implantation were 

feasible. Whereas American workers favour subcutaneous 

implantation in the flank, Italian workers prefer intra- 

muscular implantation in the leg. The advantage of the leg 

muscle is that the shapes of large tumours at this site 

tend to be more reproducible, being enclosed fairly tightly 

by the skin of the leg; furthermore the tumour is more 

accessible to measurement by calipers. Tumour suspensions 

were favoured over fragments for the following two reasons. 

Firstly it is possible to count the number of cells ina 

suspension enabling greater reproducibility in inoculating 

mice with the same quantity of cells. Secondly evidence 

has been reported showing that the use of fragments can lead 

to selection of particular cell lines with a consequent loss 

of tumour heterogeneity.!°* 

Three possible end points were available for the evaluation 

of antitumour activity; increase in survival time of treated 

mice over controls, tumour weight inhibition and tumour volume 

inhibition. The accumulated death days of 212 mice injected 

intramuscularly with 10° cells are illustrated in fig. 6.1. 

These represent the control mice of 7 experiments and the 

Tange of medians lies between 31 and 39 days (table 6.1), 

no survivors being obtained. The median rather than the 

mean is preferred. 

aege



              

eu] i Days of death 

nn (212 mice) 

ce 

10 4 

Q mo dln 
10 20 30 40 50 60 

Days post implant 

Fig. 6.1 Lifespan of BDF , 3 mice implanted i.m. 

6 
with 10° M5 sarcoma cells 
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Group No.mice Median day of Range of days of 
death death 

A 30 39.0 25 - 58 

8 27 32.4 26 - 59 

Cc 30 32.7 21 - 46 

D 32 32.9 24 - 54 

E 28 S555 26 - 46 

Fe 28 3569 25 = 51 

G 37 31.3 26 - 48 

22 Bless — 3960 21 -. 59             
Table 6.1 The days of death of mice inoculated with 

10°ms sarcoma cells. 

The spread of the death days is comparatively tight for a 

slow growing tumour and the range of medians for several 

experiments narrow enough to suggest that the M5 sarcoma 

might be used as a survival time model. Death is through 

metastasis, however immediately prior to this, tumours are 

very large (approx. 7g) and have often broken through the 

skin of the leg leading to ulceration and infection. These 

problems militate against the use of this particular end 

point. Survival time is also a measure more of metastatic 

potential than of solid tumour growth. 

Tumour weights are more accurate than tumour volume measure- 

ments, however, since the tumour must be excised for the 

former it is necessary to kill the mouse and terminate the 

experiment. The tumour volume ratios for treated to control 

mice were found to be almost identical to the tumour weight 

=65-



ratios. Thus although it is difficult to measure absolute 

tumour volumes accurately, if one volume is divided by 

another an accurate ratio can be obtained. Tumour volume 

measurements are rapid and may be made as many times as re- 

quired permitting the progress of growth to be monitored. 

In fig. 6.2 (appendix 6.1) the tumour volumes with respect 

to time are shown for groups of mice implanted with differing 

numbers of M5 cells. These coincide well with the growth 

curves of the M5 sarcoma implanted in C57/8L mice, 204 giving 

an indication that the BOF, mouse is an acceptable host for 

this tumour. The delay times to reach Renee reat mean 

tumour volume of 3.5 em? are recorded in table 6.2 as this 

Parameter was used as a measure of tumour volume inhibition 

in some experiments. 
  

  

          

Number of cells Days to reach Delay relative 
implanted 3.5 cm3 to 106 cells 

10° 20.5 x 

10° 32.5 12.0 

10" 40.8 20.3 

107 47.8 27.3 

10° 53.6 33.1 

Table 6.2 . 

Several parameters of the M5 sarcoma are summarized in 

fig. 6.3 and table 6.3 and these are compared with those of 

other well established tumour model systems. Data for the 

L1210 leukaemia, 816 melanoma and Lewis Lung carcinoma 

systems were obtained from reference 163. The cell cycle 

time, S-phase time and proliferative fraction for the M5 
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7 

Mean 
6 

tumour 

5 
volume 

(em?) 4 

3 

2 

1 

  

  
  

10 20 30 40 50 

Day post implant 

Fig. 6.2 Growth curves of the M5 sarcoma after 

implantation (i.m.) of differing numbers 

of tumour cells in BOF, D mice. 
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10 

    

B16 

LL 

MS 

104 L1210 

Mean 

tumour 

veight 

Cg) 

0.14 

Q 5 10 15 20 25 30 

Days post implant 

Fig. 6.3 Comparison of the growth rate of the M5 sarcoma 

with other murine tumour models. 
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sarcoma were reported by Simpson-Herren et also” The 

growth curve and doubling time were determined for the 

212 mice in table 6.1 

  

  

Cell | Time Prolif- Daublaa 
Tumour Site] Tumour cycle] of erative Time 3 

size time |s-phase} fraction (deve) 
(h) Ch) (%) y 

L1210 6 
leukaemia ji.p.j{10 cells] 12.8 9.0 86 0.5 

B16 
melanoma |s.c.| 560mg 20.0 7.0 55 1.9 

Lewis lung 
carcinoma |s.c 575mg 19.0 8.5 38 2.9 

M5 
sarcoma fi.m.}| 500mg |24-30 | 15-18 240 4.0                 

Table 6.3 Cell cycle and growth parameters of the 

experimental tumours 

The data indicates that the M5 sarcoma is one of the slowest 

growing experimental murine tumours (the Lewis lung carcinoma 

is considered to be relatively slow). There is a need for 

slow spans experimental solid tumours with low proliferative 

fractions since these are the characteristics of the most 

intractable human neoplasms. Most novel agents are still 

tested on experimental leukaemias and lymphomas with short 

cell cycle times and high proliferative fractions, a situation 

which can be considered to have at least led to some progress 

in the treatment of human leukaemias and lymphomas but com- 

Paratively little with respect to the treatment of low prolif- 

erative tumours. 

269:



Mention has already been made of the metastatic spread of 

this tumour. It was observed at autopsy that the ovaries 

of M5-tumoured mice were often grossly enlarged through 

metastasis. Whereas normal ovaries weigh 3-5 mg, those in 

mice with advanced M5 sarcomas often weighed over 500 mg. 

This suggested that the weight of the ovaries might be 

employed as a simple model for metastasis. However investi- 

gations of a large number of mice with very advanced primary 

M5 tumours revealed ovaries weighing anywhere between 3 mg and 

550 mg. Thus metastasis a this organ appears to be too incon- 

sistent to be used in this way to quantitatively model for 

metastases. 

6.3 Response of the M5 sarcoma to chemotherapy 

Brief mention has been made by several authors of the response 

of the MS sarcoma to chemotherapy, however few details have 

been published.!>7*164,165. A variety of clinical drugs rep- 

resentative of different classes of agents were therefore 

tested against the M5 sarcoma to determine its spectrum of 

activity. In order to be able to compare different agents 

a therapeutic index (TI) was defined as the ratio of the 

LD.g dose to the dose required to produce 90% inhibition 

(1Dgq) of the control tumour volume on day 24 after implant 

of the tumour. 

The results are illustrated in fig. 6.4 and tabulated in 

table 6.4 (full details are given in appendix 6.2) 
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*=mg kg day 
  

  

  

Compound eal ae Lory COs, ID, TI 

Cyclophosphamide 1 only 370 520 100 Sink 

Chlorambucil 1 only 26 45 ~97 (~ 0.4) 

CDDP 1,5,9,13,1716.3 | 7-3 | 3.6 2.0 

CCNU 1 only 43 57 a7 3.4 

Methotrexate Lia: 27 2.6 3.8 Inactive} Inactive 

5-Fluorouracil Ls h7 10.7] 14.2] Inactive] Inactive 

Adriamycin 1,5,9,13,17 | 3-7 | 5.6 | @ 10.2)] @ 0.5) 

DTIC 1,5,9,13,17]185 | 260 | 32 8.1 

Procarbazine 1,5,9,13,17] 240 | 470 | 23 20.4 

Treosulphan 117 570 |>eo0} 420 21.9 

Hexamethylmelamine|/1 - 17 99 110 69 1.6               
Table 6.4 Chemosensitivity of the M5 sarcoma 

The studies which have previously examined the chemosensitivity 

of the M5 sarcoma were conducted to determine whether the 

tumour might predict agents active against ovarian tumours? 77154 

Since the tumour was originally thought to be a carcinoma, 

the histology of 75-90% of human ovarian tumours, 186 it was 

Proposed that it might model the pattern of chemosensitivity 

in the human situation. This, with the benefit of hindsight, 

is now known to have been a dubious speculation since the 

neoplasm is not a carcinoma but a reticulum cell sarcoma. As 

a predictive system the results in table 6.4 indicate that 

the tumour models well for the alkylating agents including 

treosulphan; overpredicts for CCNU, OTIC and procarbazine and is



incorrect for the antimetabolites. The M5 sarcoma would 

thus fare no better than any other experimental system. 

The responsiveness of the tumour is wide enough to detect 

agents such as HMM and treosulphan which are generally 

inactive towards other murine models. 

The concept of an experimental tumour predicting for the 

clinical tumour of equivalent histology is at best optimis- 

tic. Since a compound might be regarded as active in the 

clinic when only 25% of patients respond then it is more 

likely to be inactive rather than active against the ex- 

perimental model if a correlation were expected. Thus, for 

instance, a model for the highly intractable small cell 

carcinoma of the lung should predict none of the currently 

available drugs as active since no single agent will produce 

more than about a 41% overall response rate in lung cancer 

patients.!67 
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Chapter 7 Antitumour studies of analogues of 

hexamethylmelamine (HMM) 

Ted Introduction 

The antitumour properties of HMM were first demonstrated 

168 134 
upon the murine Sarcoma 180 and the Walker 256 rat 

carcinoma models. Activity has now also been shown against 

the Lieberman plasma ce11189 

plasmacytoma! 72 systems. Compared to most other clinically 

and the ADJ/PC6A (PC6) 

employed agents the spectrum of activity of HMM against the 

experimental models is relatively narrow. Indeed, if HMM was 

synthesized today and tested upon only the N-C.I. panel of 

tumours, the system with which mast novel compounds are now 

evaluated, then its antitumour potential might have remained 

undiscovered. It has now demonstrated very marked activity 

against several human tumour xenografts implanted in nude 

mice including Tange ete ecs ae mammary?’ Colones 21+ '6 

ie and renal’ neoplasms. Previous studies of HMM 

1 

Ovarian 

analogue testing have used the Sarcoma ao? and Lewis 

lung? carcinoma systems (comparatively unresponsive models) 

98,145 
and the PC6 plasmacytoma which to date has been the 

most sensitive murine model for this purpose. 

The activity of both HMM?>?++69 

(pum) 269 against the M5 sarcoma has been reported and so 

and pentamethylmelamine 

this tumour was used for the study of further analogues of 

these compounds. 
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aie Schedule dependency of the methylmelamines 

A previous investigation of the schedule dependency 

of PMM against the M5 sarcoma revealed that for this agent 

chronic long term schedules were superior to acute of inter- 

mittent regimest°? Since a number of methylmelamines and 

related structures were to be screened, a schedule was re- 

quired with which they might be compared. Three possible 

chronic schedules Gable 7.1, schedules A - C) were investi- 

gated for three melamines (12, 33, 37) and a fourth was 

investigated for HMM alone (table 7.1, schedule D). 

  

  

      

| Schedule CHa, 
Z A daily 1 + 27 

tt B | days 1,3,5,7,9,11,13,15,17,19,21 

(CH3)N~ Sy“ N(CH), | © days 1,3,5,7,9,11 
D days 1,5,9 (8 times/day) 

(12) R= CHS 

(33) R =H 
(37) R = CH.OH Table 7.1 Chronic schedules compared 

¥ 2 
for the melamines 

In figs 7.1 approximately equitoxic doses (~ L019 values) 

are contrasted for each schedule with each of the melamines 

(appendix 7.1). The comparison revealed that schedules A and 

B were equivalent at equitoxic dose levels whereas schedule C 

was undoubtedly inferior. Schedule C is merely a shortened 

version of schedule 8, however higher doses are no more 

tolerable. Schedule D proved to be very toxic. 
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Schedule A was therefore selected for general screening, 

however some of the initial tests were conducted using 

schedule 8. 

ied) A comparison of the alkylmelamines against the 
  

M5 sarcoma 

Two studies have already investigated the activities of the 

methylmelamines against experimental tumours, but differences 

appear to exist between the models. Lake et al. in his 

study using the Lewis lung carcinoma and Sarcoma 180 systems 

concluded that the methylmelamines containing from six to two 

methyl groups all have similar therapeutic indices and thus 

the presence of an N-methyl group was sufficient for activity 

although monomethylmelamine was significantly less effective. 

Rutty et al. using the PC6 tumour showed that the 

methylmelamines containing from four to six methyl groups were 

active, however ne NiNetrimethylmelamine (triMM) and its 

N-demethylated homologues were completely inactive.”° In 

addition HMM demonstrated activity superior to the other 

methylmelamines. The results for several alkylmelamines 

tested against the M5 sarcoma are shown in table 7.2 (appendix 

722). They are in agreement with those obtained against the 

PC6 tumour although HMM was not found to be markedly superior 

to either PMM or NeNeNIN-tetramethylmelamine (TMM). TriMM 

was inactive even at its LD), dose (~20% inhibition). M and 

HEM were inactive confirming the requirement of the N-methyl 

group for activity. 
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Both were very much less toxic than the methylmelamines 

tested. HEM and HMM are reported to be equitoxic to PC6 

cells in vitro whereas the desmethyl homologues of HMM become 

progressively less cytotoxict2? Brindley et al. have shown 

that plasma levels of HEM and its metabolites reach only a 

fraction of those levels achieved by HMM and its respective 

metabolites after an equimolar dose of HMM implying a possible 

pharmacokinetic basis for the requirement of the N-methyl 

moietyso® Thus the nature of the alkyl substituent may 

determine the ability of the molecule to reach the tumour 

site and the number of methyl groups determine the cytotoxicity 

of the compound at the site. 

ke et ale 

  

found that in his Sarcoma 180 model TriMM was as 

effective as HMM at equities temddesee In an attempt to repeat 

this result, HMM at 80 mg/kg/day over 9 days was compared with 

TriMM at 150 mg/kg/day using the same schedule. These can be 

considered equitoxic doses on the basis of LDi, values (both 

for a 17 day schedule and for a 5 day schedule) and on the 

observed body weight change which was the same for each agent. 

Although HMM produced the expected degree of activity, TriMM 

was without significant activity (fig.7.2 and appendix 7.3). 

An interesting parallel to the antitumour activity of the 

methylmelamines.is in their ability to act as insect chemosteri- 

lants. Substitution of the hydrogen atoms in melamine by short 

chain alkyl groups containing less than three carbon atoms ina 

chain yields highly active chemosterilants for the house-fly Musca 

domestica ees However it is only the methylated melamines 

which are able to sterilize the male of the species. Oliver 

mee =



Mean i 

tumour 

volume 
2; 

(em?)        
10 15 20 

Day post implant 

Drugs were administered daily between days 1 and 9 

  

HMM 80 mg/kg/day 

=e TriMM 150 mg/kg/day 

+ Control   

Fig. 7.2 Activity of methylmelamines against the 

Sarcoma 180 
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et al. have suggested that the process of oxidative metab- 

olism is probably responsible for the production of the 

active chemosterilizing species.!’* 

It would appear, from the results in table 7.2, that there 

is not a great deal of difference in the therapeutic indices 

of HMM, PMM and TMM against the M5 sarcoma. If the N-methyl 

group is indeed directly responsible for antitumour activity, 

as seems the case, then only two dimethylamino groups appear 

to be necessary for activity which leaves room for potential 

modification in the third substituent position (59). The 

situation is not this clear cut though since Cumber et allt 

have demonstrated two nen tne—trimethyl containing compounds 

to be active against the PC6 plasmacytoma (58). 

(R,R,R" = CH,OH or CoH). 
2 

One might speculate that perhaps a dimethylol (81) is 

produced. The parallel between this structure and the 

general structure for an aziridinyl substituted s-triazine 

Do 
(53) active against the Walker 256 carcinoma is obvious. 
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7.4 A study of the activity of N2-substituted-NeNtnt None 

pentamethylmelamine (N-substituted-PMM) compounds 

against the M5 sarcoma 

The results for several N-substituted-PMM compounds tested 

against the M5 sarcoma are summarized in table 7.3 (Appendix 

  

  

            
  

74). 

CH3. x 

ee Ny ! 

Sy 
CH.),N N ( 30 (CH3), 

Compound No. x LDig LOs, 1095 eas 

12 -CH, 39 | 110 69 1.6 

33 -H 144 | 167 132 123 

BT, -CH, OH Be | 114 114 1.0 

i 
a -CH 95 | 187 198 0.9 

66 -0H 350 | 494 | Inactive | Inactive® 

72 -CHy-PMM? |wu5a | © 

8 At 320 mg/kg/day, 27% inhibition (day 24) 

, 
8 Nene -Methylenebis(N2N?N¢NEN®-pentamethylmelamine) 

S At 640 mg/kg/day, 59% inhibition (day 24, ae deaths) 

Table 7.3 The activity of N-substituted-PMM compounds 

against the M5 sarcoma. 
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The compounds tested represent some possible products after 

metabolism of just one methyl moiety in the HMM molecule. 

N-Hydroxymethylpentamethylmelamine (HMPMM; 37) is undoubtedly 

a major in vitro metabolite of Hmmt OL and it is interesting 

that its toxicity and antitumour activity in vivo are not very 

different from those of HMM, although in vitro it is markedly 

;. 100 
more toxic. This paradox is explicable by the fact that 

HMM is completely and very rapidly metabolized in vivo 

probably to this species which then undergoes further bio- 

transformation. 

N-Formyl metaboliteshave been detected in the metabolism of 

some N-methyl containing xenobiotics e.g. aminopyrine and 

N-methylbenzamide.!@* 

N-Formylpentamethylmelamine (71) was active against both the 

M5 and PC6 tumours. However when sought for as an in vitro 

metabolite by g.c. analysis it was not found.226 

N-Hydroxylation is a process which some aromatic amines and 

amides undergo to produce electrophilic nitrenium species 

(e.g. N-methyl-4-aminobenzene) (scheme may 

a wa fi 7 HK OG Og OR + “OR 

Scheme 7.1 N-Hydroxylation of amides. 
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It is possible that PMM might be N-hydroxylated and then 

esterified to produce a potentially electrophilic species. 

N-Hydroxypentamethylmelamine (66) however produced no signi- 

ficant inhibition against the M5 tumour although it is reported 

active against the PC6 plasmacytoma.!%9 

aek NeN 24 4 6.6 
-Methylenebis(N,N,N,N,N- -pentamethylmelamine; 72) is 

synthesized chemically by reaction of HMPMM (37) with PMM (33) 

(Scheme 5.2) 

It is feasible that small amounts might be produced in vivo 

from this condensation. A small degree of activity was 

observed against the M5 sarcoma. 

In conclusion it appears that N-substituted-PMM compounds are 

in general active however none of those tested was more active 

than PMM itself (ather than the methyl substituted analogue, 

HMM). 
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7.5 A study of the activity of 2-substituted-4,6-bis 

(dimethylamino)-s-triazines against the M5 sarcoma 

The results for several series of 2-substituted-4,6- 

bis(dimethylamino)-s-triazines are reported in tables 7.4 - 

7.8. The optimal doses quoted are taken as those nearest 

to the LDyg values. 

X 

oe 

el 

  

  

                    

(CH3)yN N(CH) 

Compound x Abbre- Schedule Lp Lo Optimal] No. % . 
No. viation | (days) 10 50}dase Deaths! Inhi- 

mg/kg/ |Total |bitio 
day 

62 ~NH TMM aoe 154 180 160 fe S32 

64 -Cl CBOT ey, V35 270 160 aie 4 

67 -NHNHS HBOT 1-17 148 208 160 17, 22 

65 -N5 ABDT 1 at Gon | e729 bo |e a 

* day 24 

Table 7.4 Activity of 2-substituted-4,6-bis(dimethylaminao)- 
s-triazines against the M5 sarcoma.



  

  

  

  

                

N 

CH CH. 3y SS nC 3 

ie CH3 ‘Ch, 

Schedule LD, ,* | Highest* No. % Inhi-# 
x (days) dose deaths bition 

tested Total 

OH 
4 0. 1,3,5,7,9,11, 1, 

Lb Oy 13.15.47.13, ~200 200 10 oO 
; 21 

q ee 2,3,5,7,9115 | . 
GH 13,15,17,19, 300 300 Gg 0 

HH 

Of e304 95 le ; 
y)23,15,17,19, >300 300 in i 

OH Zh 
1,3,5,7,9,11 

N(CH) > 13115,17,19, |a150| 150 1) 70 Ba 10 

* mgkg” ‘2days~! E Day 24 

Table 7.5 Activity of the 2-sugar substituted-4,6-bis 

(dimethylamino)-s-triazines against the M5 sarcoma 
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NZ ~N 
CH, J sale LH, 

S N MS 
CH H3 

Schedule (days) LD, ,* | Highest | No. a nhi == 
R dose* | deaths | bition 

tested | Total 

-H Leos fac yey lo = o 14 
1517.19) 21 Pore 200 200 710 

o-NO Woo, Meo elte a 
= 2 15,17,19,21 x 2: >200 200 /10 LZ 

B-NO Dogs (yoy ll eo a 0 14 
2 15,17,19,21 . , 200 200 /10 

mCi } 1,355,239,12,13;, 5 
15,17,19,21 >200| 200 /10 14 

p-Cl Dy D's Cg Og bl gto = OQ 
15,17,19,21 4 “| 200 200 /10 L 

-1 -1 z 
*mgkg 2days day 24 

Table 7.6 Activity of the 2-substituted benzylidenehydrazino- 

4,6-bis(dimethylamino)-s-triazines against the 

M5 sarcoma. 

=o



  

  

  

              

LD,.* | Highest] No. % Inhi-? 
R SEHEGINS “GLEE? ac dose */| deaths | bition 

tested | Total 

-H oe laos > QO 14 isigigar | 2200) 200 | Pv 
o-NO Ly Osteo setts L 
— 2 Bete oy Le ~ 200 200 /10 6 15,17,19,21 
o-Cl Leos yoga tS > a 
= 15,17,19,21 ie 300 300 /10 2a 

* mokg~ '2days~' E day 24 

Table 7.7 Activity of the s-triazolo [4,3-a]-1,3,5-triazines 

against the M5 sarcoma. 

(CHIN 

(CH),N 

NZ SN \ R 

oe 
  

  

              

Highest | No. % Inhi-# 
R Sp euG mcs) Ge toe dose ,j|deaths | bition 

tested Total 

o-NO 1535977; 9,tl,135,15,) > a 4 
2 17,19,21 eee 200 200 /10 

o-Cl ae en ~300 300 lig 26 

* mgkg~ '2days~' E day 24 

Table 7.8 Activity of the s-triazolo [2,3-a]-1,3,5-triazines 

against the M5 sarcoma. 
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None of the 2-substituted-4,6-bis(dimethylamino)-s-triazine 

compounds tested were active except for the 2-amino compound 

(TMM) and those in table 7.3. Although TMM demonstrated 

significant activity at several dose levels, none of the other 

three compounds in table 7.4 showed the slightest activity 

even at lethal doses. 

In addition, 2-hydrazino- (HBDT; 67) and 2-azido-4,6- 

bis(dimethylamino)-s-triazine (ABDT: 65) were shown to be 

completely inactive towards the PC6 tumour (appendix 7.5). 

ABDT is very much more toxic than others in the series. Ross 

has demonstrated that, whereas the other three compounds in 

table 7.4 all generate stable carbinolamines after microsomal 

activation in vitro, ABDT generates an unstable carbinolamine 

176 tr this which rapidly decomposes to release formaldehyde. 

rapid production of formaldehyde occurs in vivo it might well 

explain the enhanced toxicity of the compound. 

The compounds in tables 7.5 - 7.8 were tested on the alternate 

day schedule, from days 1 - 21, which has been shown to be 

equivalent to the daily 1 - 17 schedule. The activity of HMM 

on this schedule is shown in table 7.5 for comparison. 

2-Sugar substituted-4,6-bis(dimethylamino)-s-triazines although 

Possessing the advantage of water solubility, were inactive 

at the doses tested (table 7.5 and appendix 7.6). The 2- 

substituted benzylidenehydrazino-4,6-bis(dimethylamino)-s- 

triazines (table 7.6 and appendix 7.7), intermediates in the 
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syntheses of the s-triazolo-1,3,5-triazines (tables 7.7, 7.8 

and appendix 7.8) were also inactive at the dose levels 

tested. Although few of these agents reached lethal levels, 

there were no indications of activity at the highest doses 

tested. 

The compounds in tables 7.4, 7.6 and 7.7 were also tested 

against the P388 leukaemia but were all found to be inactive 

(appendix 7.9). 

The complete inactivity of HBDT relative to TMM demonstrates 

that tight structural requirements for activity exist for 

this class of antitumour agent. 

Since previous studies have indicated that the abilities of 

these compounds to be demethylated may be related to their 

8 
antitumour activity” the metabolism of some of these compounds 

was investigated. 
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Chapter 8 Metabolism and cytotoxicity studies of 

analogues of hexamethylmelamine (HMM) 

Bed Introduction 

Studies by Cumber et ait*5 and Rutty et 0126 have already 

revealed that some 2-substituted-4,6-bis(dimethylamino)- 

s-triazines are demethylated in vitro. Although Cumber 

et alts considered no correlation existed between this 

parameter and antitumour activity in vivo against the PC6 

tumour, Rutty et a1.78 claimed the correlation was present. 

The above studies employed rat liver microsomes for the 

metabolic activations. Rass? 76 has recently performed 

demethylation studies with microsomes obtained from the 

livers of balb/c mice and the values of demethylation rates 

he obtained are recorded in table 8.1 and listed relative 

to HMM. Correlations with antitumour activity do appear to 

exist, however there are some very conspicuous exceptions. 

Whereas CBDT (64) undergoes demethylation as efficiently as 

either HMM or PMM, it is totally inactive in vivo-®. Also 

TMM demethylates only poorly and yet is almost as effective 

an antitumour agent as HMM or PMM in vivo. 7? 

To compare in vitro demethylation with in vivo antitumour 

activity is a very large step. Comparisons of in vitro 

demethylation with in vitro cytotoxicity and in vivo 

demethylation with in vivo antitumour activity seemed 

potentially more fruitful aims and it was considered that 

these might shed some light on the above discrepancies. 

8.2 The in vitro cytotoxicity of analogues of HMM 

The in vitro cytotoxicities of three methylmelamines (12,33,62) 
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which are active towards both the M5 sarcoma and PC6 

plasmacytoma were compared with those of TriMmM (70), 

CBDT (64) and HBDT (67) which are inactive against the 

same tumours. The PC6 plasmacytoma was used for the cyto- 

toxicity studies as the demethylation studies had been per- 

formed with livers obtained from balb/c mice, the host for 

this tumour. 

PC6 cells were incubated with the compounds in the presence 

or absence of liver microsomal activation. The results of 

these experiments are recorded in table 8.1 alongside the 

demethylation values. The incubation time in these experi- 

ments was 2 hours. 

  

  

  

                

Compound ad Antitumour % Inhibition of In vitro ° 
mM) Activity PC6 cells demethyl- 

M5 PC6 - Acti-|+ Acti- ation 
sarcoma] tumour | vation vation 

HMM 5 ae Q 37 100 

PMM 5 + hu Q >s9 98 

T™M 5 + ts Q 60 38 

Trimm 5 = =o Q 3 6 

CBDT 5 - - 63 96 113 

HBDT 5 - - 24 11 13 

HMPMM 5 + a >39 >39 

a + = Active; - = Inactive 

b Data of Rutty et al. 

c Data of Rass-/® (Rate relative to HMM) 

Table 8.1 Comparison of in vitro cytoxicity with in vitro 

demethylation for selected analogues of HMM 
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Several conclusions can be drawn from this data. Firstly 

it is clear that microsomal activation is required to 

produce significant toxicity over a 2h time course in vitro, 

the exception to this being CBDT which is apparently cyto- 

toxic before activation. The chloro group is reasonably 

labile and may be susceptible to substitution by bio- 

nucleophiles. Secondly the cytotoxicity produced upon 

microsomal activation correlates well with in vitro 

demethylation. Thus those compounds which demethylate most 

efficiently are the most cytotoxic. The anomalies remain 

however in that 'activated' CBDT is as cytotoxic as HMM 

after activation yet completely inactive as an antitumour 

agent in vivo whereas 'activated' TMM is not as cytotoxic as 

HMM yet is as effective as HMM in vivo. 

Either the carbinolamine or the formaldehyde generated may 

be responsible for this cytotoxicity. Ross has shown that 

all of these compounds form formaldehyde precursors (pre- 

sumably the carbinolamine) which are stable for a period of 

at least are 7s However the duration of these incubations 

was 2h and it is likely that both the carbinolamines and 

formaldehyde were present and thus both might contribute to 

the cytotoxicity. It is also probable that more than one 

carbinolamine will be represented if demethylation produces 

more than one desmethyl analogue. 

When HMPMM, the carbinolamine generated from HMM, was incu- 

bated under the same conditions it proved to be cytotoxic 
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without the need for activation (table 8.1) confirming 

the findings of Rutty et Bioe This was also the case 

for M5 cells incubated with the drug (table 8.2). Alsa 

using M5 cells the cytotoxicity of HMM upon activation 

was found to be dependent on the concentration of liver 

microsomes present. 

  

  

  

  

  

Conc.of | Conc.of rere 
Compound drug een % Inhibition of M5 cells 

(mM) (mg m1-1) - Activation | + Activation 

HMM 5: 200 16 58 
5 400 39 95 

2.5 200 = 99.9% 
balstsly 5 200 99.9%           
  

Table 8.2 Cytoxicity of HMM and HMPMM against the 

M5 sarcoma 

On the basis of these results and those of Rutty et alco it 

appears that HMM requires metabolism to exert appreciable 

cytotoxicity. Rutty et ale have shown that HMM is cyto- 

toxic towards PC6 cells only after very prolonged exposure 

to the drug (e.g. 72h). D'Incalci has recently observed a 

small degree of covalent binding when labelled HMM is incu- 

bated with PC6& tumour microsomes suggesting that these micro- 

somes may well have the ability to metabolize Hmm. +95 it is 

feasible that this small degree of microsomal activation may 

be responsible for the cytotoxicity of HMM over a prolonged 

paecu have demonstrated that the period. Rutty et al. 

desmethyl analogues of HMM when considered on an equimolar 

basis are less active in vivo and less cytotoxic in vitro 

than HMM itself. Thus production of the desmethylmelamines 
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is likely to be a deactivation process and it is improbable 

that they represent the highly cytotoxic species generated 

fram HMM. 

Therefore the cytotoxic species generated from the 

methylmelamines, as the demethylation values suggest, are 

almost certainly the formaldehyde precursors (i.e. compounds 

which decompose to release formaldehyde under certain con- 

ditions) and/or free formaldehyde itself. It is reasonable 

to conjecture that the same species are the ones responsible 

in_vivo for antitumour activity. 

8.3 The in vivo metabolism of analogues of HMM 

Since the cytoxicity of the methylmelamines correlated with 

the production of formaldehyde and formaldehyde precursors 

in vitro then it was of interest to see whether the antitumour 

activity might correlate with the production of these species 

in vivo. The three active methylmelamines and the three 

inactive analogues employed in the cytotoxicity studies were 

again used. Rutty etal! have previously investigated the 

levels of formaldehyde-containing species derived in vivo from 

HMM and TriMM but were unable to differentiate between free 

formaldehyde and its precursors or to show a marked difference 

between the two compounds in the total levels generated. 

Formaldehyde precursor species have also been reported in the 

Plasma of mice, rats and man after administration of pum. 27? 

An assay was required with the ability to differentiate 

between formaldehyde and its precursors. Two simple colori-~ 

metric assays are widely used for the determination of 
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formaldehyde. The Nash assay??? is specific for 

Formaldehyde, however assay conditions require heating at 

60°C for 20 - 30 min. whereupon moderately stable pre- 

cursors such as the carbinolamines of the methylmelamines 

are known to decompose, releasing their formaldehyde. 

Thus this simple assay would not differentiate between the 

two. Gescher Agee have devised a method whereby free 

formaldehyde may be removed from the system by enzymic 

oxidation before the assay is conducted, thereby leaving 

only the precursors of formaldehyde to be detected. An 

alternative to the Nash assay is the 3-methyl-2-benzothiazolone 

hydrazone (MBTH) test 78 This is an assay designed to detect 

water soluble aliphatic aldehydes. Ross has recently 

employed this assay to differentiate between formaldehyde and 

its precursors in the following mannert@2 At o°c the assay 

is capable of detecting formaldehyde almost as efficiently as 

it detects it at 60°C. Since the formaldehyde precursors 

derived from all six of the HMM analogues under investigation 

are known to be stable at 37°C for periods of up to th, they 

will certainly be stable at 0°C for the same time course.!7® 

Therefore if the assay reaction when conducted at O°C deter- 

mines no formaldehyde, then free formaldehyde is clearly not 

present. If then the assay when conducted at 60°C determines 

formaldehyde it may be presumed to originate from a precursor 

These principles are illustrated in fig. 8.1. The absorbance 

at 670 nm is used to monitor the product of the MBTH reaction 

with formaldehyde and this is shown to be proportional to 

standard amounts of formaldehyde or HMPMM added. 
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° ° Formaldehyde at 60°C 

@-——8 Formaldehyde at o°c 

Figs 6.2 Relationship between the absorbance at 670 nm of 

the product of the MBTH reaction and HMPMM and 

formaldehyde concentration 
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To investigate the levels of formaldehyde precursors and 

free formaldehyde in the plasma, balb/c mice were injected 

with 0.48 mmoles kg7! of the drugs. This value corresponds 

to 100 mg al ror HMM. At various time points blood was 

obtained from the mice by cardiac puncture and the levels 

of formaldehyde in the plasma were determined at o°c and 

60°C by the MBTH assay. The plasma levels obtained for the 

six compounds assayed are recorded in table 8.3. and illus- 

trated in figs. 8.2 and 8.3. Only those levels of 

formaldehyde detected at 60°C are illustrated since no sig- 

nificant levels here found when the assay was conducted at 

o°c. This would imply that there are no significant levels 

of free formaldehyde generated by these compounds present 

within the plasma. Thus the levels are 60°C are taken to 

correspond only to formaldehyde precursors. From fig.8.2 and 

table 8.3. it can be seen that the peak levels and total area 

under the curve values of the formaldehyde-containing meta- 

bolites of the three active methylmelamines are higher than 

those of the inactive analogues (appendix 8.1). The assumption 

is made that the precursor releases one mole of formaldehyde 

  

  

  

              

only. 

: ae Levels of formaldehyde 
Dose Antitumour Activity precursors 

Gompoundi |i a PCG Peak level] AUCH 
9k9 sarcoma | tumour (nmoles ml~1)(nmoles ml~ x min 

HMM 100 a7 + 111 (73) {14,580 (7 3,330) 

PMM 93 = 243 (427) 21,300 (= 6,300) 

T™M 86 + 101 (415) 7,530 (= 3,121) 

Trim ao es . 51 (418) 3,060 ¢ * 93) 
CaDT 96 S S 16 (426) 96 ( = 276) 
HBDT 94 = 3 33 (2.9) 3,540 ( + 810) 

a + = Active; - = Inactive 

b AUC = Area under the curve (7 s.d.) 

Table 8.3 Plasma levels of formaldehyde precursors generated 
by the analogues of HMM 
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Fig. 8.3 Plasma levels of formaldehyde precursors 

generated by the analogues of HMM 
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It is likely that the formaldehyde-containing species 

being detected for each compound represent a range of 

metabolites. For instance, HMM within a 1h period is known 

to be demethylated to at least N¢N¢dimethylmelamine (scheme 

oe thus via a minimum of four different carbinolamines 

(or perhaps conjugates). Nothing is known of their relative 

cytotoxicities or stabilities or whether one might be specific 

for antitumour activity. The assumption is also made that 

these precursors all act similarly under the conditions of the 

MBTH assay. In support of this Ross has previously demon- 

strated that all of these compounds generate formaldehyde 

precursors which are stable at 37°C in solution yet decompose 

at 60°C to release their formaldehyde.! 7 

To confirm that formaldehyde would be detected at o°c if 

present, a series of control experiments were performed. 

Formaldehyde and HMPMM were separately added to either plasma, 

Earl's buffer or Earl's buffer with bovine serum albumin 

(8.S.A.) added (7 g/100 ml). The last solution was used to 

mimic the protein levels in plasma. The determination of 

formaldehyde from these two compounds in these solutions is 

indicated in table 8.4 and values are shown relative to the 

values obtained from Earl's buffer. 
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concn Amount formaldehyde determined (%) * 

compound |) | Gaede | Eaetle barter| eieam 
ofc |. 607e) ofc jeurc jo%c eo%c 

Formaldehyde | 300 1oo} 100 a9 89 79 78 

HMPMM 300 N 100 N 47 Nv 63                 

* Values relative to those determined in Earl's buffer 

N Negligible amount 

Table 8.4 Recovery of formaldehyde and HMPMM from various 

solutions as indicated by the MBTH assay 

Recovery of formaldehyde from either plasma or Earl's Buffer + 

8.S.A. proved to be less efficient than from Earl's buffer 

alone. These differences though were relatively small 

compared to those for the recovery of HMPMM from these solu- 

tions. The values of HMPMM (as measured by the amount of 

formaldehyde in the molecule) assayed in Earl's buffer + 8.S.A. 

were markedly reduced suggesting possible protein binding 

which may also be the case in plasma. These controls indicate 

that formaldehyde is detectable at 0°C and also that the 

formaldehyde precursor levels obtained in vivo may well rep- 

resent an underestimate of the actual amounts present. 

With these qualifications in mind, several conclusions may 

tentatively be drawn from these experiments. Firstly, it is 

clear that there are no detectable levels of formaldehyde 

present within the plasma after administration of these 

compounds. Therefore it seems likely that formaldehyde may 
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only play a part if it is released from the formaldehyde 

precursors in situ at the tumour target. Secondly the 

levels of formaldehyde precursors generated from compounds 

active towards the PC6 and MS tumours in vivo are markedly 

greater than those produced from the inactive compounds. 

Since the in vitro demethylation studies indicate these may 

well be the species responsible for in vitro cytotoxicity 

then it seems likely that they may also be responsible for 

the antitumour activity. This would explain why CBDT is 

inactive in vivo since only low levels of these metabolites 

appear in the plasma. However only a qualitative correlation 

can be claimed since PMM produces anomalously high levels of 

these species compared to either HMM and TMM yet possesses 

similar antitumour activity. Although PMM proceeds through 

a metabolic pathway analogous to HMM in vivo differences are 

known to exist. For instance, Colombo et al. have recently 

found an as yet unidentified conjugation product of PMM which 

has not yet been observed for HMM. It is feasible that these 

minor differences in metabolism may account in some way for 

the anomalously high values of formaldehyde precursors obtained 

from PMM. 

On the basis of these results it is suggested that for a 

methylmelamine to be an antitumour agent it should have the 

ability to produce marked levels of formaldehyde precursors 

in_ vivo which are moreover bioavailable to the tumour. In 

vitro demethylation appears to be a useful indicator of the 

cytotoxicity of these metabolites but this is not the only 

Parameter which will determine activity in vivo. 
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Thus the formaldehyde precursors deserve further study to 

elucidate their exact nature as they are eminently 

favourable candidates for the active species produced from 

the methylmelamines. Whether they are carbinolamines, 

conjugates of carbinolamines or some other species remains 

a matter of controversy. Furthermore the relatively greater 

plasma levels of these compounds derived from PMM in compari- 

son to TMM without a consequent increase in antitumour acti- 

vity might indicate that some are less important than others. 

Although not found in the plasma the role of formaldehyde 

cannot be discounted since these molecules are obviously 

capable of releasing formaldehyde under appropriate conditions. 

The role of formaldehyde is investigated further in the | 

following section. 

8.4 The antitumour activity of formaldehyde 

Formaldehyde has been shown to be cytotoxic to tumour cells 

in vitro 2$»100 It is implicated in the mechanism of action 

of HMM and so experiments were conducted in order to investi- 

gate its antitumour activity in vivo. Its activity towards 

several murine tumours is reported in table 8.5 and in 

appendix 8.2. Significant activity was demonstrated against 

the ascitic tumours including the P388 leukaemia and Sarcoma 

180 (ascitic form) but not against the L1210 leukaemia or 

816 melanoma. Indeed cures (no evidence of tumour on day 60) 

were obtained against the Sarcoma 180. 
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Schedule Optimal | Toxic % No. 
TUnoue te icet ce ag ego Deaths TAG TEEeR Cures 

day~' Total Greniveat Total 

time 

Once daily 40 go, 35 a, 
10 10 

1-9 

BELEK. Twice daily = a z ry 
leukaemia tog 10 10 

Three times a, a, 
daily 20 10 35 10 
1-9 

L1210 Once daily a QO 
leukaemia Vets 40 /i0 18 /i0 

816 Once daily 
40 a a a 

melanoma 1-9 10 10 

Twice daily 30 3/16 48 3/16 
Sarcoma 

180 15 30 0/8 41 3/8 

(ascitic Once daily O QO 
form) 1-5 35) /i0 a /i0 

Once daily o Oo 

jars a8 ‘io ge ‘10             
  

Table 8.5 Activity of formaldehyde against several ascitic 

(i.p.) tumours 

Significantly when tested against the Sarcoma 180 (i.m. solid 

form) and the M5 sarcoma (i.m. solid form) no tumour inhibi- 

tion was found. This would suggest that formaldehyde is only 

acting when it is placed in immediate contact with tumour 

cells such as in an i.p. drug/i.p. tumour situation. Thus 

cures are possible when formaldehyde is injected directly 
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upon Sarcoma 180 cells within the peritoneal cavity, 

however the drug would appear to be detoxified (by 

formaldehyde and aldehyde dehydrogenases) before it reached 

tumour cells implanted intramuscularly within the leg. 

Although cures were obtained by giving the drug twice a day 

for five days against the ascitic Sarcoma 180, if given once 

daily for the same time course then no significant increase 

in survival time was obtained. Again this implies that 

levels of the drug must be very high to effect significant 

tumour inhibition. 

To investigate further the ability of formaldehyde to 'travel' 

within a host, the following experiment was performed. M5 

sarcoma cells were implanted intramuscularly into the left 

legs of BDF, mice. Formaldehyde was then injected intra- 

muscularly into either the left leg (thus intratumourally) 

or the right leg (fig. 8.4 and appendix 8.3). Whereas tumour 

inhibition resulted when the drug was placed on top of the 

tumour cells, no effect was seen when the drug was injected 

at a distant site, i.e. the other leg. When the same experi- 

ment was performed with HMM (fig. 8.5 and appendix 8.4), 

identical inhibitions independent of the site of injection 

were elicited suggesting that HMM is not acting directly. 

This was further corroborated by an experiment employing the 

PC6 tumour wherein the tumour was implanted intramuscularly 

in the leg and HMM was injected by a variety of different 

routes (fig. 8.6 and appendix 8.5). The tumour inhibitions 

after a single injection of HMM (90 mg kg?!) were all very 
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similar except for the i.p. route which was slightly superior. 

This route indepedence and apparent lack of direct acting 

ability of HMM would imply either that the drug is extremely 

bioavailable to the tumour site in the leg or more likely 

that the drug requires metabolism in some organ (probably the 

liver) thus making the distribution of cytotoxic species 

almost independent of the injection site. 

In conclusion, therefore, formaldehyde clearly has the poten- 

tial to kill tumour cells in vivo. However if formaldehyde 

is the final acting metabolite of HMM then it must either be 

generated at the tumour site (i.e. by metabolism) or brought 

to the tumour in some disguised form as a formaldehyde pre- 

cursor. 
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Chapter 9 A structure-activity relationship study of 

N-methylformamide (NMF) 

961 Introduction 

Clinical trials with N-methylformamide (NMF; 13) are currently 

being conducted to ascertain whether this chemical solvent will 

find use as an antineoplastic agent. The apparent simplicity 

of the NMF molecule suggested that it might be an attractive 

model compound with which to determine a structure-activity 

relationship. The interpretation of its mode of action is 

uncomplicated by chemical instability (as is the case for 

molecules such as DTIC) and it was hoped that it might be 

suitably simple to unravel the N-methyl conundrum. Indeed 

formamide (F; 40) and NMF (13), alongside N-hydroxyurea (82) 

must surely represent the simplest organic molecules possessing 

antitumour activity if formaldehyde is excluded. 

R Hor} 0H 
\ a St 
fH H 

(13) R= CH, (82) 

(40) R =H 

The importance of the N-methyl group was investigated by 

varying the substituents aon the nitrogen atom and examining 

the effect this had on the antitumour activity. The require- 

ment af the formyl moiety was also examined by studying 

acetamide- and urea- type analogues. 
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Prior to investigating the structure-activity requirements 

of these molecules, the schedule dependency of NMF against 

the M5 sarcoma was assessed. 

See Schedule dependency of NMF 

A total dose of 2000 mg kg7 | NMF was administered to BDF, 

mice implanted with the MS sarcoma by a variety of different 

schedules. The results are given in table 9.1 and appendix 

9.1 and three of these schedules are illustrated in fig. 9.1. 

The most effective schedules were those wherein the total 

dose was split into the longest chronic schedules e.g. A and D. 

  

  

              

Dose Total % 
Schedule Days of injection mg kg” day7 | dose 7 aia 

mg kg 

A d- 2S oo 2000 82 

8 1-10 200 2000 75 

c 1-5 i= 15) 200 2000 76 

D LG Oya pg took Ole 220 2000 80 
ake) 

E 1,5 oy tog? 400 2000 75 

Fi Lo= 5 400 2000 47 

G ol 667 2000 60 

H io 1000 2000 52 

. dds 1000 2000 56 

J _ 1000 1000 35 

* On day 25 

Table 9.1 Schedule dependency of NMF against the M5 sarcoma 

Intermittent high dose schedules e.g. H and I were clearly 

inferior and moreover produced greater weight losses. Thus 
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Fig. 9.1 Schedule dependency of NMF against the MS sarcoma 
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Fig. 9.2 NMF against the M5 sarcoma (On/off schedule) 
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a chronic daily schedule aver 17 days was adopted for the 

general screening of the formamides. 

NMF on a 5 day on/5 day off schedule over 60 days (fig.9.2 

and appendix 9.2) produced long term tumour inhibition with 

no weight loss. 

PE Studies of the activity of the N-substituted 

formamides against the M5 sarcoma and Sarcoma 180 

The results of a series of formamides tested against the M5 

sarcoma are given in table 9.2, appendix 9.3 and illustrated 

in figs 9.3 and 9.4. In the N-alkylformamide series the only 

markedly active compound of those tested was NMF itself. 

  

  

                    

R Q v 

a N 7 H SR 

Sched- a ajOptimal| % b [Compound | Name R R/ ae LD | LOsp ae Tnhi- 

No. (days) bition 

13 NMF CH H l= 17 220 300 200 100 

40 rs H H dean 27. 200 270 200 63 

41 DMF CH CH SH Le Oe eo 1000 60 

43 NEF CoH. H = 17 320 420 300 ao 

83 HMF CH, 0H H To= 17 | 1580, | 1950 1500 63 

ah ee cue et ers a2 17) | szon|eseo leon 24 

D_ for optimal dose (day 24) a_ mg kg” ‘day7! 

Table 9.2 The activity of N-alkyl and N-hydroxymethylformamides 

against the M5 sarcoma 
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F and NN- dimethylformamide (DMF; 41) were both capable of 

eliciting tumour inhibition whilst N-ethylformamide (NEF; 43) 

was completely devoid of antitumour activity. This inactivity 

of the N-ethyl analogue again parallels the findings for the 

98,106: 
: ethyl analogues of HMM the dimethyltriazenes>- and 

4,20 
procarbazine. It is interesting that F retains activity, 

albeit low in comparison with NMF, since the desmethyl ana- 

327 and also melamine 98,106 logue of procarbazine, are 

reported to be completely inactive against all tumours upon 

which they have been tested. However it should also be 

pointed out that whereas NMF demonstrates good activity 

against the TLX5 lymphoma, F is inactive against the same 

Lig 179,180 
tumour. OMF is thought to be metabolized to NMF and F 

and production of the former in vivo may well account for the 

marginal activity obtained against the M5 tumour. 

These N-alkylformamides were also tested against the Sarcoma 

180 (table 9.3, fig. 9.5 and appendix 9.4). The results are 

in good agreement with those obtained by Clarke et a1 28 

Overall the tumour is very much less sensitive to these 

compounds than is the M5 sarcoma, with both NMF and F producing 

a low degree of activity, whilst DMF and NEF are inactive. 

The difference between F and DMF is interesting since they are 

able to evoke similar optimal responses against the M5 

sarcoma. One might speculate that if the activity of DMF 

is due to metabolic generation of NMF, then it is inactive 

against the Sarcoma 180, because NMF itself is only able to 

elicit marginal activity against this tumour. 
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Compound | Name R R/ | Sched-| LD LO., Optimal % = 
ule oA “1 dose Inhi- 

No. (days) mgkg_,/mgkg_,|mgkg_, | bition 
day day day 

  

13 NMF CH, Hj/1-9 313 370 300 52 

40 F H H}1-9 320 400 300 47 

43 NEF CoH. H/1i-9 435 600 400 23 

41 DMF CH cH 1-9 1040 1230 1000 Q                       
* For optimal dose (day 16) 

Table 9.3 The activity of N-alkylformamides against the 

Sarcoma 180 

Gescher et ei cee have investigated the effects of both NMF 

and NEF against TLX5 lymphoma cells in vitro and shown them to 

be equally cytotoxic. In vivo NMF demonstrates marked activity 

against TLX5 cells whereas NEF is inactive.1?? This parallels 

the finding that monomethyl- and monoethyltriazenes are equally 

cytotoxic towards these cells and yet only the methyl compound 

38 goth NMF and NEF are metabol- is an antitumour agent in vivo. 

ized to F in vivo. However attempts to metabolize NMF in vitro 

by liver microsomes or by isolated hepatocytes have not yielded 

LTS: 
detectable levels of metabolites. NMF has also been shown 

to deplete hepatic non-protein thiols in vivo, an effect not 
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produced by NEF nor F.!19 This depletion may well be 

associated with the hepatoxicity and antitumour activity 

of the drug. 

Since a compound identified as F on gece. analysis has been 

found in the urine of mice treated with NMF, it is clear 

rg 
that NMF does undergo metabolism. A urinary metabolite 

has also been identified as a stable precursor of formaldehydet?? 

This suggests oxidative metabolism via a carbinolamide as in 

scheme 9.1. 

Scheme 9.1 Proposed metabolism of NMF 

The carbinolamide, N-hydroxymethylformamide (HMF; 83) was 

tested against the M5 sarcoma and demonstrated a degree of 

activity comparable with that of F and DMF. It was however 

markedly less toxic than either NMF or F in vivo as demon- 

strated by the LDig and LOey values (table 9.2). 

In vitro, HMF (30mM) is reported to produce an approximately 

4 log cell kill of TLX5 lymphoma cells when incubated for 2h 

at 37°C whereas NMF (<600mM) was without toxicity.??7 
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Similar results have also been obtained using human ovarian 

carcinoma celia. 1<! These results present a considerable 

paradox when considered against the in vivo data. 

When HMF is dissolved in aqueous solution and assayed by 

the method of Nash,>?” it is found to be contaminated with 

small amounts of formaldehyde." © It is unknown whether this 

formaldehyde arises from inefficient purification of the 

compound (since paraformaldehyde is a starting material in 

its synthesis) or whether HMF decomposes in aqueous solution 

to release formaldehyde (scheme 9.2). 

Q _LH)0H ? Q q 
CN —— C—NH, + 
HSH cae cea Ho 2 HOH 

Scheme 9.2 Possible decomposition of HMF 

Thus in incubations of the compound, the carbinolamide is not 

being examined solely per se since this highly cytotoxic 

contaminant is present. It is therefore difficult to make 

absolute statements concerning its cytotoxicity. 

HMF inhibits the incorporation of radiolabelled formate 

leucine, uridine and thymidine into the cellular macro- 

molecules of TLX5 cells. The inhibition of uridine incor- 

poration can be prevented by preincubation of the cells with 

semicarbazide, a result taken to imply that the inhibition 

127 
is caused by formaldehyde. However it is also possible 

that semicarbazide may react directly with HMF. 
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A simple in vivo test was conducted against the ascitic (i.p.) 

M5 sarcoma (table 9.4). HMF was compared with NMF and also 

  

  

              

Compound Dose _ Schedule } Mean death | T i * 
mg.kg_ 4 day Ceres ecu eh.) 

day 

NMF 250 1-9 33.6 = 4.8 131 31 

HMF 318 1-9 27.0 = 3.5 105 5 

F 19 1-9 27a 2031 106 6 

Formaldehyde 13 eg 31.6 * 3.6 123 23 

Control 25.6 - 3.2 100 

* I.5.T. = Increase in survival time of treated over control 

mice 

Table 9.4 NMF and potential metabolites against the ascitic 

M5 sarcoma 

with F and formaldehyde. Equimolar amounts of NMF and HMF 

were employed and the amounts of F and formaldehyde were 10% 

of these values. These last two were present to act mainly 

as controls for potential contaminants of HMF but they also 

represent metabolites of NMF. If HMF is indeed the active 

metabolite of HMF and is as cytotoxic as suggested by the in 

vitro incubations, then when injected i.p. directly into the 

same compartment as the tumour cells one might expect a 

greater cell kill than for NMF. Within this system NMF has 

the potential to be metabolized to its active form (if neces- 

sary), however if HMF were the active metabolite it is 

unlikely that levels as high could be achieved as might by 

direct injection of HMF. Although NMF barely produced sig- 

nificant activity against the ascitic form of this tumour, 
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it is clear that HMF was completely without activity and 

certainly not a highly cytotoxic species. 

Another i.p./i.p. tumour system against which both NMF and 

HMF have been tested is the i.p. P3868 leukaemia. NMF 

(optimal [.S.T. = 54%) again demonstrated a superior response 

to HMF (optimal I.S.T. = 27%) r81 

It thus appears that HMF is unlikely to be the active meta- 

bolite of NMF although it does appear to be formed in vivo. 

Cooksey et al. have suggested that its formation may represent 

a deactivation pathway of NMF metabolism.+>” 

N-Hydroxy-N-methylformamide (HMMF; 84) is a proposed inter- 

mediate of the metabolism of DMF to NMF. It is rather more 

toxic than HMF yet is completely without activity against the 

M5 sarcoma (table 9.2). Interestingly this compound is also 

130 
extremly cytotoxic to human avarian cells but again 

formaldehyde is present as a contaminant. 

9.4. Studies of N-methyl substituted acetamides and ureas 

against the M5 sarcoma 

A series of derivatives of acetamide and urea containing either 

a monomethylamino (table 9.5 and appendix 9.5) ora 

dimethylamino group (table 9.6 and appendix 9.5) were screened 

against the M5 sarcoma. All of these compounds were found to 

be inactive which might be interpreted as indicating the impor- 

tance of the formyl group. 
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\. 7 3 

yw NY 

x y Schedule Lb . Lo..* Optimal % Inhi- 
(days) 10 50 dose * bition 

Q CH5- qe Sk? 800 1240 600 Q 

Oo CF5- LEP 400-800 - 400 2) 

0 | CHNH- La LF 1730 2260 1600 34 

5 (CH3) N= = 19 450 720 400 5 

*- makg7 ‘day~" = day 24 

Table 9.5 Activity of urea and acetamide derivatives 

containing 4 monomethylamino moiety against 

the M5 sarcoma. 

xX CH 
ere EN 

Y ‘CH 
2 

; z 
x yi Schedule ||) e Lp..* | Optimal | % Inhi- 

(days) 10 50 dose * bition 

O | CH,- Pe? 900 1420 800 22 

QO (CH) 5N- Des 17 440 640 400 33 

5 H- 1-17 185 260 200 3 

s (CH) )N- 1-17 430 565 400 2r 

NH (CH) 5N- L = 17 107 142 100 0 

s makg™ ‘day~ = - day 24 

Table 9.6 Activity of urea and acetamide derivatives 

containing a dimethylamino moiety against the 

MS sarcoma. 
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It was thought that molecules such as N-methylacetamide (85) 

and N-methyl-trifluoroacetamide (86) might be so similar in 

size to NMF that they could retain some antitumour activity. 

Possibly unfavourable physicochemical properties or elec- 

tronic factors militate against this hypothesis. NN- 

Dialkylacetamides are known to produce a small degree of 

82 
inhibition against the adenocarcinoma 7552 tumour and on 

the basis of this NN-dimethylacetamide (89) was selected for 

183 
a phase 1 clinical trial. CNS toxicity with hallucinations 

oe It is known to induced by the drug led to its withdrawal. 

be metabolized to monomethylacetamide (85) and acetamide in 

vivo presumably following a pathway (scheme 9.3) analogous 

to the metabolism of DMR. ?? It is, however, quite inactive 

Bs ee ee 
iors N\A me CH3 CH; 

(89) (85) 

Scheme 9.3 Metabolism of NN-dimethylacetamide 

towards the M5 sarcoma. 

Two observations suggested that the N-methyl substituted urea 

structures might be of interest. Firstly NNN ‘N ‘= 

tetramethylurea (90) is active against the YPC-1 plasma cell 

184 tumour. In addition the compound undergoes N-demethylation 

185 to produce NNN/-trimethylurea. Secondly links exist 

between the methylated ureas, formamides and acetamides in 

-130-



their abilities to induce differentiation of Friend 

leukaemia cells in vitroleS to be teratogenic to rats and 

rabbits°” and to cryopreserve erythrocytes. +09 It is 

unknown whether any link exists between these disparate 

biological properties and antitumour activity. Soth the 

N-methyl substituted ureas (87,90) were inactive as were 

the substituted thioureas (88,92) and tetramethylguanidine (93), 

the last proving to be comparatively toxic. 

In conclusion, considering the inactivity of the above 

acetamide and urea type compounds, it would appear that the 

formyl moiety is one vital component for antitumour activity 

within the formamide molecule and that the alkyl substituents 

(R and R’) on the nitrogen atom might provide fine tuning of 

biological activity, optimal activity being achieved with NMF, 

ae 
wen 

Basic structure for activity against the M5 sarcoma. 
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Chapter 10 The Toxicology of N-methylformamide (NMF) 

10.1 Introduction 

As NMF had demonstrated convincing activity against several 

human tumour xenografts implanted in mice and also against 

Heh ePehy a clinical trial of several murine tumour models, 

the drug was initiated. As part of the preclinical investi- 

gations optimal dosing of the drug was determined and a 

detailed study of several aspects of its toxicity investi- 

gated. 

10.2 Lethal doses (LD, and LOz, values) 
  

Retrospective analyses of drugs which have been tested in 

humans suggest that mouse toxicological data alone without 

subsequent large animal toxicology is sufficient to predict 

useful starting doses of anti-cancer drugs in humans. 288 

Ideally the maximum tolerated dose i.e. 'the highest dose 

consistent with tolerable and reversible side effects at a 

given schedule in a specific population of patients' is 

approached in the clinical trial as rapidly as possible and 

this can be predicted approximately from a knowledge of the 

mouse LDig value. 68 In these experiments the choice of 

Toutes and schedules of administration was based on the 

C.R.C. phase 1 clinical trials requirements.!-— The Balb/c 

Mouse was selected as the murine strain since this was con- 

sidered to be a comparatively weak species thus predicting 

lower and therefore safer lethal values. Salb/c mice are now 

known to be more susceptible to the toxicity of NMF than 

either the CBA/ca or BDF, strains. 
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The acute LDi5 and Loe, values were determined for the 

intraperitoneal (i.p.), per os (p.o.), intramuscular (i.m.) 

and intravenous (i.v.) injection routes. The multiple dose 

LDig and LDe, values were also determined for a course of 

5 successive daily treatments. The results are tabulated 

in table 10.1 

  

  

    

Route | Schedule LD,, (mg kg7 ‘day~!) LD, (mg kg7 ‘day~") 

i.p.e day 1 only 600 2300 

p.O. day 1 only 2000 2700 

i.Ve day 1 only 900 1480 

i.m. day 1 only 2000 2700 

i.p. days 1 <5 380 490       
  

Table 10.1 The lethal dose values of NMF in Balb/c mice. 

Except for those mice which had received NMF by the i.v. 

route, the mice died after a period of several days during 

which time they progressively lost weight and ceased to groom 

themselves. After i.v. injection of a lethal dose of NMF, 

death occurred consistently within 5 minutes. 

If one compares the LDig values of NMF with those of some of 

  

  

  

          

LD, value (mol kg” day” /; ions) 
Agent a B 

Days 1 - 17 Day 1 only 

NMF 2.7 x 107° Mactan 
Methotrexate 5.7 x 107° - 

Adriamycin Beene - 

Cyclophosphamide - 1.37% 100" 

a - BDF, mice b - Balb/c mice 

Table 10.2 The lethal dose values of NMF relative to other 

antineoplastic agents. 
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the clinically employed antineoplastic agents (table 10.2) on 

the basis of moles kg” | of drug given, then it is clear that 

NMF is an agent of relatively low toxicity. 

10.3 Haematological toxicity - Introduction 

The majority of the currently employed antineoplastic drugs 

produce marked bone marrow suppression. This leads to 

leukopenia and thrombocytopenia which in turn increases the 

animal's susceptibility to infection and can allow internal 

bleeding to occur unabated. Therefore these manifestations 

of toxicity have to be carefully monitored in patients 

Teceiving anticancer drugs and for many haematological 

toxicity proves to be dose-limiting. 

In the early clinical report of the hepatotoxicity induced by 

NMF, no haematological toxicity was observed in the patients 

monitored.?+8 Anglesio et al., in a study of certain toxic 

effects of antitumour agents in rats, determined the white 

blood cell counts after a single chronic schedule of NMF 

u oe No difference in the count (150 mg kg day for 5 days). 

was observed between the first and the last days of treatment. 

Rather disconcertingly however a similar result was obtained 

with methotrexate. 

Absence of haematological toxicity is a very desirable attri- 

bute of an antitumour agent. If, during a course of treatment, 

therapy is delayed until complete marrow recovery has taken 

Place then tumour cells will be allowed to proliferate 

unchecked. 
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A non-marrow toxic agent might usefully be employed at this 

stage. Therefore since this toxicity, or lack of it, is of 

considerable importance to the potential use of the drug in 

the clinic, investigations were conducted into the effects of 

NMF on the levels of peripheral blood cells. 

10.4 Peripheral blood counts in mice after treatment 

with NMF 

White blood cell, erythrocyte and platelet counts were moni- 

tored after injection of large single doses of NMF. The acute 

=A 
Lda, (800 mg kg ; isp.) and LO,, (2300 mg kg?) i.p.) doses 

were chosen since any change if present should be very obvious 

at these levels. Cyclophosphamide and CCNU at their acute 

41 
Loo, values (320 mg kg. and 4O mg kg7! respectively) served 

as positive controls. Solvent controls were also used. 

The white blood cell counts are tabulated in appendix 10.1 

and illustrated in figs 10.1.a and 10.1.b. Whereas both 

cyclophosphamide- and CONU- treated mice demonstrated 

pronounced leukopenias with nadirs of peripheral white cells 

at about day 4 after injection, NMF produced only a slight 

depression at its LOG value which returned to normal by day 4&. 

At the Ldi5 dose no change from the control value was seen 

suggesting that the drug produced no significant leukopenia. 

Figs 10.2.a and 10.2.b (appendix 10.2) show the platelet counts 

for NMF and again no fall was seen. Both CCNU- and 

cyclophosphamide- treated mice showed a small but significant 

change compared with the control values (fig. 10.2.6). 
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Fig. 10.1(a) Peripheral white blood cell counts (7 s.q.) 

of mice (balb/c) treated with a Single injection 

of NMF Esa
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Fig. 10.1(b) Peripheral white blood cell count (= gcd) of 

mice (balb/c) treated with cyclophosphamide 

or CCNU 
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Fig. 10.2(a) Peripheral platelet counts (2 s.d.) of mice 

(balb/c) treated with a single injection of NMF.
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Fig. 10.2(b) Peripheral platelet counts (* s.d.) of mice 

(balb/c) treated with cyclophosphamide or CCNU. 

-139-



None of these agents produced any significant change in 

the erythrocyte counts. These are given in appendix 10.3. 

To ensure that there were no changes over a longer period, 

the blood elements were monitored over a 4-week time course. 

Chronic schedules of NMF dosing were also investigated. As 

seen in appendices 10.4 - 10.6 no significant changes other 

than those demonstrated for the positive controls within the 

first week were observed. 

These results indicate that NMF is not bone marrow toxic in 

this strain of mice even at lethal dose levels as manifested 

by normal peripheral blood counts. Preliminary results from 

current clinical trials with the drug confirm that this 

ao This lack of bone marrow finding extends to humans. 

toxicity is of great relevance to the potential use of the 

drug. If the drug is found to be of use in the treatment 

of a particular tumour then it might be added, with effect, 

to a combination which possesses myelosuppression as the 

dose limiting toxicity. The proviso is that the other drugs 

would have to lack hepatotoxic potential and also that the 

hepatotoxicity of NMF would not interfere in a detrimental 

manner with their metabolism and consequent effectiveness. 

Alternatively the drug might find use in patients who have 

pre-existing abnormal bone marrow function as is often the 

case after prior chemotherapy or radiotherapy. 

10.5 Hepatotoxicity of NMF in mice 

The first clinical trial of NMF in man drew the conclusion 
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that hepatotoxicity might prove to be the dose limiting 

toxicity for this agent?+8, Hepatotoxicity has been demon- 

poe ee treated with strated also in both rats and dogs 

NMF. Since the potential of the drug as a constituent of 

combination chemotherapy was to be examined it was of interest 

to know at which doses NMF demonstrated hepatotoxicity in mice. 

There are many methods available for the evaluation of liver 

function. The measurement of levels of specific enzymes in 

the plasma or serum are the most widely performed liver 

function tests. The levels of three enzymes, sorbitol 

dehydrogenase (SDH), alanine aminotransferase (ALT) and 

aspartate aminotransferase (AST) were studied for the following 

reasons. SDH is an example of an enzyme with a high degree of 

organ specificity; significant quantities of the enzyme are 

found only in the liver, whereas it is barely detectable in 

normal plasma and other organs.2?# Thus an elevation in the 

plasma may be taken to be indicative of liver damage. 

Secondly Lundberg et al. have recently demonstrated a corre- 

lation between elevated serum levels of SDH and histo- 

pathological damage in rat livers after treatment with DMF and 

net? - ALT and AST were chosen since they are two of the 

most widely used liver function markers and levels of both 

have been shown to be increased in the sera of man and dog 

after treatment with nF .225,193 

Female BDF, mice were administered NMF over either a chronic 

10 day schedule or as a single acute injection. Plasma 

altt—



enzyme levels were monitored at various time points after 

administration of the drug and the results are illustrated 

in figs 10.3 - 10.6. (appendices 10.7 - 10.10). 

Levels of SDH after a single injection of NMF are depicted 

in fig 10.3. At doses of 400 mg kg~’ or less no elevation 

of this enzyme was observed while at doses of 800 and 1200 

mg kg”! marked increases in levels were observed after 24h. 

Maximum levels were achieved between 24 and 48h post 

injection. After a chronic 10 day schedule SDH levels were 

monitored at various time points after the final injection 

(fig 10.4). Elevated levels were observed at 400 mg kay! 

but not at 200 mg kg7 ALT and AST levels after a chronic 

10 day schedule are illustrated in figs 10.5 and 10.6. At 
4 

400 mg kg” ‘day~ ALT levels rose in parallel with the SDH 

levels whilst AST levels were only slightly raised. At 

4 
200 mg kg7 ‘day7 both ALT and AST levels were identical to 

control values. 

Balb/c mice (acute LD, ,= 800 mg kg7") are markedly more 

4 
) 

to the lethal effects of NMF. While Balb/c mice demonstrate 

susceptible than BOF, mice (acute LD, = 2200 mg day 

normal plasma levels of enzymes at 24h after injection of 

i NMF, at 150 mg kg”! elevated levels of SDH 100 mg kg” 

(199-fold), ALT (166-fold) and AST (37-fold) were found. 

Thus it is feasible that Balb/c mice are more susceptible 

due to the onset of hepatotoxicity at lower doses in this 

strain. 

-142-



  

  

  

Time (h) post injection 

X----4 4 

a——+ 

$a 

e-----0 

v v   

1200 mg kg~ |) NMF 

goo 

400 
200 

Saline control 

Fig 10.3 Plasma levels of sorbitol dehydrogenase (SDH) in 

female BOF, mice after a single injection of NMF. 
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Fig 10.4 Plasma levels of sorbitol dehydrogenase (SDH) 

in female BOF , mice after a chronic (10 day) 

schedule of NMF. 
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(AST) in female BDF, mice after a chronic 

(10 day) schedule of NMF 
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Fig 10.6 Plasma levels of alanine aminotransferase in 

female BDF, mice after a chronic (10 day) 

schedule of NMF. 
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From the schedule dependency study of NMF against the M5 

sarcoma (table 9.1) it was concluded that chronic low dose 

schedules are therapeutically superior to high dose acute 

treatments. From table 10.3 it is also apparent that larger 

total doses of the drug may be administered without subsequent 

hepatotoxicity if a chronic schedule, as opposed to an acute 

treatment, is employed. These considerations contributed to 

  

  

Schedule LDi5 Minimum Total dose 
days of 24 “1 hepatotoxic to render 
injection] mg kg day dose “1 ae hepatotoxjcity 

mg kg day mg kg 

ZL 2200 800 800 

1-10 485 400 4000         
  

Table 10.3 Relationship of lethal dose levels to hepatotoxic 

levels in BOF, mice. 

the rationale for testing this agent on a chronic alternate 

day schedule in the phase 1 clinical trial conducted in 1982 

at the Charing Cross Hospital in London. 

Since low dose chronic schedules appear to result in optimal 

antitumour activity yet reduced hepatotoxicity this may be 

an indiestion that the two effects result from separate events. 

Further evidence that this may be so is provided by the 

observation that in some studies DMF was found to be as 

hepatotoxic as NMF in both rate? a and mice yet is very 

markedly less active than NMF if active at all (chapter 9) 

against murine tumours. 
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Chapter 11 N-Methylformamide (NMF) in Combination Chemotherapy 

ee Introduction 

Two combinations containing NMF were studied. The first, 

that of cyclophosphamide and NMF, was designed to utilize the 

lack of bone marrow suppression of NMF. The second combination 

tested was that of HMM and NMF. Stevens has suggested that 

dissolution in NMF may be a useful formulation for poorly 

130 
water-soluble antitumour agents. HMM which is too water- 

insoluble to be administered by the i.v. route was thus studied 

in combination with NMF in which it is more soluble.!76 Since 

this was only a preliminary experiment to determine whether 

the combination might be effective, the two drugs were admini- 

stered separately. 

112 The combination of cyclophosphamide and NMF 

As with other alkylating agents the major toxicity of 

cyclophosphamide is against the bone marrow and especially 

towards the white blood cell precursors.+?” Since NMF 

apparently does not possess this toxicity it seemed possible 

that 'therapeutic synergism' might be achieved in a combination 

of these two agents. Venditti? 9° has defined therapeutic 

Synergism as being 'the effective combining of agents to 

Produce an improved therapy' and thus if a greater antitumour 

response could be obtained by the combination without any 

increased bone marrow toxicity then a synergistic effect would 

have been demonstrated. 
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An experiment was designed in which mice with M5 tumours 

received a single injection of cyclophosphamide, 12 days 

after implantation of the tumour. Three days later when 

the marrow cells and colony forming units were known to be 

particularly sensitive tao treatment, !?? a 10 day schedule 

of NMF injections was initiated. White blood cells, plate- 

lets and tumour volumes were monitored. Combinations of the 

two drugs were compared with the single agents given alone 

and also with a two injection schedule of cyclophasphamide, 

the second being administered 3 days after the first. Tuo 

doses of cyclophosphamide were selected, the LD 

4 

10 and half 

and 160 mg kg”! respec- 

4 

the LD,, values (i.e. 320 mg kg” 

tively) and the dose of NMF chosen was 200 mg kg” ‘day~ for 

10 days which corresponds to approximately half the LOI, 

value. Thus the treatments compared were those shown in 

table 11.1. 

White blood counts, tumour volume measurements and platelet 

counts are illustrated in figs. 11.1 and 11.2 and recorded 

in appendices 11.1 - 11.3. 

In the white blood count determinations, NMF alone (schedule 

C) produced no change from control values whereas 

cyclophosphamide alone at either its LDj4 value (schedule A) 

or half LDi4 dose (schedule 8) produced a precipitous fall. 

When NMF was combined with cyclophosphamide (schedules D and 

E) no reduction resulted over and above that induced by 

cyclophosphamide alone. Repeat treatment with cyclophosphamide 
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treated with the Cyclophosphamide/NMF combination 
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(schedule F) extended the leukopenia induced by the 

initial treatment. The depression induced by schedule F 

is also greater than that induced by either schedules A 

or 8 Crige, dvd). 

The delay time to reach the arbitrary mean tumour volume 

Of 3.5 cm? was used to compare the tumour volume inhibitions 

of these schedules. These values are recorded in table 11.2. 

Consideration of the delay times indicate the most promising 

schedules to be the combination treatments of D and E. Both 

of these were superior to A, 8 or C. The repeat 

cyclophosphamide treatment (schedule F) produced a useful 

inhibition, but it was still inferior to either of the combi- 

  

  

  

nations. 

Schedule | Time to reach 3.5 em? % Increase in delay time 
(days) 

A 40.4 102 

B 35.6 78 

Cc 34.7 74 

D 49.8 149 

E 46.8 134 

5 42.3 112 

G 20.0 -         

Table 11.2 Comparison of the tumour volume delay times for 

the different schedules employed in the 

Cyclophosphamide/NMF combination experiment 
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The platelet counts were not influenced by the adminis- 

tration of the drugs except for a slight rise induced by 

NMF at the end of its chronic schedule. 

Several points may therefore be made. Firstly treatment 

with NMF initiated 3 days after treatment with high dose 

cyclophosphamide produced no increased leukopenia over and 

above that of the cyclophosphamide treatment alone. However 

an improved antitumour effect against the M5 sarcoma was 

observed. Secondly a repeat injection of cyclophosphamide 

3 days after the first results in an extended leukopenia 

and yet does not produce as potent an antitumour effect as 

the addition of NMF to the initial injection of 

cyclophosphamide. Thirdly whereas treatment with 

i killed one mouse out of ten cyclophosphamide at 320 mg kg” 

animals, treatment with the same dose of cyclophosphamide 

Plus NMF at 200 mg kg?! for 10 days did not result in any 

deaths suggesting that the mortality for the combination is 

no worse than for cyclophosphamide alone. 

The plasma levels of the enzymes SDH, ALT and AST after 

treatment of the combination were also examined in order to 

determine whether the combination of drugs possessed 

hepatotoxicity over and above that of NMF alone. Results 

are tabulated in appendix 11.4 and no elevations relative to 

control values were observed. This indicates that the combi- 

nation is not hepatotoxic at these dose levels. It is 

feasible that if the two drugs were used in combination in 

Patients that the hepatotoxicity of NMF might interfere with 
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the metabolic activation of cyclophosphamide. Although 

a possibility it has not prevented potential hepatotoxins 

200 201,202 
such as methotrexate or 6-mercaptopurine being 

used in combination with cyclophosphamide. 

In conclusion, since an increased antitumour response was 

obtained without a concurrent increase in bone marrow 

toxicity or overall hepatotoxicity, the combination of 

cyclophosphamide and NMF may be said to be synergistic. 

11.3 The combination of HMM and NMF 

The combination of HMM and NMF was also investigated. HMM 

almost certainly requires metabolic activation (chapter 8) 

and this process occurs primarily in the liver. Therefore 

there is a possibility that the biochemical processes 

leading to the hepatotoxicity of NMF interfere with the 

metabolism of HMM. A preliminary experiment was conducted 

to investigate this factor. 

Mice were first treated with NMF for five consecutive days 

at doses of 400 or 200 mg kg? ‘day7". The livers of these 

mice were removed and their ability to demethylate HMM and 

aminopyrine, as measured by the production of formaldehyde, 

examined. The results are shown in table 11.3; values are 

given relative to the ability of saline treated livers to 

demethylate the substrates. 
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NMF pretreatment at a level of 400 mg kg” ‘day7" for 5 days 

reduced the ability of the liver (10,000 x g supernatant 

fraction) ta demethylate HMM, however at the dose of 

200 mg kg” ‘day~! over 5 days, no difference from control 

values was observed. Little effect upon aminopyrine 

metabolism was observed at either of these doses. Therefore 

in_vivo NMF at high doses may well reduce the rate of HMM 

metabolism. It is not yet known whether this would be 

disadvantageous or not. 

Whereas myelosuppression is clearly the major toxicity of 

cyclophosphamide, neurological and gastrointestinal toxicities 

as well as myelosuppression’© all represent toxicities of HMM 

which may be dose limiting in a particular patient. Therefore 

in the combination experiments, in the absence of any single 

suitable parameter, mortality was chosen as the end point of 

toxicity and compared with the antitumour response obtained 

against the M5 sarcoma. 

In table 11.4 (appendix 11.5) the results of a series of 

treatments of NMF alone, HMM alone and various combinations 

of the two drugs tested against the M5 sarcoma are summarized. 

Mean tumour volume inhibition as measured by the delay time 

to reach 3.5 cm? was used. Taeentnbes of deaths attributable 

to the toxicity of the treatment is recorded. Comparison of 

treatment A which was toxic, with a very large weight loss, 

with say schedules J and K where no deaths occured shows that 

the two combinations (J and K) elicited a slightly better or 
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equal antitumour response with less toxicity. Similarly 

treatment G is about the optimal non-lethal schedule for 

HMM alone whereas a combination such as kK produces a superior 

response. Comparison of schedules O and G however demonstrate 

that the degree of synergism is very small and the effects are 

little more than additive; such a combination is unlikely to be 

clinically useful. 

It is not possible to say whether the hepatotoxicity of NMF 

influenced the antitumour activity of HMM in this experiment. 

The responses af the combinations compared to the single 

agents was not very marked which might have resulted if there 

had been interference of the metabolism of HMM by NMF. 

Alternatively it is possible that the two agents possess a 

similar mode of action and thus the overall antitumour effect 

would only be expected to be additive. 
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CHAPTER 12 Comparison of the antitumour activity and 
  

metabolism of hexamethylmelamine (HMM) and 
  

N-methylformamide (NMF) 

Although both HMM and NMF possess a requirement of a methylamino 

group for optimal antitumour activity (sections 7.3 and 9.3) 

it is not at all certain that they exert antineoplastic activity 

by a similar mechanism. 

The two agents share both similarities and dissimilarities 

with respect to their antitumour activity. Both agents are 

very much more effective against human xenografts implanted 

in mice than they are against murine tumour modeveertaen@ nue 

In both cases the ethyl analogues (HEM and NEF) are inactive 

against all murine models tested (sections 7.3 and 9.3, ref. 

98) and both HMM and NMF exert optimal activity against murine 

tumours (such as the M5 sarcoma) when administered on a chronic 

as opposed to an acute schedule (sections 7.2 and 9.2). 

However while melamine, the homologue of HMM devoid of methyl 

groups, is inactive against the M5 sarcoma and Sarcoma 180 

models (section 7.3 and ref. 9.8), formamide, the desmethyl 

analogue of NMF, retains a small degree of activity against 

both of these systems (section 9.2). Also DMF, the N-methyl 

analogue of NMF, might be expected to be as active, if not 

more so, than NMF if a mechanism analogous to that of HMM 

were operating. O6rindley has postulated that differences in 

Bioavailability may account for the inactivity of these 

207 
analogues. The AUC values in the plasma for HMM and NMF 

are greater than those for HEM and NEF and DMF respectively 
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after administration of equimolar doses of these ronpoundss aa 

Thus the preference of the methyl over that of the ethyl 

moiety for antineoplastic activity in these agents may be 

at least partially based on pharmacokinetic reasons. 

Important differences in metabolism are found between HMM and 

NMF. 

In vitro HMM readily undergoes N-methyl hydroxylation upon 

incubation with liver microsomes and this process results in 

an increase in cytotoxicity towards tumour cells (section 8.2). 

NMF, however, does not undergo appreciable metabolism in the 

; 126 
presence of microsomes. 

In vivo HMM is extensively demethylated and nent 

dimethylmelamine and monomethylmelamine emerge as the major 

urinary metabolites.-’?> No unchanged HMM is recovered. 

NMF is also demethylated but to a lesser degree as manifested 

by the appearance of a small amount of formamide on G.C. 

analysis of the urine. However over 26% NMF is recovered 

unchanged in the urine.727 

For HMM in vivo antitumour activity and in vitro cytotoxicity 

correlate with the demethylation process (sections 8.2 and 

8.3, ref. 98). HMPMM, an intermediate metabolite in this 

Process both in vitro and in vivo, is a very much more 

Cytotoxic species than HMM in vitro and demonstrates antitumour 

activity in vivo (sections 8.2 and 8.3). HMF, the analogous 
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metabolite of NMF, is a very much less toxic species than 

its methyl precursor in vivo and demonstrates markedly 

reduced antitumour activity when administered per se in vivo 

(section 9.3). It is unclear how cytotoxic this species is 

in vitro because synthetic samples are contaminated with 

formaldehyde (section 9.3). There is at present no evidence 

to suggest that the metabolic demethylation is related to 

the antineoplastic activity of NMF. Indeed the process has 

been suggested to represent a detoxification pathway for this 

127 
compound. If it were important then it is necessary to 

explain why DMF possesses only a small degree of antitumour 

activity and yet is N-demethylated more readily in vivo than 

NMF. 

The observation that formamide, which does not possess a 

methyl group, retains some antitumour activity has to be 

considered carefully. It is feasible that NMF may possess 

a different mode of action to that of HMM. The drug is 

capable of redifferentiating certain cell lines in vitro and 

such a process may be related to its antineoplastic activity. 266 

However this hypothesis is difficult to defend in the light of 

the finding that agents such as DMSO and NNN ‘N ‘-tetramethylurea 

are also capable of inducing redifferentiation and yet are 

inactive against most murine tumour models. 

It is interesting that NMF is able to elicit antitumour 

responses at doses which do not damage the bone marrow (section 

10.4) This may indicate that it is unlike the antiproliferative 

agents in its mode of action. 
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In conclusion therefore the available evidence does not yet 

indicate that the two agents share a common mode of action. 
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Chapter 13 Experimental : Chemistry 

lea Notes on instruments and materials 

1. All melting points are reported uncorrected. 

2. '‘Ethanol' refers to 95% ethanol. 

3. Infra red spectra were recorded on a Pye-Unicam SP200 

spectrophotometer as KBr discs. 

4. Ultra violet spectra were recorded on a Pye-Unicam 

SP8000 spectrophotometer. 

5. 'H nemer. spectra were recorded on a Varian EM 360 A 

(60 MH3) spectrophotometer. All spectra were recorded 

in deuterated chloroform (coll) or water (0,0). The 

signals were assigned in p.p.m. downfield of 

tetramethylsilane ($). 

6. The mass spectra were recorded on a Micromass 128 single 

focusing mass spectrometer. 

7. Microanalyses were carried out at Elemental Micro- 

Analyses Limited and at the Department of Chemistry, 

Aston University. 

ise Synthesis of 2,4,6-trisubstituted-s-triazines 

The following compounds were synthesized using published 

methods. All structures were confirmed by i.r., n.m.r. and 

mass spectroscopy. 

2-Chloro-4,6-bis(dimethylamino)-s-triazine (64), 

148 mepe 66°-68° (1it." °°, m.p. 667-687). 

2-Azido-4,6-bis(dimethylamino)-s-triazine (65), 

149 mep. 1059-107" (1it.-'?, mep. 1047-106"). 
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2-Amino-4,6-bis(dimethylamino)-s-triazine (62), 

149 
, mep. 2249-2269 (1it. 220022205). 

2,4,6-Tris(dimethylamino)-s-triazine (12), 

mop. 1719-1739 (1it.t*®, 170.59-173°). 

2,4-Bis(dimethylamino)-6-methylamino-s-triazine (33), 

146 mep. 1009-104 (1it.-*°, 987-103"). 

2,4-Bis(dimethylamino)-6-(N-hydroxy-N-methylaming)- 

145, s-triazine (66), msp. 1097-111" (lit. Tosti). 

2,4-Bis(dimethylamino)-6-hydrazino-s-triazine (67), 

149 mep. 1467-1489 (1it.1*?, mep. 148.5-152.5"). 

2-Chloro-4,6-bis (methylamino)-s-triazine (68), 

mops 3S50 Cite) oe sa54)< 

2-Dimethylamino-4,6-bis(methylamino)-s-triazine (69), 

tepe 2820 ate to 510-502). 

2,4,6-Tris(methylamino)-s-triazine (70), 

146 Meeps L29eeISIS (lites ’ > 129G=2310)% 

N- [4,6-8is(dimethylamino)-s-triazin-2-yl] -N- 

150 methylformamide (71), mep. 1289-1317 (1it.~?»,128°-131"). 

§ [4,6-Bis(dimethylamino)-s-triazin-2-yl] ~nethylamino} - 

methanol (37), mep» 1209-123" (11t.2*8 1199-123"). 
7 

Nene -Methylenebis (NCN¢N¢N°N®-pentamethylmelamine) C72) 

146 mMepe 195°-196° (lit. °°, 1959-1967)’. 
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13.63 Synthesis of the novel 2-(substituted 

benzylidenehydrazino)-4,6-bis(dimethylamino)-s- 

triazines (Table 13.1) 

2,4-Bis(dimethylamino)-6-hydrazino-s-triazine (399; 0.2 mol) 

was dissolved in ethanol (200 ml). The appropriately 

substituted benzaldehyde (0.2 mol) was added and the solution 

heated under reflux for lh. This was allowed to cool to room 

temperature whereupon the 2-substituted benzylidenehydrazino- 

4,6-bis(dimethylamino)-s-triazine crystallized from the 

solution. This was then further recrystallized from ethanol. 

Reaction was essentially complete with yields in the range 

95 - 100%. 

13.64 Synthesis of the novel 3-aryl-5,7-bis(dimethylamino) 

-s-triazolo [4,3-aJ -1,3,5-triazines (Table 13.2) 

The 2-substituted benzylidenehydrazino-4,6-bis(dimethylamino) 

-s-triazine (2.0 g) was dissolved in either chloroform or 

dichloromethane (50 ml). Lead tetraacetate (4.0 g) was added 

portionwise to this solution and the reaction mixture stirred 

at room temperature for 2h. Water (50 ml) was added and stirring 

continued for a further +h. The aqueous layer was neutralized 

by the addition of sodium bicarbonate and the chloroform layer 

separated off. This chloroform layer was evaporated to dryness 

under reduced pressure to yield the s-triazolo [4,3-a] -1,3,5- 

triazine. These were recrystallized from a chloroform/methanol 

solution. The yields were 40 - 55%. 
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13.5 Synthesis of novel 2-aryl-5,7-bis(dimethylamino)-s- 

-triazolol 2,3-a] -1,3,5-triazines (Table 13.3) 

The 3-aryl-5,7-bis(dimethylamino)-s-triazolo [4,3-a] -1,3,5- 

triazine was dissolved in a 5% methanolic solution (100 ml) 

of sodium hydroxide. The reaction was stirred at room tem- 

perature for 2h whereupon the 2-aryl-5,7-bis(dimethylamino)-s- 

triazolo [2,3-a]-1,3,5-triazine precipitated out of solution. 

This was subsequently recrystallized from chloroform/methanol. 

The conversion in all cases was found to be between 80 and 90%. 

13.6 Synthesis of 2-(g-aminophenyl)-5,7-bis(dimethylamino) 

-s-triazolo [2,3-a]-1,3,5-triazine (78f) (Table 13.3) 

The nitro analogue (78b) (2.0 g) was dissolved in ethanol 

(200 ml). The solution was then hydrogenated at room tempera- 

ture over 3 days using a 5% palladium/carbon catalyst (0.3 g). 

The product is insoluble in ethanol and dissolution in chloro- 

form followed by filtration removed the catalyst. The solvent 

was removed under reduced pressure to afford the amine (78f) 

in 95% yield. This was recrystallized from chloroform/ 

methanol. 

peg) Synthesis of 2-(g-azidophenyl)-5,7-bis(dimethylamino)- 

g-triazolo[2,3-a] -1,3,5-triazine (78g) (Table 13.3) 

A solution of the amine (78f) (2.0 g) in water (10 ml) was 

cooled to O°C and acidified with 10N-hydrochloric acid (2 ml). 

Vigorous stirring and the low temperature were maintained 

throughout the following reaction steps. An aqueous solution 

of sodium nitrite (0.7 g in 5 ml) was added in small portions 
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over O.5h. The mixture was stirred for a further 1h at O°C. 

Sodium azide (1.0 g) was then added and the solution stirred for 

a further 1h and allowed to warm up to room temperature. 

Chloroform was added in order to extract the azide (78qg) 

after neutralization of the aqueous layer with sodium bicar- 

bonate. The chloroform was removed under reduced pressure 

and the azide (95% yield) recrystallized from chloroform/ 

methanol. 
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Chapter 14 Biological Materials and Methods 

14.1 Orugs used in the screening studies 

14.1 (a) Purchased 

The following compounds were purchased from the sources 

indicated. 

Sigma Chemical Company, Poole 

Cyclophosphamide 

5-Fluorouracil 

Aldrich Chemical Company, Gillingham 

Formamide 

N-Methylformamide 

NN-Dimethylformamide 

N-Methylacetamide 

NN-Dimethylacetamide 

NN ’-Dimethylurea 

NN “-Dimethylthiourea 

NNN ‘N’-Tetramethylurea 

/ 

NNN N ‘-Tetramethylthiourea 

Other sources 

Chlorambucil - Burroughs Wellcome & Co., London 

Cis-Diamminedichloroplatinum (II) - Johnson Matthey Research, 
Reading. 

CCNU - N.C.I. 

Methotrexate - Lederle Laboratories Division, Cyanamid Ltd., 
Gosport. 

OTIC - Dome Laboratories, Slough 

Treosulphan - Leo Laboratories Ltd., Bucks 

Adriamycin - Farmitalia, Milan 
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N,N,N‘, N -Tetramethylguanidine - Koch-Light Laboratories 
Limited, Colsbrook. 

Procarbazine - Roche Products Ltd., Welwyn Garden City. 

14.1.(b) Gifts 

The following compounds were supplied as gifts from various 

members of the C.R.C. Experimental Chemotherapy Laboratories, 

Pharmacy Dept., Aston University, Birmingham. 

3-0-[4,6-Bis (dimethylamino)-s-triazin-2-y1]-D-glucopyranase, 

2-amino-N-[4,6-bis(dimethylamino)-s-triazin-2-y1] -2-deoxy-D- 

glucopyranose, 2-0-[4,6-bis(dimethylamino)-s-triazin-2-yl] - 

B -Qlucopyranoside, and N-ethylformamide were gifts from 

Or. R.J.Simmonds. N-Hydroxymethylformamide was kindly 

provided by Dr. A. Gescher and N-hydroxymethyl-N- 

methylformamide by Mr. E.N.Gate. N-Methyltrifluoroacetamide 

was supplied by Dr. M.D.Threadgill. 

14.1.(c) Synthesized 

All other drugs were synthesized as described in chapter 13. 

14.2 Miscellaneous compounds 
  

The following compounds were purchased from the sources 

indicated. 

B8.0.H.Chemicals Ltd., Atherstone 

Acetylacetone 

Dimethylsulphoxide 

Glacial acetic acid. 

Aldrich Chemical Company, Gillingham 

3-Methyl-2-benzothiazolone hydrazone hydrochloride 
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Sigma Chemical Company, Poole 

L-Alanine 

L-Aspartate 

Bovine serum albumin 

Glucose-6-phosphate 

Glucose-6-phosphate dehydrogenase 

Heparin 

&% -Ketoglutaric acid 

Lactate dehydrogenase 

Malate dehydrogenase 

Nicotinamide adenine dinucleotide phosphate 

Nicotinamide adenine dinucleotide - reduced form 

Pyridoxal-5 -phosphate 

Fisons Scientific Apparatus, Loughborough 

Ammonium acetate 

14.3 Animals 

Balb/c and BDF, mice were obtained from Bantin and Kingman 

Limited, Hull. 

DBA/2, COF, and BOF, mice were obtained from Charles Rivers 

Breeding Laboratories. 

All animals were maintained in an animal house for at least 

one week to acclimatize. They were fed on water and Heygates 

modified 418 breeding diet ad libitum. 

14.4 Media 

RPMI-1640 medium (with 25mM Hé@es and L-glutamine) and also 

horse serum were obtained from Gibco Europe. 
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14.5 Tumour _ cell and blood cell count apparatus 

White and red blood cell pipettes were obtained from Weber 

Scientific International as was also the 85.748 Neubauer 

haemocytometer. A CK Olympus Tokyo microscope and ZB8-1 

Coulter Counter were employed. 

14.6 Earl's buffer solution 

Sodium chloride -6.80g 

Sodium bicarbonate -2.10g 

Glucose -2.00g 

Potassium chloride -0.409 

Magnesium sulphate heptahydrate -0.149 

Calcium chloride -0.28g 

Sodium dihydrogen phosphate dihydrate-0.14g 

Distilled water -to 1b 

This buffer was adjusted to pH 7.4 by the addition of 

hydrochloric acid. 

14.7 Tumour techniques 

In tables 14.1 and 14.2 the parameters of the tumour systems 

employed are summarized. 

14.7(a) Solid tumour maintenance (table 14.1) 

The tumour was excised from a donor mouse under aseptic 

conditions and placed into saline. The tumour was then either 

homogenized (in a Camlab 563 C homogenizer fitted with a 

teflon pestle), diluted to the appropriate concentration and 

Treinjected into fresh mice or it was implanted by trochar as 
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a fragment. Tumour lines were passaged for no more than 

10 generations after which time they were destroyed and 

fresh tumour was obtained from a store maintained in liquid 

nitrogen. 

14.7.(b) Ascitic tumour maintenance (table 14.1) 

Ascitic cells were aspirated from the peritoneal cavities 

of donor mice. Cells were counted, diluted to the required 

concentration and injected isp. into new mice. In the same 

manner as for the solid tumours, cell lines were destroyed 

periodically and fresh tumour obtained from a bank. 

14.7.(c) Solid tumour screening assays (table 14.2) 

Tumour fragments were excised from several tumour-bearing 

hosts under aseptic conditions. The fragments were pooled, 

placed into sterile saline and cut by scalpel into small 

pieces. These fragments were homogenized as above (14.7.a) 

at the slowest possible speed to minimize cell death. A 

sample of the resultant suspension was placed onto a 

haemocytometer grid and the cells counted under the microscope. 

This suspension was then diluted to the appropriate concen- 

tration and injected (0.1 ml: i.m.) into the left hind legs 

of recipient mice. 

For the M5 sarcoma and Sarcoma 180 models drug injections 

were initiated 24h later according to the appropriate testing 

schedule. For the PC6 plasmacytoma drug injections were 

delayed until 14 days after tumour implantation at which 

time the tumour volumes measured 1.0 - 2.5 om? in size. 
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Tumour growth was followed by measurement of the tumour 

volumes. 

diameter 

measured 

was then 

The mean 

The longest tumour diameter (length; mm) and the 

perpendicular to this (width; mm) were first 

by vernier calipers. The approximate tumour volume 

calculated by the formula: 

Volume (mm?) = 
length x (width)? 

2 

tumour volume for a group of mice was then assessed. 

Comparison of the tumour volumes of treated mice with those 

of untreated controls may be represented in several ways: 

i) aT 
t X 100% 

where T " 

C= 

Mean tumour volume of treated mice 

Mean tumour volume of control mice 

Thus 0% refers to complete absence of tumour 

in the treated mice and 100% refers to no 

difference between the volumes of treated and 

control mice. 

ii) % Inhibition. This value is given by 

100 - (T/C X 100) % where T and C are defined 

as in i). 

iii) % Increase in delay time. This is defined by 

T-C 
C 

where T 

  X 100% 

Time (days) from implantation for 

tumour to reach a mean arbitrary 

volume for the treated mice. 

Time (days) from implantation for 

tumour to reach a mean arbitrary 

volume for the control mice. 
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The 1Dg55 is defined as that dose of the drug which will 

produce 90% inhibition of the mean tumour volume of treated 

mice as compared to the mean volume of control mice. LDig 

and LDeg values were determined graphically using a range 

of doses varying from non-lethal to 100% mortality in tumour- 

bearing mice. The therapeutic index used for the M5 sarcoma 

and PC6 plasmacytoma experiments was defined as 

Therapeutic index (TI) = Tan 

The N.C.I. routinely adopt a value of 58% inhibition on the 

appropriate evaluation day as their criterion for activity 

of a drug against solid murine tumours. This value was also 

adopted in these studies. 

The optimal dose was taken as that value tested nearest to 

the LD dose. 
10 

14.7.(d) Ascitic tumour screening assays (table 14.2) 

Ascitic tumour cells were first extracted from the peritoneal 

cavities of tumour-bearing mice. These were then counted 

either by using a haemocytometer grid or with a ZB1l Coulter 

Counter and diluted in sterile saline to the required concen- 

tration. Cells were stored on ice throughout all procedures. 

The tumour suspension (0.1 ml/mouse) was then injected i.p. 

into fresh mice. For both the P388 and L1210 leukaemia 

models drug injections were initiated 24h post implantation 

according to the appropriate dosing schedule. The parameter 

of evaluation of antitumour activity was increase in survival 

time of treated mice over that of controls. 
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Percentage increase in survival time (% IST) 

= 06 
c 
  xX 100% 

where T = Mean (L1210) or median (P388) death day of 

treated mice 

C = Mean (L1210) or median (P388) death day of 

control mice. 

The optimal dose is defined as that dose which produces the 

optimal increase in survival time. It should however not 

exceed the LDig value. 

14.8 Orug administration 

14.8.(a) Solvents 

The following solvents were used for the dissolution of 

drugs: 

Saline 

Saline/tween-80 (19/1) 

Arachis oil 

Arachis oil/dimethylsulphoxide (9/1) 

Arachis oil/acetone (9/1) 

14.8.(b) Route 

Orugs were administered i.p. unless specifically stated 

otherwise. 

14.8.(c) Schedules 

Three types of drug scheduling were employed: acute, chronic 

or intermittent. The duration of the chronic dosing in the 

screening assays was arbitrarily taken as approximately half 
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the life span of the tumoured control mice, e.g. 17 days 

for the M5 sarcoma and 9 days for the Sarcoma 180. 

In section 7.2 a chronic schedule of 8 injections day~' 

(ise. every 3h) on days 1,5,9 was employed in an attempt to 

maintain peak levels of HMM in M5 tumour-bearing mice on these 

days. 

In section 8.4 formaldehyde was administered on days 1 - 5 

then days 13 - 17. The drug was not administered between 

days 5 - 13 in order to allow local inflammation (caused by 

administration of the drug) to recover. HMM was injected by 

the same schedule since a comparison between the two drugs 

was being made. 

16.9 PC6 plasmacytoma in vitro - in vivo bioassay 

(section 8.2) 

Estimates of the in vitro cytotoxicity of the analogues of 

HMM were obtained by the following method. pc6 ascites 

i m7") were incubated in RPM1-1640 medium/horse cells (2x10 

serum (6/4) in the presence of the drug (5mM), liver micrao- 

somes (= O.1g wet liver weight m7") and either with or 

without the following cofactors; MgCl, (5mM), G6P (4mM), 

G6P dehydrogenase (15 units m7") NADP (400 pM). These 

cofactors were present in order to generate NADPH (0.5mM). 

Microsomes were prepared from the livers of male Balb/c mice 

as described in 14.10. Incubations (4.0 ml) were performed 

for 2h at 37° in open beakers in a shaking water bath. Sub- 

6 sequently 10° cells (0.5 ml suspension) were injected i.p. 
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into groups of 4 female Balb/c mice. After 7 days the 

animals were killed by cervical dislocation and the ascites 

removed by lavage of the peritoneum with saline. Inspection 

of the peritoneal cavity revealed no solid tumour deposits. 

Cells were counted using a ZB1 Coulter Counter and the 

approximate cell kill determined by reference to the number 

of cells harvested from animals which had received serial 

dilutions of cells counted in identical fashion. In this 

assay a direct relationship between the number of cells 

injected and the numbers harvested was observed. 

In the absence of cofactors activation is assumed not to 

% 
occur. 

14.10 Preparation of liver microsomes 

Microsomes were prepared from the livers of 3-week old mice 

according to the method of Schenkman and cinti.<o? Liver 

homogenate (20% w/v) in 0.25 M sucrose was first centrifuged 

at 2-3,000 g for 5 min followed by centrifugation at 9,000 for 

20 min at 4°C to remove nuclei plus cell debris and 

mitochondria. The resultant supernatant was then centrifuged 

at 27,000 - 30,000 g for 20 min after addition of CaCl, (8mM) 
2 

in order to obtain a microsomal pellet which was resuspended 

in RPMI-1640 medium/horse serum (6/4). 

14.11 M5 sarcoma in vitro - in-vivo bioassay (section 8.3) 

This bioassay was conducted in identical fashion to the PC6 

plasmacytoma bioassay (14.9) with the following changes. 

2x 10” cells m7! were employed in the incubations and 
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ie! cells (0.5 ml incubate) were injected into each of 

4 female BOF, mice. Microsomes were prepared from the 

livers of female BOF, mice. Cytotoxicity was evaluated 

in the following manner. The mean day of death of the mice 

receiving treated cells was compared with the days of death 

of mice receiving serial dilutions of M5 sarcoma cells, 

enabling an estimate of cell kill to be evaluated. 

HMM (5mM) was incubated with microsomes at two different 

microsomal concentrations (200 and 400 mg m7") in the 

present or absence of cofactors (14.9). HMPMM was incubated 

at both 2.5 mM or 5 mM with a microsomal concentration of 

i in the absence of cofactors. 200 mg ml” 

14.12 Lethal dose levels of NMF 

NMF in sterile saline was administered to groups of 10 mice 

(Balb/c or BDF ,) at dose levels ranging from non-lethal to 

100% mortality. At least 5 dose levels within this range 

were employed. A graph of log dose versus mortality was 

plotted and the line of best fit drawn. From this the Ldi, 

and LDe, values were estimated. The drug was administered 

by the following routes: i.v. injection into a tail vein, 

i.p. administration, esophageal intubation (p.o.) or i.m. 

injection into the left hind leg. 

14.13 Measurement of peripheral blood cell counts 

While mice were under halothane anesthaesia, blood samples 

were collected from the tip of the tail into blood cell 

Pipettes at various time intervals post drug injection. 
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Measurements of cell numbers were made in the following 

ways: 

i) Erythrocytes: These were diluted in saline 

and counted on a ZBl Coulter Counter. 

ii) White blood cells: These were diluted ina 

1% acetic acid/saline solution stained with 

gentian violet and counted using a Weber 

B.S.A. improved Neubauer haemocytometer. 

iii)Platelets: These were diluted in a sodium 

citrate solution (39/100m1) stained with 

methylene blue and counted using the above 

haemocytometer. 

Female Balb/c mice were employed for the studies of the 

peripheral blood counts after treatment with NMF (section 

10.4). Female BOF, mice were used in studies of the combi- 

nation of cyclophosphamide and NMF (section 11.2) since this 

mouse strain was the host of the M5 sarcoma. 

14.14 Measurement of enzyme levels in the plasma 

14.14.(a) Preparation of plasma samples 

The animals were anaesthetized using a mixture of halothane, 

nitrous oxide and oxygen. Slood samples (1 ml) were collected 

by exsanguination from the abdominal aorta at the iliac 

bifurcation using a disposablesyringe containing heparin 

(2,500 U mle; 0.05 ml). Plasma was obtained by centri- 

fugation af the blood samples for 1 min in an Eppendorf 5412 

centrifuge (speed 7). 
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14.14.(b) Sorbitol dehydrogenase (SDH) 

This was assayed according to a method described by Rose 

and Henderson.-0? 

700 pL NADH (disodium salt, 355 pM) in TrisHCl (100 mM 

pH 6.6, 37°C) was placed in a reduced volume l-cm pathlength 

cuvette. Plasma (100 pl) was added to this and the 

endogenous reactions allowed to proceed to completion 

(monitored by DAzy0)° 200 pl R -D-fructose (2.5M in 100 mM 

TrisHCl, pH 6.6, 37°) was added to initiate the SDH reaction 

and the absorbance at 340 nm was monitored. The activity of 

SDH in this system is given by 

SDH activity (UL~’ 3471 ) = 1608. AA), min 

where one unit (U) of SDH activity is equal to 

the reduction of apes of fructose per litre 

per minute) 

14.14.(c) Aspartate aminotransferase (AST) 

This was assayed according to a method described by Kacmar 

and Moss. -08 

The following components were added to a reduced volume l-cm 

pathlength cuvette; L-aspartate (767 pi; 228 mM), NADH 

35 pas 6.5 mM), pyridoxal-5-phosphate (33 pis 4.5 mM), 

malate dehydrogenase (16 pis 36,000 U ta lactate dehydrogenase 

(16 pi: 72,000 ut7") and plasma (67 po. The cuvette and 

contents were then preincubated in the thermostatted cuvette 

compartment of the spectrophotometer at 37°C for 5 min to 

permit the endogenous side reactions to proceed to completion. 

The AST reaction was then initiated by adding &-ketoglutaric 

acid solution (67 pis 225 mM) to the cuvette and measuring 
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the absorbance change at 340 nm for 10 min. The activity 

of AST in this system is given by 

AST activity (UL~") = 2410. AA,,, min‘ 

where one unit (U) of AST activity is equal to 

the oxidation of 1 Es of NADH per litre per minute. 

14.14.(d) Alanine aminotransferase (ALT) 
  

The assay method for this enzyme is identical to that for 

AST except that L-alanine replaces L-aspartate as the amino 

group donor and lactate dehydrogenase replaces malate 

dehydrogenase as the indicator enzyme. Thus the mixture is 

as above (14.14.c) with L-alanine (767p1; 525 mM) being added, 

lactate dehydrogenase being present at a higher concentration 

Cs pis 72,000 i) and L-aspartate and malate dehydrogenase 

not present 

u min? |, ALT activity (UL”') = 2410. AA 
340 

where one unit (U) of ALT activity is equal to the 

oxidation of 1 Boos of NADH per litre per minute. 

14.15 Measurement of formaldehyde precursors generated 

during the metabolism of analogues of HMM in vivo 

The colorimetric method employed to distinguish between 

formaldehyde and its precursors was the method as described 

122 178 
by Ross which is a modification of the method of Sawicki. 

Orugs were injected i.p. into male Balb/c mice at a dose of 

0.48 mmol kg7". Control animals received vehicle only. 

Plasma was obtained as described in 14.14.a. Solutions 

(0.25 ml) containing either formaldehyde or HMPMM were added 
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to a 0.4% w/v 3-methyl-2-benzothiazolone hydrazone 

hydrochloride (MBTH) solution (0.25 ml) in quadruplicate 

at each concentration. Duplicate samples were then left 

at either O°C or 60°C for 30 min when a 0.12% w/v solution 

of anhydrous iron III chloride (1.25 ml) was added. The 

mixtures were left for a further 5 min at room temperature 

and the reaction terminated by the addition of acetone 

(3.2 ml). The optical density of the resultant 

tetraazopentamethinecyamine complex was measured at 670 nm 

using a U.V. spectrophotometer. 

Calibration curves (r 0.99) obtained using this method 

showed that formaldehyde could be determined in the presence 

of HMPMM at aoc. presumably because the N-methylol did not 

degrade to release formaldehyde under these conditions. At 

60°C however both formaldehyde and HMPMM were detected by 

this assay and the colorimetric response was shown to be 

additive. The method assumes that other formaldehyde 

precursors behave like HMPMM under the conditions used in 

this assay. Plasma (0.25 ml) was assayed in identical 

fashion. Area under the formaldehyde concentration curve 

X time values were calculated by use of the trapezoidal 

method. 

14.16 In vitro demethylation of HMM and aminopyrine 

(section 11.3) 

Microsomes from the livers of female BOF, mice treated with 

either saline or NMF were prepared as described in 14.10. 
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Reaction mixtures consisted of microsomal suspension (= O.lg 

wet liver weight), Mg Cl, (5mM), G6P (4 mM), G6P dehydrogenase 

(15 units m7") and NADP (400 pr in a final volume of Earl's 

buffer (2.5 ml). Reactions were started by the addition of 

substrate (0.5 mM) in acetone (0.1 ml), incubated at 37°C in 

a shaking water bath for 30 min and stopped by the addition of 

20% w/v trichloroacetic acid (0.25 ml). Protein was removed 

by centrifugation and the products of demethylation measured 

according to the method of Nash.2?7 
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Compound 
Number 
  

76a if 265 270 208 162 267 155 159 138 124) 122 105 

I% 15 3 2 199 68 28 4u 33 18 10 LS 

/ 103 a7 96 77 76 71 

1% 34 14 5S: ge zy 41 

  

  

  

76h om, 330 298 283 208 182 167 153 139 138 

Th. 18 ge S6i-c12 201. 97 71k | 350 ohh 2953 

ey eB SG ed. 

Tease Oo = 76 

7ed my, 321 319 306 304 284 268 255 250 248 208 

1% Ser Oat): esse ones fob hen niet, 

™/, 182 167 153 139 138 124 96 71 

Fo i TOD MeO Sanus Tern 7s aes Tense 

762 M, 321 319 306 304 278 277 276 275 250 248 

My, 208 182 169 153 139 ~ 136 157 i2ks Tir 56 71: 

1% 6 100 78 36 67 49 26 22 16 68 4&4 
  

eras 32% 319) S06 3045 278 "277" 27620275. 250 268 

I% 6 18 2 S 2 2 5 5) 2 5 

ny 2087 LOZ 5967 S155 “139 $1580 157, 126" 111 96 7h 

1% 77400 89 57 43 50 52 5g 23 7 46 
  

Appendix 5.1 Mass spectra of 2-substituted benzylidenehydrazino- 

4,6-bis(dimethylamino)-s-triazines. 
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day Post | Mean tumour volumes (cm? * s.d.) implantation of tumour cells 

aoe 10® 10° 10" 107 102 

12 0.76 * o.14 

16 1.35 + 0.16 

16 2.07 = o.24 nM* 

18 2.61 + 0.28] 0.37 = 0.07 

20 3.36 + 0.38 | 0.53 * 0.13 

22 3.85 + u.so | o.u2 * o.29 

24 4.69 * 0.74] 1.20 * 0.25 NM 

26 5.78 + 0.78] 1.89 * v.37] 0.46 * O.18 

28 6.52 * 1.13] 2.48 * 0.74 | 0.62 * 0.21 NM 

30 8.03 * 1.47] 2.97 * 0.83] 0.80 * 0.31 | 0.29 * 0.19 

32 3.30 * 0.65] 1.37 * 0.20] 0.38 * 0.30 

34 4.18 + 1.10] 1.57 * 0.55 | 0.74 * 0.25 

36 4.88 * 1.05] 2.54 * 0.92 | 0.98 * o.46 

38 5.44 * 1.89] 2.63 * 1.06] 0.97 * O.58 

40 6.41 + 1.97] 3.33 * 0.69] 1.58 * 0.91 | 0.47 * O.41 

42 7.01 * 2.42] 3.75 * 0.79 | 1.80 * 0.81 | 0.73 * O.46 

4a 7.99 1.63] 4.44 * 1.12 | 2.22 t 1.18] 0.97 * o.60 

46 4.98 + 1.30 | 2.61 * 1.25 | 1.68 * o.21 

4a 5.64 + 1.35 |3.69 + 1.40 ]1.96 * 0.63 

50 6.18 1.84 4.25 £1.19 | 2.41 * 0.63 

52 6.30 + 1.55 | 4.96 + 1.08 | 2.83 * o.81 

* NM = Non-measurable 

Appendix 6.1 Mean tumour volumes of the MS sarcoma after implantation 

(i.m.) of differing numbers of tumour cells in BOF , @ mice. 
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Dose Toxic Median b 

COMPOUND Schedule |makg | | 2eaths | Survi- | T x 100% | 1.8.7. 
--37-1]{ Total 
inj Day 

Once a, 
daily 40 10 13.6 135 35 

1-9 

Tuice 30 s/n |i 220 119 19 
daily 

FORE OE eas 25 Ue | tee 132 32 

Three 25 ee 9.5 94 - 
times 0 = 
daily 20 9/10 13.6 135 35 

y= 9) 15 /i9 32 132 

CONTROL - - he 10.1 100 - 

Qnce 
RORMRE ELMORE daily 40 a7 \eiae2 131 31 

Lo 
0 

CONTROL - - a 794, 10.1 100 - | 

Appendix 6.2a Activity of formaldehyde against the P388 leukaemia 

Dose Toxic Median % 
COMPOUND Schedule mgkg7 | Oeaths Se t xX 100% | 1.5.7. 

inj7! Total Day 

Once 
FORMALDEHYDE |" aeaiy 40 oy 9.0 118 18 

10 
1-8 

oO 
CONTROL = /30 7.6 100 - 

Appendix 8.2b Activity of formaldehyde against the L1210 
leukaemia 

Schedule | Dose Mean Toxic | Median % 

COMPOUND days of -1| body Deaths| survi-|T 

injec- |™9K9_ || weight | Totai var |oxtO0% | IST 
tion inj change day 

(g) 

FORMALDEHYDE 1-9 40 -3.2 ae 2lee 100 - 

CONTROL - - +0.4 ee 21.3 100 - 

Appendix 8.2c Activity of formaldehyde against the 816 melanoma 
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DOSE Plasma levels of SDH (units L” = s.d.) at time 
“4 points (h) post injection 

mg kg 3 6 a2 24 4a 72 

1200 55%3 - . 140243 11567166 | 204411 

aoa 39714 |43726 | Gore | 134941019 | 181541614 | 244%265 

400 3223 915725 |eg52 32410 21ts 24ut2 

200 29t2 |27%6 | 3945 2945 1542 2643 

Control |42t10 | 24%5 | 2443 21t3 165 2743             
Appendix 10.7 Plasma levels of sorbitol dehydrogenase 

(SDH) in BDF, mice at various time points 

post injection of NMF. 

  

  

  

  

DOSE scueouLe | Pt@sma levels of SOH (units L7' + s.d.) 
cng kg7! at_time points post final injection (h) 

day~1) (days) 3 2b 4a 72 

400 Tet 87239 3652365 2940 37232 

200 1-10 43213 2448 2623 2it2 

Control |1 - 10 19te 1943 2142 21%6               

Appendix 10.8 Plasma levels of sorbitol dehydrogenase 

(SDH) in 80F, mice at various time points 

post final injection of NMF (chronic’10 day 

schedule). 
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: -1 + 
DOSE Plasma levels of ALT (units L = s.d) 
(me com SCHEDULE at time points post final injection (h) 

day~') (days) 3 24 48 72 

400 we. 10 1254135 | 537%516 3645 82784 

200 i= 10 4145 3425 31712 2725 

Control teoe1D 2727 3425 34ute2 3427             
  

Appendix 10.9 P 

¢ 

p 

d 

lasma levels of alanine aminotransferase 

ALT) in B0F, mice at various time points 

ost final injection of NMF (chronic 10 

ay schedule). 

  

  

  

    

DOSE scuepuce | Pl@sma levels of AST (units ie Wt heede) 
(mg ae. at time points post final injection(h) 

day") pee 3 24 48 72 

400 ao 1594111 | 284*166 65712 |113736 

200 i= 10 4itey 116748 39243 51419 

Control 1-10 70429 1o1t46 82217 60724           
  

Appendix 10.10 Plasma levels of aspartate aminotransferase 

(AST) in BOF , mice at various time points 

post final injection of NMF (chronic 10 

day schedule). 
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