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Abstract--N-diazoacetylglycinamide (DGA ) sharply reduced the formation of spon- 
taneous pulmonary metastases in mice bearing subcutaneous Lewis lung carcinoma. At 
the same time, it caused no significant and parallel inhibition of primary tumor 
growth. The inhibition of metastasis formation, thus, appears to be due to selective 
antimetastatic effects, different from cytotoxicity for tumor cells. This is supported by 
the low effectiveness of the late treatment of mice having spontaneous metastases, and 
also by the absence of significant effects on the formation of artificial metastases 
obtained by i.v. injection of tumor cells. The lack of any cytotoxic effect for tumor cells 
localized in the lungs and subcutaneously was also shown by examining the effects of 
the treatment with DGA on the fractional incorporation of 3H-TdR in tumor cells. A 
proposed mechanism.for the antimetastatic effects of DGA is the inhibition of tumor cell 
detachment from the primary implant and their access to the blood stream. This 
mechanism is also consistent with the fact that DGA caused the greatest reduction of 
spontaneous metastasis formation when administered at the same time as the peak of 
dissemination of tumor cells in the blood stream. 

I N T R O D U C T I O N  

~/~DIAZOACETYLGLYCINE derivatives have been 
shown to reduce the growth of some rodent 
transplantable tumors. Different degrees of 
activity were observed, depending on the 
structure of the compounds examined and the 
experimental system used [1]. Recently, N- 
diazoacetylglycinamide (DGA) has been 
found capable of markedly inhibiting the for- 
mation of lung metastases in mice bearing 
Lewis lung carcinoma. Two analog com- 
pounds, N-diazoacetylglycine hydrazide and 
the ethyl ester, were shown to be practically 
inactive against metastases [2, 3]. The de- 
pression of pulmonary metastasis formation 
caused by DGA was attributed to selective 
antimetastatic effects [2, 3], since all of the 
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A b b r e v i a t i o n s :  
DGA = N-diazoaeetylglycinamide; 
ICRF 159 = ( + )-1,2-bis(3,5-dioxopiperazin-1 -yl)propane 
(Razoxane); 
3H-TdR = thymidine-6-H 3. 

three substances caused no significant in- 
hibition of subcutaneous tumor growth : similar 
to a selective antimetastatic agent, ICRF  159 
[4], and unlike a purely cytotoxic agent, 
cyclophosphamide [5]. 

The purpose of this investigation was to 
examine the mechanism of the antimetastatic 
effects of DGA in the same experimental 
system. This was performed by examining the 
treatment schedule dependency of the effects 
on subcutaneous tumor growth and lung col- 
ony formation. Furthermore, the possible oc- 
currence of cytotoxic effects on small lung 
tumors, and also on the subcutaneous tumor, 
has been examined by determining the effects 
of DGA on the fractional incorporation of 3H- 
T d R  in tumor cells in both locations. 
Additionally, the effects of DGA on artificial 
metastases, obtained by injecting i.v. a tumor 
cell suspension, were examined. The results 
obtained are hereafter reported. 

MATERIALS AND M E T H O D S  

Synthesis 

The synthesis of DGA was performed fol- 
lowing previously reported procedures [6]. 
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Animal treatment 

The compound was administered i.p. as 
fleshly prepared aqueous solution in 0.1 N 
N a H C O  3 in volumes of 0.1 ml /10g  of body 
weight. Control animals only received the 
solvent. 

Tumor transplantation and evaluation 

For studying the effects of t reatment  on the 
tbrmation of spontaneous metastases, Lewis 
lung carcinoma was transplanted in C57BL 
C.R. mice by aseptically implant ing s.c. tu- 
mor fragments in the axillary region [71. 
Primary tumor weight was determined by 
caliper measurements,  assuming tumor density 
to be equal to 1, as the volume of the rotation 
ellipsoid having the long and short axes equal 
to a and b respectively: 

(1) tumor weight = ~z/6 x a 2 x b 

The  number  of lung metastases was deter- 
mined at sacrifice using a dissection magnify- 
ing lens. The  mass of metastases was estimated 
as the sum of their individual weights, de- 
termined using equat ion (1). Artificial meta- 
stases wcre obtained by injecting i.v. a single 
cell suspension (2 .5x10  s viable cells per 
mouse) prepared enzymatical ly as described 
by Hill and Stanley [8]. 

Measurement oJ fractional incorporation 

C57BL C.R. mice received a s.c. and i.v. 
implant  as described above. Thir teen clays 
later, the fractional incorporation of 3H-TdR 
into DNA of puhnonary  and subcutaneous 
tumors (3H in DNA at 1 hr/total  3H in the 
tissue) was estimated by the methods de- 
scribed by Houghton  and Taylor  [9]. 

RESULTS 

1}T/i,c/, ( j  D(;A o~ spontaneou,s meta,slasis,/brmation 

The ett'ects of the t reatment  with DGA tbr 
8 consecutive days, starting on day I after 
tumor transplantation,  are reported in Table 
1. The  highest dose used was the max imum 
tolerated dose [br this t reatment  schedule. The 
total number  and the number  of small nod- 
ules was significantly reduced at the two 
highest dosages employed. At the same dos- 
ages, no large metastases were tound in any 
of the treated animals, and the nmnbcr  of 
large metastases was also signiticantly reduced 
at the next lowest dosages. 'Fhe estimated 
weight of metastases was markedly and signi- 
ficantly reduced at these three highest dos- 
ages. '['he trcatinent with DGA also caused 
the absence of macroscopically detectable 
lung tumors in 3 and 2 of the 8 animals 
at each of the highest two doses employed. 

The effects observed using difl?rent treat- 
ment schedules are reported in Table 2. With 
any of the schedules employed, the formation 
of lung metastases was markedly and signi- 
ficantly reduced. The greatest depression was 
observed lbr the t reatment  on days 8 14. 
Using these schedules no large metastases 
were tbund in any of the treated animals and 
the mass of lung tumors was dramatical ly  
reduced; also 2 and 4 of the 8 treated animals 
were lbund flee of macroscopically detectable 
hmg colonies. 

E/fects (!/ DGA on arl~'cial metastases 
The results obtained testing DGA on the 

tbrmation of lung tumors, produced by i.v. 
injection of tumor cells, are reported in Table  
3. No statistically significant reduction either 
of the nmnber  or weight of metastases was 

Table 1. Dose dependency oJ the effects d DGA on pulmonao, metastasis formation 

Average No. of metastases pcr mouse ± S.E. Animals ficc 
Dose Average weight of 

(mg/kg/day) Small* Large Total  No. ±S.E.  (mg) metastases 

Controls 33.1 -t-2.3 5.7 +0 .9  38.1 ±3 .3  77 .5± 17.1 0//8 
150 24.5 ± 2.83 3.76 ± 1.28 28.2 + 3.28 73.6 ± 16.3 0/8 
212 25.3 +2.65  3.1, t±0.79 28.2±2.97 50 .4+t ( / .7  0/8 
300 30.1 +4 .30  2.51 _+0.67I- 32.(t-+4.84 45.7 ± 10.7 I- 0/8 
424 12.9+3.87I" 0 0 11.8±3.46+ 2 .33± 1.55J" 3/8 
600 12.6_+4.411- 0 0 11.0±3.87I" 6.98_+2.71-1 2/8 

*Diameter  smaller than 2 ram. 
Groups of 8 mice were treated daily i.p. with 1)GA at tile doses indicated, on days } 8 after 
tunlor t ransplantat ion.  Sacrifice and lung examination [br mctastases were perfbrmed on 
clay 21. Statistical analysis performed is the Student  Neumann  Keul test [221; { means 
significantly different from the controls ( P <  0.05). 
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Table 2. L~CJects of treatment with DGA using different schedules on pulmonary metastasis formation 
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Average No. of metastases per mouse -+ S.E. Animals free 
Inclusive days Average weight of 
of treatment Small* Large Total No. -+ S.E. (rag) metastases 

Controls 17.5-+4.0 7.2 -+2.4 23.5-+6.0 35.4-+14.2 0/8 
1 7 7.18-+4.537 0 0 8.70-+5.41+ 1.26-+ 0.86t 2//8 
8- 14 2.45___0.93I" 0 0 3.06-+ 1.13-p 0 20-+0.08+ 4//8 

15--21 7.53 _+ 2.28~ 2.38-+0.00? 9.40-+2.80? 7.07--+3.25? 0//8 

*Diameter smaller than 2 ram. 
Groups of 8 mice were treated daily i.p. with DGA (500 mg/kg) as indicated. Sacrifice and lung 
examination for metastases were performed on day 22. Statistical analysis pertormed is the Student 
Neumann Keul test [22]; t means significantly different from controls (P<0.05).  

Table 3. EJfects of DGA on artificial metastases 

Average No. of metastases per mouse ± S.E. Animals free 
Average weight of large 

Treatment  Small* Large Total No. -+ S.E. metastases 

-- 8.4 -+2.2 3.7 -+1.0 11.4--+2.9 41.0_+15.5 2/10 
+ 7.30-+ 1.10 2.50-+0.60 8.80-+ 1.50 16.6-+5.00 4/10 

*Diameter smaller than 2 mm. 
Groups of 10 animals implanted i.v. with 2.5 x 105 single viable tumor cells, were treated daily 
tbr 8 days with 500 mg/kg DGA, starting 24 hr after tumor cell injection. Sacrifice and lung 
examination tbr metastases were performed on day 15. None of the values is significantly ditt~rent 
from controls (one-way analysis of variance [23], P<0.05) .  

Table 4. Effects Of DGA on primary tumor growth 

Average tumor weight 
±S.E.  (mg) 

Daily dose 
(mg/kg) Treatment schedule Controls Treated 

150 1-8 593 _+41 492 _+90 
212 1 4  385_+60 
300 1-8 397 -+ 86 
424 1 8 397--+71 
600 1-8 267 -+ 50* 

500 1 7 654 -+ 171 423 -+ 95 
500 8-14 1157-+197 972-+255 
500 15 21 1783-+352 1364-+330 

The primary tumor weight of the same animals used for the 
experiments reported in Tables 1 and 2, was determined 24 hr after 
the last drug administration. The statistical analysis performed is a 
one-way analysis of variance [23]: * means significantly different 
fi'om the controls, P<0.05.  

observed:  the n u m b e r  of  animals free of large 
metastases was increased from 2 to 4 of  the 10 
mice used in each group.  

LfJects of DGA on primary tumor growth 
Data  repor ted  in Tab le  4 indicate that  

D G A  caused a significant reduct ion of  pri- 
ma ry  tumor  weight at the end of  t rea tment  
only when a dose of  600mg/kg  was given 
daily on days 1 8. 

Effects of DGA on the .fractional incorporation qf  
3H-TdR 

The  effects o f . a  single max imum tolerated 
dose of D G A  on the fractional incorporation 
of  3 H - T d R  in tumor cells are shown in Table  
5. Twenty- four  or 48 hr after treatment, no 
significant reduction of  the fractional incorpo- 
ration was observed in tumor cells either 
subcutaneously  or in the lungs of treated 
animals,  when compared with controls. 
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Table 5. 
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EJfects o/ DGA on the fractional incorporation (?/ 3H-TdR into 
subcutaneous and pulmonary Lewis lung tumor.s 

24 hr 48 hr 

Tumor location Treatment FI T/G % F1 T/C '!i, 

Subcutaneous - 38 __ 3.2 30 _+ 1.4 
+ 39_+1.9 102_+8.6 29_+3.0  95_+9.8 

Pulmonary - 56 _+ 2.0 47 _+ 2.2 
+ 59_+0.6 106_+ 1.1 49_+ 1.6 105_+3.4 

Twenty-four or 48 hr after treatment with 1.3 g/kg DGA, groups of 8 animals 
received i.p. 10/~Ci of 3H-TdR. One hr later they were sacriticed and the tumor 
tissues were processed as indicated in the experimental section. T/C is the per 
cent ratio of the average (_+S.E.) tbr the treated group to that of the controls. 
None of the values is significantly difl'erent fi'om controls (one-way analysis of 
\'arialwc [231 . P<0.05). 

DISCUSSION 
T h e  results repor ted so far indicate that  

D G A  markedly  reduced the format ion of 
spontaneous lung metastases in mice bear ing 
Lewis lung carcinoma.  The  ant imetastat ic  ef- 
fects were strictly dose dependent ,  and their 
magni tudes  rapidly decreased with lower dos- 
ages. Using an opt imal  dosage and different 
t rea tment  schedules, the greatest ant imeta-  
static effects were observed when the t rea tment  
was performed in the early phases of p r imary  
tumor  growth.  The  hypothesis put  forward in 
pre l iminary investigations that  the ant imeta-  
static effects of  D G A  are not due to any 
cytotoxic effect of  this substance tbr tumor  
cells localized in the lungs [2, 3] is supported 
by the following findings. T h e  late t rea tment  
of  animals having spontaneous metastases 
has very little effect. As previously reported 
[2, 3], D G A  markedly  inhibited tile format ion 
of  lung colonies when administered at dosages 
and using t rea tment  schedules which caused 
no significant reduct ion of p r imary  tumor  
growth. Fur the rmore ,  an examinat ion  of  any 
possible cytotoxic effects in tumor  cells perfor- 
med by examining the fractional incorpor-  
ation of  3 H - T d R  into DNA of tumor  cells 
has been made.  Using this technique for 
Lewis lung carc inoma,  a strict correlat ion has 
a l ready been found between inhibit ion of  sub- 
cutaneous and pu lmonary  tumor  growth caus- 
ed by cyclophosphamide  or 6°Co radiat ion,  
and fractional incorporat ion [9]. In the pre- 
sent set of  experiments  no such inhibit ion was 
observed. Finally, D G A  did not significantly 
reduce the format ion of  lung colonies alter i.v. 
injection of  tumor  cells. 

The  above repor ted da ta  indicate that  
D G A  at the highest dosage caused signi- 

ficantly reduced pr imary  tumor  growth:  it 
also caused a tendency towards a reduction,  
though statistically insignificant, on the for- 
mat ion  of  artificial metastases. On  the other  
hand,  the effects of  D G A  on the formation of 
spontaneous pu lmonary  metastases were much 
more p ronounced  and were evident  also in 
conditions where pr imary  tumor  growth was 
unaffected. Fur thermore ,  no inhibit ion of  tile 
fractional incorporat ion of 3 H - T d R  in tumor  
cells localized in the lungs or subcutaneously 
was observed using a single max imum tole- 
ra ted dose. It  thus appears that at least the 
greatest par t  of  the inhibi tory cffects caused 
by D G A  on the formation of spontaneous 
metastases are duc to selectivc ant imetastat ic  
effects of this substance. Th e  suggested mech- 
anism might  consist in thc inhibit ion of 
de tachment  of tumor  cells t iom the pr imary  
tumor  and their access to the blood stream. 
Indeed,  the m ax im u m  concentra t ion of tumor  
cells in tile blood stream has alrcady been 
shown to occur  on days 10-12 after s.c. 
implanta t ion  of Lewis lung carc inoma [101. 
This is consistent with tile fact that  tile 
greatest ant imetastat ic  effects were observed 
when D G A  was administered on days 8 14. 
Fur thermore ,  tile effects of  D G A  in aniinals 
having artificial metastases, where the process 
of  tumor  cell de tachment  and access to the 
blood stream is absent, were not significant. 
Th e  mechanism of inhibition by DGA of 
tumor  cell de tachment  and access to thc 
blood stream might  consist in the inhibit ion of  
proteolytic enzymes, which are considered rc- 
sponsiblc for this process [11-14]. In t~tct, 
D G A  belongs to the class of ~-diazocarbonyl  
derivatives of  amino acids, which are irrever- 
siblc inhibitors directed at the active site of  
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thiol [15, 16] and acid proteinases [17, 18], 
and D G A  also inhibits neutral  proteinases 
[19]. Fur the rmore ,  inhibitors of  neutra l  pro- 
teinases have been found capable  of  inhibi t ing 
metastasis format ion in mice bear ing Lewis 
lung carc inoma [20, 21]. An investigation into 
whether  D G A  actual ly inhibits proteinases in 

the p r imary  tumor,  as well as an examinat ion  
of  the therapeut ic  effectiveness of  D G A  as an 
ad juvant  to surgical t rea tment  of  solid animal 
tumors in terms of  survival t ime is in progress. 
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