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ETHYLENE - AN ENDOG-ENIC SUBSTANCE IN TUMOR VECTORS 

fFollovin* is the translation of an article 
DT M   T. KoiTonov of the Biochemical Laboratory 
of the State Research Institute of Oncology 
imeni P. A. Gertsen, Moscow,  in Voprosy Medl- 

- tslnskoy Khimii (Problems in Medicinal Chemis- 
try),  Vol. VI,  No.  2, March-April I960,  pages 
158-165.] 

Scientific facts accumulated on carcinogenesi. give a basic for 

^assumption that with the fetation of tumors due to natural causes 

in a number of cases there appear. chemical substances of an endegenie 

origin,    fflxe nature of these substances is not knew. 
An exploration carried out by the author earlier of ponds in Which 

a spontaneous »ass appearance of cancer in fish gills was discovered 

showed that in the gas emanating from the bottom sltae and dissolved 

in the pond water the ethylene content reached 3 to * percent (usually 

in pond, the et^lene content is onU 0.3 to 0.5 percent). Experiment, 

carried out under laboratory conditions on the influence of ethylene 

and ^ of its primary derivative, (ethylene oxide) on fish (Oatfmsia) 

under the particular conditions caused cancer 6* the fish gills. A con- 

nection betw**n mass .ickness of fish In ponds due to malignant turner. 

and a high content of organic residue, is pointed out to Uterature . 

It has been show/that under the action of ethylene in plants 

a tumor-like growth . of ««differentiated tissue, is formed. 

Microorganism Phitomonas tumefaciens which In plants produces »crown 

■•'■•r'tf-'-'J 



gall* tumors and gives off gaseous ethylene has been isolated fro« 

tumors in man and nice?' K    It has been shown by »any authors
5 ~ 

that the primary derivative of ethylene (ethylene Oxide, ethylene 

glycol and others) possess strong mutagenic and carcinogenic properties. 

Other authors have discovered11 " *3 that aqueous solutions of   _ 

ethylene"react easily with albumin and f-globulin in mild conditions 

whereby 1 mole of egg-albumin or (5-lactöglebulin ean combine with 

80 - 120 moles of ethylene oxide. At the same time the reaction is 

shifted 1 - 3 pH units to the basic side. Under these conditions the 

resulting protean - ethylene oxide compounds 

are insoluble dissociate with difficulty when the reaction medium is 

made acidic or basic. These reactions are irreversible. It has been 

established that ethylene oxide interacts extremely vigorously with 

Varboxyl- and sulfhydryl - groups. 

It has also been shown11* " l6 that ethylene oxide interacts with 

such products of living organisms as ammonia and amines forming, ethanol- 

amine and,partieularly chollne. Upon decomposition of choliae triaethyl- 

amins, ethylene glycel,and ethylene oxide are formed. In the work by 

Michel17 it was experimentally shown that upon decomposition of choline 

in the animal intest üae trimethylamine is formed. Theoretically also 

othylene glycol and ethylene oxide should be obtained. 'Dent and Valehe 

found ethanolamine In urine of the animal  afflicted with the primary 

stage of cancer of the liver and for a period of ? months observed its 

separation from the urine. 

There is  basis to assume that ethanolamine in such a large quantity 

in the organism of the tumor-carrier was formed from endogenie ammonia 

or ethylene oxide, but not from serin© upon its decomposition. 



-1 
A liver afflicted with a hug© tumor (the weight of the tumor was 13»! kg. 

and comprised abort 1A of the total weight of the sick antaal), probably, 

lost its ability *© transform ammonia into urea and it could accumulate 

in gr«*t:^|SH^^ a»d ethylene oxide athanolaaine «net: 

have b*e» farmed, normally in urfcie, as is knew» ao «thanolamim is. f 

detected^ ■''.'"■ 
On the basis of the facts above it can be assumed «»at the formation 

of tumor growth is possibly the result of an interaction of several pri- 

mary derivatives-of ethylene (ethylene oxide, ethylene glyeol and others) 

with the proteins of the living organism, la the result of which the 

synthesis of the protein substance is distorted. Probably, these ethylene 

derivatives form . endegenously in the organism under the In- 

fluence of several external as well as internal faotors from such pre- 

cursors as eholine and ethylenej fro» the first one by decomposition, 

from the other one by acidification. Ethylene in turn, probably, forms 

in the living organism endogenously in the same manner as this take place 

in the higher plants and fungi. 

In this report data are given on an experimental investigation of 

the problem of the possibility of endogenie formation of ethylene in the 

living organism un-ier normal conditions and upon affecting the organism 

Kith malignant tumojs. 

Methods of Investigation 

fee work was performed Y r; ;1$11??7IS! t&ita male rats weighing 
* 

about lOOg. and psrtly with ascarids. The following groups of rats 

were used: healthy; healthy,exposed to ultraviolet light; healthy, 

pretreated with small doses of ethylene; healthy, after a subcutaneous 

injection of tlumintäm oxide; sick, with a subcutaneous inoculation of 

sarcoaas; sick, with subcutaneous abscess-. She animals were kept in 

L     ."' ■."'■■.- ■ ■; ...'•■■■■        "-.■   .:'."/ ',     >" 
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(Tastes «after ■ ordinary, diet.    For inoculation of tumors the 
sarcoma strain M - 1 was used.    Swine sscarids were used. 

Fig. 1.    Boxes with Vicia sativa sprouts. 

2.    General view of the instrument for ethylene 
determination 3iven off by aniiaals. 
?lpt. 

! ■   , 
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Basically the methods as developed and applied by the anther far de- 

termination of mall concentration» of ethylene (applicable to animal 

objects) in air"exhaled by animals were adapted from methods developed 

for detection of small doses ef ethylene in plants. 

As an indicator for ethylene were used ethylated sprouts a pure max 

varietyjsf the white-grained, vernalised Viola aatlva "a - 10" grown 

on distilled »utter in darkness at 20 - 22* from awellen seeds subjected 

to a vacuum trader water to presoures to 0.5 - 0,3 em ef üg residual 

pressure« Sprouts were picked according to tJiKftiwamgi» the length ef 

their primary roots (radix) within ±1 a», witn the optimal length of 

10 - 20 na. and placed in %0 mm. long glass tubes 1 the tubes were mounted 

in boxe» with $0 *,ubes in eaen. Tubes made ef filter paper were placed 

in the glass tubes, tney had the same length as the glass ones (Pig. 1). 

The boxes wita tne lower ends of tne tube» down were lasser sod into 

f-etri disnes containing a mineral aalt solution suggested by D. Ä. Prya- 

nishnikov: lj K&IÜ3 - 1.20 g«; 2j MgSü^ - 0,3 g,; 3) KOI - 0,00 g.j 

k)  CaSo^ - 0.Y2 g.? 5) Caafru^ - 0.t»6 g.j 6) PeClj - 0.125 g. i» 51. «f 

aqueous solution. The test animals xn groups of three were placed Into 

e liter desaieat#rs equipped with tuoes. Using tubing passing through the 

vuues M9RK tne desoi'oatera were eenneokod witn similar deasieaters in pair 

eaeh pair forming a elosed aystem. In the ether dessieater the biological 

indicators were located^ Fig. 2), 

A C02 absorber was connected into the aystem between the animal 

deasicator and the dessieater containing the indicators. Througn this 

system with the help of a Richardson bulb air from the animal ▼eaael 

was puxaped is*to the vessel containing the imdicetere and returned 

via other tubing for the total time ef two hours (air was exchanged 

25 times). After this the vessels containing the indicators were diseen- 

^l»cted and with the tubes having been closed beforehand and kept at 

■ r 
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20 - 22«to darkness f• ft hours. After *. hour» the vessel» eontatotog 

the indicator, were aerated for 15 Im*. *&**» hermetically conneoted 

into the system.«A the procedure with animals repeated; after this the 

vessels **r« alWi to «*a»d for W hour». Altogether the exponent 

lasted*-^ *«.. After - «peaifled time the indicators were reared . 

rre» the T....1* an« the length af the epieetile and the radix of the 

growths «ere dstermtoea by a ruler« 

I» eaah variant of the exrertoen* 200 - $00 indicators «ere use«, 

Altogether 95 experiment, with 3 variants per experiment were carried out. 

'»• figure» obtained for the growth of the »prout» after appropriate 

statistical pree.sstog «ore compared with each oüier. Inhibition of the 

grauth of the sprouts to the experiment,*** compared with a control» 

indicated the presence «f ethylenej the degree of inhibition, when com- 

pared with »tsadard inhibition due to the action of etfaylene, showed, 

hewever, the concentration of ethyl«* to the ensphere ef the instru- 

ct vessels. «&• «liability of the experiments was calculated 

according to the x »Hewing formula» 

nf     **■? * 

"l " l2 
' „ T   . «here X - the arithmetical mean for the 

S    .  _2 If"! t»i 
l^ng* .f the cr^tb. hüt n - the mean error of the arithmetical »«an. 

to order fee convince ourselves that by using a biological indicator 

we actually did dateot ethylene, air was passed through a chamber with 

10-1$ rats SnceulfcScd with sarcoma K - 1 'five to fifteen days earlier; 

the air was subsequently passed through a cooled ( 1 - 5*) Mlllon«s 

reagent for 57. 30, and 2? day». Subsequent treatment of the reagent 

with hydrochloric acid evolved a gas which was collected to ampules. 

^«.lysis of the collected gas semples was carried out using a mass-spee- 

.  _'_*«« i^a&itekfar and the senior research assistant tremetor by prof. K. f. Tuaxoeaiy »u *" ■ j. 



M. V. Tikhomirov lri the adsorption process laboratory of the I». Ya. Kar- 

pov Physical-Cheaical Research institute. 

Table 1 

inhibition of the growth of Vleia aativa "h - 10" sprouts in relation 

to the concentration of ethylene gas in the atmosphere. 

Experiments SP < Jrovth In BBS 

No of 
■<•>• 

Eiajyiene    .£*,     (average).    ^ 
. concentre  *g <>j -■—;—~—   (Qj 

tion         •    i Test Control ^ 
!os    i           1           l 

■ test 

«8-11 4 1:830                    E> 
I  R» 
• 

4±I.O 
5±I.S 

«24:4.0      WI.S 
48*4,0      »,6 

I4.S 
10,1- 

14.5 
K>,H 

82-IU        ■}    4 
1 

l:3«tt) E 
R ?±».** 

S2±4.0 
48+4,0 

SJ.S 
85.5 

82-IV        t    4 
■  ! 

l:«(X» E 
R 

«±«.8 *2±4.0 
48±4.« 

93,5 
8S.4 

14,5 
I«».« 

•2-V         J    4 
! 

1:16000 E 
.R 

4±«.5 
12±2,0 

«2±4.0 
48+4.o 

n.1.5 
75.0 

14.5 
9.« 

82-VI 
* 

1:240!» E 
R 

4±0,5 
IS+2,5 

B2±4.o|   JO.S    t       14.5 
48±4.» j    «8.7    •        7.» 

«a-n I:'(»UUM> E    !   6±J.S 
K    | I9£3.S 

*»±:U» i   (KI.4 
57±2.5      «5.7 

24.« 

K* -m        !    4 
I 

l:5U> tt» E    i»il.«t»»±3.«>|    75,6   j      22.7 
R    j M±3.« j 57±?,5 [    12.3   j 

83—IV " i:in»oot> E    ! ;04-2.<t 
R    j S)4-:i.<> 

Ml±:i.O 
57±2.S 

64.5 
12.3 

16.fi 
1A 

m-v l:S<H)on». E    t 77£:»5 1 W»±3.« 
R    j 51+2.« j 57*2.5 

14.6    t        - 
12.3    | 

K»   VI iitutuotioo E    { 85+.4.0 i »»4:3.0 
R   j r»i±*.5 J 57±2.s 

10.0 
12,3 .— 

83.-VII l:Sooonoao E 
* 

88±4,U 
«±2.« 

9043.A 
W±».5. 

2.» 
5.3 

* £ —«tfcntile; W.-nitix. 

1) Number of repetitions;      . 
2) Inhibition of growth in test compared with 

control ix\ percent. 
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Results of the investigation 

In table 1  typical data are gi™» *«"* characteristic magnitudes of the_ 

inhibition of growth of the Viola satlva sprouts la relation to ethylene 

concentration in the atmosphere. According to these data the standard 

curve was constructed with which the experimental data were compared. , 

Prom tables 1 and 2 it is evident that »ore sensitive toward small 

ethylene concentrations, in the order of 1»1Q6, are the primary roots 

(radix) of the Yieia sativ* "a - 10" sprouts as compared with the epieo- 

tile. in botanical studies of ethylene only the reaction toward the 

20, 21» 23 
epicotile is used        • 

in our study : we considered basically the reactions 

toward the.radix, and in passing also the reaction toward epiectil»* 

Proa «able 2 it is evident that healthy rats (control lx)  fern 

endegen^usly and exhale ethylene into the surrounding ataaosphers 

te a Quantity of about 17 - 20 mierelitcra to 1 kg. of    live weight 

in  a 2k hour period during the first 15 days of the experimentj from 

the l£th to the £0fch day (for $ days) the exhalation of ethylene in- 

creased «««fold. Tumerous rats within the first ten days after inocu- 

lation (test i) exhaled ethylene in a quantity exoeeding $.k times the 

exhalation from healthy rats (contol ii). Furthermore, with the appear- 

ed» of necrosis and up to the time of the ulceration of the tumors 

(20th day after Inoculation) the quantity of ethylene exhaled by aaree- 

matous rats gradually fell and on the 20th day(ulceration of tumors) 

arrived at the original quantity (oentrol U,  up to 1$ days). 

Tables 3 and k r»present the results of test» of two ether series. 

These data confirm the regularity of the increased ethylene production 

by turoorous animals and its doorcase at the time of the ulceration of the 

tmors. 

Production of ethylene by the healthy control aniaaxs from the l$th 

■•■*•■ 



Table 2 

Comparative Dynamics of-E.thylene Sxahalation by Tu- 
morous -Eats {Sarcoma l-f - 1)' in delation to 'the 
Progress of the Sickness (Inhibition of the Growth 

of Vicia sativa "h - 10" Sixrouts). '■ 

S> 

a 

t" 
I 

ma 

Jg> 

{^'T1p«p«rT npopociKo» B MM m 
a- 

1 onuT 

gfc 
TO.- «tie 

infekr- 
pOJJb 

iBue 
KPUCU 

pwih 

!3 KPMC 

tpMOMaw pocn Bpepocrmw 

»% 

60 

7 

61 

r>2 

8 
«3 

4 4 E 
R 

12 10    M E 
R 

4 14 E 
R 

14 10-17 E 
R 

6 20 
K! 

7S±3 
'i:i±2 

Cf:+.2.5 
38±2 

C-»±2,5 
41+.2 

41-1-2,5 
40±2,5 

80+3,5   87+3 
51±2,5   61*2 

76+.2     I 8Ü+.2 
50+.2     i (j0±5 

69±2 
51±3 

82±2,5 
62+.3 

38±2,5    48+2,5 
*4±2     j 59±2,5 

-i 34+2     | 34±2     141+1,5 
K|.37±1.5 j 3£±i.S I 50±2,5 

13,8 
29,5 

17.5 
36,7 

22,0 
33,9 

14.6 
32,2 

17,1 
26,0 

8,0 
16,4 

5.0 
16,7 

15,9 
17,7 

20,8 
25,4 

17,1 
30,0 

M\—M% 
_2, _* 

*nmit, mm- 

3» M «can 
I xr Macro 
■ec« Kpue 

I H 

2.8 
6.4 

4,4 
11,0 

5,1 
5.8 

2,0 
5,4 

3.5 
4,3 

1.5 
3.1 

1.4 
5.0 

4.0 
2,6 

2,8 
4.7 

3,5 
5.0 

43 

92 

52 

42 

21 

18 

17 

17 

25 

36 

E— cpicotifp; R — ra<!ix. 

i) Test number; 2} number of'repetitions; 3} time of •■ 
tumor growth in days: 4) reading of.; 5) growth of sprouts 
in inm; 6}. inhibition of growth of the sprouts ' in relation 
to control III; 7) the quantity of ethylene which separa- 
ted in 24 hours per 1 kilogram of the life weight of rats- 
(in mcl}; 8) I test; 9) II control; 10) lit control; 11) 
rats with sarcoma; 12) healthy rats; 13) no rats. 

Q 
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to the 20th day of the experiment Increased twofold as compared with the 

proceeding day» (Table 2), We assumed that the reason for, this was 

a catalytic action of the increased concentration of ethylene,exhaled 

by the sarcomtous rats, on the healthy rats located in a cage next to a 

cage with the sarcomatous ones. She basis for such an assumption were t 

data from work of a number of research-botanists, which showed that ethyl- 

ene possesses a clearly expressed autoeatalytie property for it« formation 

by plant tissues. For the explanation of this question we carried out 

another series of experiments with ? time points for ethylene determina- 

tion, data for which, are given in Pig, 3. Shewn on the graph is the 

comparative dynamics of ethylene exhalation by rats with subcutaneous 

».sa-infeetious abscesses. 

Table 3 
The comparative dynamics of ethylene production by rat's organism 

during «ie growth of inoculated sarcoma M - 1 (intense tumor growth)« 

Age of 

tumors 

Tumor 

stage 

inhibition of growth 

of Vicia sativa 
aellablltty 

In days sprouts In percent 

compared;to control 

eplee- 

tlle 
radix 

epioo- 

tile 
radix 

■ + Growth. &0 /£ 3i 3f 
M Necrosis 3S" S3 a" *1 
It> Necrosis, and 0 S —" /r 
rx Ulceratlen 0 C ■ —. 

'—■ ' 
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fable 4 

Tb» comparative dynamics ef ethylene production by rat'a organism 

during the growth ef ineculat»* sarcoma » - 1 (intense turner growth). 

(slow In tumor growth.) 

Age ef 

tuners 

burner 

stage 

inhibitien ef grewth 

of Vicia satire 
Heliability 

in days 

._ 

sprouts in peroent 

compared to control 

epice- 

tile 
radix 

epiee- 

tile 
radix 

to Growth H 3<? JL* s:t> 
■ff Onset of 

sis, 
Hecrosis 

necro 

#1 

3j 3S- s-.f 
21 

Necrosis, 
eeratisn 
Necrosis, 
eeretica 

ul 

ul 

9t 
i3 IS AS* 

AS can be seen, she healthy rats (control nil which were isolated 

i'r*om the experimental rats during the entire experimental period (20 days) 

uniformly exnaled ethylene in a quantity of 18 mieroliter» peat» 1 kg. of 

live weight in a 21». hour period. However, those healthy rats,whieh 

were given ethylene by way of innalation for 2 hours (once only) 5 days 

in advance of the experiment in a concentration of 'ljic^ in air(c<mtr*l 

ixi, by the beginning of tne experiment, i. e. $ days after Innalation, 

azid to the end of tue experiment exhaled U4.3 microliters of ethylene per 

1 kg. of live weight in a 2k hour period, i.e. 8 times as auon as the 

controls (JU.J.J. 

II 



Healthy rats, weighing 80 - 8$ g. and mere, 2k in number, van* 

exposed to ultraviolet light once a day {except holiday«) for 20 minutes  - 

and for a period of 8 months, did not produce ethylene during the time 

when the control animals exhaled 18 - 20 mierolitere of ethylene per 

1 leg. of weight In a 2k hour period. 

Healthy animals, after having been given 

tfcree subcutaneous injoetions of 1 «1. of a 20 percent aluminum hydroxide 

»^pension eaea time,;fon the 5th day after the last injection exhale* 

g „ ie times more ethylene than the oontvels« The 

determinations ware carried out once a week for 2 months, but thereafter 

every month for 10 months. After 11 -12 Months 

«»ight «et of the fifteen experimental rats developed tumors - sar- 

eoaas - at tfc* locstion of the subcutaneous Injection. Several tuners 

reached a weight of 70 g*, the total weight of the animal being 200 g. 

All the rats that developed tumors were affected lightly. 

The quantities in Table 5 fit the assumption that live swine aaoarids 

liberate in 2k hours per 1 kg. of weight 16 mierollters of ethylene. 

In Table 6       the result of the verification by mess-spectre- 

metric analysis of the gas is shown, as determined by a biological 

indicator to be ethyleae,aftor a        continuous exhalation of it 

fcy sarcomatous rats (57, 30, and 27 days), ** wel1 

as concentrations. 

The results obtained    Indicate that the endegenic formation 

of ethylene is Inherent in rats and asearids. Considering the fact 

1$hat a number of authors have shown the possibility of ethylene for- 

mation by many higher plants and fungi, it can be assume* that this 

phenomenon is lnherentalso in many forms of »nimals, and in their 

«umber , also in man. 

C- • 



Number of days since start of experiments 

Flg.- 3t Comparative dynamics of ethylene exhalation by 
rats with sub- 
cutaneous abscesses (by rats of variants X and ix which 
were given ©thy- 
lene 5> days in advance of the experiment) 

1 - rats with subcutaneous abscesses (test 1) 

2. - healthy rats (control lij 

3 - healthy rats (control ill) 

,k ~  control (without;rats) 

The rats with the non-infectuous subcutaneous abscesses 

for the whole period of Sickness until tne full healing of 
the wounds 
caused by tue abscesses,completely lost the ability,caused 
by inhalation 
of ethylene by the animal, to produce an increased quantity 
of ethylene 
as compared with the control ^JU). 

f'3 



• Table 5 

Inhibition of Growth of Vicia Sativa Sprouts Due 
to the Emanation of Ethylen© Liberated by 

Asoarius cuum 

or 
.V  IHIMI.I 

SO 

80 

H 
.: S 
"6* 
~ at 

}!?u^(it radix <B .».») 
Topjwscemie poet» radix 

/53>» on«TC no cpsBBeiiHio 
(£•           C KCHTpOJIttt /Mr   Mi 

i . 
K<»ir;Ki.it> ^iHr (3^ ■ •"•" A.. V «?4-mf 

.   14 12 ST4-.3 47±2 + l»£3-2 18 2.9 

14a IX «0±J 44±3 .A. (64;3-» 27 5.3 

i4fi »>0 5Ö±2 4«i;3 + H+.3-2 li» 3.1 

3' 90 ! ai±a •W±» + 12.3 21 3.8 

"!-v Test Mo,;' 
2). Repetitions;   ' . 
3)  IT^raber of indicators; 
4} -Growth of radix in mm; 

i") 

6) 
7) 
3) 
9) 

1C) 

Inhibition of radix growth in the test as compared 
with the control: 
Control; 
Test;- ''. 
xn i3m; 
In percent^ 
Average. ' 

/'/ 
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Table 6. Results of a meas-apeotremetrie anelysia ef gaeea of tbe air 

circulated through a ehamber containing tumoroua rat a. 

Components Contents in percent 

"Ethylene 

Kitrogen 

Other gases 

Teat 

!»*£. 
after 5? daya 

J2*i- J?JJL 

afterJOd. 

1.1 

Centre! 

.2 \BQ. 5. 

aft.30d 

He. 

«ft. 2? d. . after 57 A, 

A*    AC**-, 
L 

O,0 

Several asternal faetora, probably, being eatalyata can laereaae 

the endogenie f «neatlett of ethylene in the erga&laa, but ether faetera 

of the oxidisizsg type, poaaibly transform ethylene into ita exide and 

other derivatives. 

Ultraviolet light, X-rays, and radioactive radiation, being 

the- strongest oxidising factors, possibly, aet on the organ!«* a* 

c&reenogens by traneforiaang ethylene into ita exide« 

Conclusions 

1. Healthy aniBJiAa form ethylene endogenously and exhale it into 

the surrounding medium at a rate of 17 - 20 mierelitera per 1 kg. of 

weight in 21». hours. 

2. After animals are subcutaneous ly injeeted with tumors the pro- 

duction of ethylene increases I4. - 5 fold, during the period of the begin- 

ning of the disintegration of the tumor the exhalation of ethylene de- 

creases and by the time of ulceration drops to the original quantity 

: (IT - 20 microliters) — 

•/If. 



r     3. Healthy rats after inhalation of ethylene acquiP 
re the ability to produce ethylene in increased quantities 
as compared with controls. 

4. The formation of subcutaneous abscesses in ani- 
mals takes away their ability to exhale ethylene into their, 
surrounding medium, 

5. Animals after receiving a subcutaneous injection 
~^of a suspension of aluminum hydroxide increase the produc- f- 
tion of tehylene as compared with controls. 

6. Healthy animals after exposure to ultraviolet 
light decreased the amount of ethylene exhaled three times 
as compared with the control. . 
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