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özet: Krotonik asidJinin 1/100, 1/1.009 ve 1/10.000 konsantrasyonlarmdaki 
ortam (Medyum 199) içinde yetiştirilen embriyo ve L-strain hücreleri üzerine olan 
tesirleri araştırıldı. 

— 1/100 ve 1/1.000 konsantrasyonlarmdaki deneylerin her biri iki ayrı seriye 
ayrıldı. Serilerin birinde krotonik asid ilâve edilmiş medyumun pH'ı sodyum bikar
bonat ile 7.2-7'.4'e ayarlandı. Diğerlerinde ise pH ayarlanmadı. 

— 1/100 konsantrasyonundaki krotonik asid ilk 3 saat içinde hücrelerin mor
folojilerinde gözle takip edilebilecek değişiklikler hasıl etmekte ve onların DNA sen
tezi yapmalarına mani olmaktadır. Buna mukabil aynı yoğunlukta fakat pH'ı ayar
lanmış krotonik asidli ortamda hücreler ilk 3 saat içinde DNA sentezi yapmakta
dırlar. Buna göre krotonik asid'in hücreler üzerine olan ilk tesiri pH derecesi ile 
ilgilidir. 

— Aynı yoğunlukta ve pH'ı ayarlanmış krotonik asid'li ortamda 24 saat bıra
kılmış hücreler DNA sentezi yapmaz. Yuvarlaklaşıp yapıştıkları lamel yüzeyinden 
kalkar ve ölürler. Buna göre pWı ayarlanmış 1/100 konsantrasyonundaki krotonik 
asid hücreleri yavaş yavaş zehirler, yani sitotoksik bir etkiye sahiptir. Ancak bu etki 
pH etkisinden daha zayıftır. 

— 1/1.000 konsantrasyonundaki krotonik asidli medyumda yetiştirilen: 

a) L-strain hücreleri üzerine pH'm tesiri hemen hemen hiç kalmamıştır. 

b) Krotonik asid'in embriyo hücreleri üzerine olan sitotoksik tesiri L-strain 
hücreleri üzerine olan tesirinden fazladır. 
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c) L-strain hücreler inde DNA sentezi yapan hücre yüzdesi 3 saat sonra her iki 
seride de kontrollarına nazaran azalmaktadır. 

d) L-strain hücrelerinde 24 ve 48 saat sonra her iki seride de hücrelerin DNA 
sentezi yüzdesi kontrollara nazaran bir azalma göstermektedir. 

e) L-strain hücrelerinde DNA sentezi yapan hücrelerin yüzdesi kontrollarına 
nazaran 120 saat sonra her iki seride de bir azalma göstermektedir. 

f ) Sıçan embriyo hücrelerinde DNA sentezi yapan hücrelerin yüzdesi kontrol
lara nazaran 3 saat sonra bir azalma veya çoğalma göstermemektedir. 

g) Sıçan embriyo hücrelerinde DNA sentezi yapan hücrelerin yüzdesi kontrol
larına nazaran 24 ve 48 saat sonra her iki seride de bir azalma göstermemektedir. 

h) Krotonik asidli meydumda tutma süresi ile DNA sentezi yapan hücrelerin 
oram beklenildiği gibi artan süre ile orantılı olarak daima azalmamaktadır. Meselâ: 
Embriyo hücreleri 1/1.000 konsantrasyonundaki her iki seride de 3 saat tutulmaları 
halinde DNA sentezi bakımından kontrollardan farksızdırlar. 24 saat sonra bu 
azalma oram her iki seride de fazlalaşmakta, 48 saat sonra ise, hücrelerde belli bir 
derecede iyileşme görülmektedir. 

— 1/10.000 konsantrasyonundaki krotonik asidli medyumda yetiştirilen: 
a) Embriyo hücrelerinde krotonik asidin sitotoksik tesiri ancak 48 saat sonra 

kendisini belli etmekte ve zamanla artmaktadır. 
b) Buna karşılık L-strain hücrelerinde bu tesir çok daha sonra kendisini hisset

tirmektedir. 

— RNA ve protein sentezleri bakımından] /l00 konsantrasyonundaki krotonik 
asidli pH'ı ayarlanmamış medyumda 3 saat tutulan her iki tip hücrede de sentez 
görülmemiştir. pWı ayarlanmış ortamda 3 saat tutulanlarda RNA ve protein sentezi 
bakımından kontrollarla deney serileri arasında sarih bir fark tesbit edilememiştir. 

Bu sonuç da krotonik asidinin ilk tesirinin yine pH ile ilgili olduğunu gösterir. 

Deney sonuçları bizi, krotonik asidin kanserojen madde olarak ilk tesirinin 
asiditesi sayesinde hücrelerin yaralanmasına dayandığını düşünmeye sevk eder. 

Snmnary : The effects of crotonic acid, at concentrations of 1/100, 1/1.000 
and 1/10.000 on rat embryonic and L-strain cells in tissue culture have been inves
tigated. 

— The experiments made with 1/100 and 1/1.000 concentrations were run in 
two series. In the first series the pH of the medium, to which crotonic acid was 
added, was adjusted to 1.2-1 A with sodium bicarbonate. In the other series, the 
pH was not adjusted. 

— Crotonic acid at the concenration of 1/100 ,during the first 3 hours caused 
visible changes in the morphology of the cells and blocked their DNA synthesis. On 
the other hand, the cells which were in a medium of crotonic acid at the same concen
tration but whose pH was adjusted, proceeded their DNA synthesis normally. It can, 
therefore , be concluded that the initial effect of crotonic acid on the cells is related 
to its pH degree. 
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— The cells kept in the medium for 24 hours with the pH adjusted and con
taining crotonic acid at the same concentration, did not perform the DNA synthesis. 
They rounded up, lifted from the surface of the cover-slips and died. Crotonic acid 
with its pH adjusted to a concentration of 1/100, therefore poisons the cells slowly; 
in other words it has cytotoxic effect. But, this effect is not as prominent as the pH 
one. 

— The cells kept in medium containing crotonic acid at a concentration of 
1/1.000 : 

a) The effect of pH is almost not present in L-strain cells. 
b) Its cytotoxic effect on embryonic cells is more stronger than its effect on 

the L-strain cells. 
c) In the L-strain cells, the percentage of the cells which make the DNA synthe

sis became less 3 hours later in both of the series, in comparison to the controls. 
d) In the L-strain cells after 24 and 48 hours, in both series the per cent of DNA 

synthesizing cells do not show a reduction when compared with the controls. 
e) In the L-strain cells, after 120 hours, the percentage of DNA synthesizing 

cells are reduced in both series in comparison to the controls. 
f) In the rat embryonic cells, after 3 hours the percentage of the DNA synthe

sizing cells do not vary from that of the controls. 
g) In the rat embryonic cells, the per cent of cells synthesizing DNA in both 

series, showed a reduction in comparison to the controls after 24 and 48 hours. 
h) The proportion of the duration in a crotonic acid medium and the cells which 

make DNA synthesis, did not decrease in proportion to the increase of the duration, 
as would be expected. For instance, the DNA synthesis of cells kept in concentration 
of 1 /1.000 for 3 hours did not differ from that of controls in both series. After 24 
hours, a reduction of synthesis in both series occurred and in 48 hours an apparent 
degree of recovery in cells was observed. 

— The cells kept in medium containing crotonic acid at a concentration of 
1/10.000: 

a) In the embryonic cells the cytotoxic effect of crotonic acid could only be 
observed after 48 hours and it increased as time passed. 

b) On the other hand, in the L-strain cells this effect expressed itself much 
later. 

— Both types of cells, kept in a medium containing crotonic acid at a concent
ration of 1 /i 00 and whose pH was not adjusted, for 3 hours, did not synthesize RNA 
and proteins. The cells kept in a medium, whose pH was adjusted, for 3 hours, did 
not show a clear difference from the controls in view of RNA and protein synthesis. 
This observation also of verifies the fact that the initial effect of crotonic acid is 
related to pH. 

The results of the experiments lead us to the presumption that the initial effect 
ofcrotonic acid as a carcinogen is based on its ability of wounding the cells because 
of its acidic nature. 



174 E. ÜÇER SERİ B, CİLT XXXVIII 
SAYI 1 - 4 

INTRODUCTION 
One of the characteristics of the multi-cellular animals is that the cells for

ming the organs and tissues do not multiply continuously. After an organ or a 
tissue reaches a certain size, the cell division either slows down or stops entirely. 
The reason for this process is not understood entirely yet and it is thought that a 
specific intercellular mechanism is responsible for it. Due to the effect of various 
factors, sometimes one or several cells, forming a tissue escapes this control me
chanism and begins to divide continuously. This type of multiplication is termed 
as abnormal growth or sometimes as carcinogenesis and several specific factors 
play a special role in the formation of this abnormal growth (ŞENGÜN, 1966). 
Previously, it was thought that the cytoplasmic components or cell membrane 
permeability was related to the carcinogenic process (HAMPERL et aL, 1942). 
Some investigators believed that the carcinogenic materials, affecting the cytoplasm 
in different ways lead to abnormal cell division (ACARSOY et aL, 1968; WILK and 
SCHWAB, 1968; WILK and WINDER, 1966). Others thought that the cell 
wall played a special role in this process (SACHS, 1970; SIVAK et aL, 1969). Anoth
er group of investigators turned their attention on the chromosomes (ROLLER, 
1972; HITOTSUMACHI et aL, 1972). Among them, BAYREUTHER (1960), 
JACKSON et aL, (1970) argued that during carcinogenesis a great change did 
not occur in the chromosomes. Others (LEVAN, 1969; PORTER et aL, 1969; 
GROUCHY et aL, 1966; D1PAOLA and DONOVAN, 1967; FRACCARO 
et aL, 1968) thought that the changes occurring in the chromosomes were related 
with the carcinogenic proccess. ŞENGÜN and GÖKDOĞAN (1969) observed 
that even though there was not a difference among the metaphase chromosomes 
in view of their number and morphology, the order of their DNA synthesis did 
not resemble those of normal cells. 

A carcinogenic material may have an effect on the cell wall, the cytoplasm 
(hyaloplasm) or its organels, including the nucleus and the chromosomes. But, it 
certainly changes the morphology and physiology of the cell. Therefore, a chem
ical reaction occurs between the molecular constituents of the cell and the car
cinogenic material, in order to find out among which molecules this reaction 
takes place or at least its nature, the use of a simple carcinogenic chemical would 
be quite convenient. For this reason, in this resarch work crotonic add was em
ployed as a carcinogenic substance. 

The formula of crotonic acid is CH3—CH=CH—COOH. It is a weak acid 
and belongs to oleic acid series of unsatureted fatty acids (HARPER, 1955). Some 
fatty acids are found in the natural oils (FRUTON and SIMMONDS, 1961). 
Crotonic acid is a constituent of croton oil (extracted from the seeds of Croton 
tiglium L. from Euphorbiaceae family) which is a natural oil and a co-carcinoge
nic chemical (BAYTOP, 1971; DIEM, 1962; FRUTON and SIMMONDS, 1961; 
HARPER, 1955). In medicinal chemistry crotonic acid is used in the manufac
ture of DL- threonin and vitamin A (STECHER, 1968). 

Croton oil which was used as a drug some time ago, is now used in the labo
ratories as the primary step (a co-carcinogenic agent stimulating the carcinoge
nesis) in the artificial carcinogenic process (ARFFMAN and OLAVIND, 1971; 
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BELMAN ard TROLL, 1972; BOND and ORR, 1969; BOUTWELL, 1964; 
BOUTWELL et aL, 1957; EPSTEIN and ROTH, 1968; FRANKFURT and 
REITCHEVA, 1972; FREI, 1968; FREI and RITCHIE, 1962; FREI and HAR-
SANO, 1967; GAUDIN et ai, 1971, GARCIA and LEVIA, 1971; GRAFFI 
et aL, 1953; HARTWELL, 1969; HENNINGS and BOUTWELL, 1964; HEN
NINGS and BOUTWELL, 1970; HENNINGS et aL, 1969, IR1NO et aL, 1963; 
KLEIN, 1953; MANOCH, 1969; MEYER-BERTENRATH, 1969; POUND, 
1966; 1968; SHINOZUKA and RITCHIE, 1967; VAN DUUREN et aL, 
1963 (a); YASUGI, 1968). Besides BRESCH (1968), HECKER (1963, 1967, 
1971), HECKER et aL, (1965), HECKER and SCHAIRER (1967), MEYER 
-BERTENRATH (1968, 1969), VAN DUUREN et aL, (1963 a), VAN 
DUUREN and ORRIS (1965) isolated croton resin, phorbol and its four diesters 
from croton oil. A , , A2 , A3 , A4 , A5 , B1, B2 , B3, B4 , B5 , B6 , B7 , B8 , B9 , 
C, D fractions, phorbol triacetate, phorbol myristate acetate, phorbol alcohol 
were also obtained from them. Many research workers investigated the 
carcinogenic activity of almost all of these substances (BAIRD and BOUTWELL, 
1971; BAIRD et aL, 1971; CLARKE and HECKER, 1965; FREINSTEIN et 
aL, 1970; HECKER, 1967; 1968; 1971; HECKER et al., 1966; HECKER and 
BRESCH, 1969; HECKER and SCHAIRER, 1967; KREIBICH et al., 1970; 
MEYER-BERTENRATH, 1968; PAUL, 1969; PAUL and HECKER, 1969; 
RILEY, 1968; ROE et aL, 1972; SIVAK and VAN DUUREN, 1967; SIVAK 
et aL, 1968, SIVAK et aL, 1969; SIVAK and VAN DUUREN, 1968; 1969; 1970 
(a); (b); 1971; VAN DUUREN, 1969; 1971; VAN DUUREN et aL, 1963(b); 
1966; 1971; VAN DUUREN and ORRIS, 1965; VAN DUUREN and SIVAK, 
1968; 1971; WILK and WYNDER, 1966). 

As indicated above, the carcinogenic effect of croton oil and the substances 
extracted from it have been investigated at a great extent. According to the lite
rature, the carcinogenic effect of crotonic acid has not been studied in detail. 
LEITHER et aL, (1963) found that crotonic acid had a cytotoxic effect on KB 
(Eagle) cells. For this reason, in another research work, instead of croton oil, 
crotonic acid was used. By the use of DMBA (7,12-Dimethylbenz (a) anthracen) 
tumor formation was induced in rats and then in this research work the mecha
nism of the effect of crotonic acid was investigated. The purpose of this research 
work, was to find out the effects of crotonic acid on the synthesis of DNA (Deo
xyribonucleic acid), RNA (Ribonucleic acid) and protein, which are one of the 
vital functions of the cell. The effect of crotonic acid on the condition of the cells 
was also investigated. 

MATERIALS AND METHODS 

In the experiments, two cell types in tissue culture were used. Normal cell 
type, rat embryonic cell (albino, Rattus norvegicus) and an abnormal cell type. 
The latter one is the L-strain cells obtained from the skin epidermal tissue of 
rats in 1945. Since then, these cells have been reared in tissue culture. 
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The Preparation of Embriyonic Cells for Experimental Use : 

The embryonic cells were obtained from pregnant albino rats, reared under 
standard conditions in our laboratories, by the use of tissue culture technics, 
mono-layer cells were prepared. The rats, approximately on 15-20 days of their 
pregnancy, were anaesthesized with ether and their embryos were excised under 
sterile conditons. The embryos were washed with BSS (Balanced Salt Solution 
-Difco Laboratories, USA) and the blood cells were removed. The internal organs 
of the embryos were removed with care while they were in BSS, and the differen
tiated tissues such as head, tail, and limbs were excised. The embryos, were then 
washed once more with BSS and finally with 0.25 % of trypsin solution. Then, 
these embryos were then excised into fine pieces by the help of a scissors and bis
toury, in trypsin which is at the same concentration. The trypsin solution, contain
ing the excised embryo tissues, were stirred on a magnetic stirrer for 20 minutes 
at a medium rate. In this way, the cells forming the embryos were separated from 
each other. The trypsin-cell suspension was then transferred to a centrifuge tube 
with a pipette, avoiding the large pieces. The suspension was centrifuged at 2000 
rpm for 3 minutes and the supernatant was evacuated. Tissue culture medium was 
added to the precipitated cells and a cell suspension was made. An adequate amount 
of cell suspension was then inoculated into the culture flasks and tissue cul
ture medium was added to the flasks containing the cells. In this way, a primary 
culture has been prepared. The culture flasks were kept in incubators at 37°C 
for ceil propagation. After a certain time, the cells stick to the bottom of the bottles 
and start to divide Theblocd cells, the cells of the differentiated tissues, and some 
of the dead embryonic cells float in the medium. 24 hours after the inocula
tion, the medium containing the floating cells was changed. 24 hours after this 
manipulation, the cells were washed with BSS and new medium was added to them. 

During the experiments, tissue culture medium 199 (Burrougs Wellcome Co., 
England) containing a mixture of penicillin and streptomycin and 10 %calf se
rum, was used. BSS, 0.25 % trypsin and medium 199 were prepared under ster
ile conditions and their pH was adjusted to 7.4 by sterile NaHCOj (4.4 %). 
The cultures were kept in the incubator (37°C) for 3 or 4 days or until the cells 
multiply and spread out over the surface of the culture flask. These primary cul
ture cells were removed from the flasks by trypsinization (0.25 %) and then cetri-
fuged as mentioned above. The supernatant trypsin was evacuated and by the 
addition of medium, cell suspension was prepared. From the cell suspension, now 
at secondary passage, 5 x 105 cells/ml were incoulated on over-slips in petri 
dishes and 10 ml of medium was added to each petri dish. The cells were then 
incubated at 37°C under a continuously changing atmosphere ofC02and air 
(5 % and 95% , respectively). 48 hours from this inoculation period, those cells 
which looked healthy and spreaded out evenly over the surface of the cover-slip 
were washed with BSS and used in the experiments. 
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The Preparation of L-strain Cells for Experimental Use : 

The L-strain cells were originally sent to our laboratory from the Radi-
otherapeutics Department of the Cambridge University in England. Continuous 
cell lines were prepared from this original stock in our laboratory. Some of the 
cells, used as stock ones, were frozen and kept in liquid nitrogen (KARADENİZ, 
1972; ÖZALPAN, 1971). L-strain cells were propagated in culture flasks rou
tinely. As in the embryonic cells, by the use of the same technics, secondary pas
sages were prepared from these cells. 48 hours after the inoculation on cover-slips, 
the cells were washed with BSS and then used in the experiments. 

The Preparation of Crotonic Acid for Experimental Use: 

In order to find out the physiological changes produced by crotonic acid 
on cells, three different concentrations were used. A 10% aqueous solution of cro
tonic acid (Crotonic Acid, The British Drug Houses Ltd. England) was prepared. 
From this solution, three series having the final concentrations of 1/100 (10 
mgm/ml), 1/1.000 (1 mgm/ml), 1/10.000 (100 ngm/ml) in 10 ml of medium 
were prepared. Under our experimental conditions, the pH of the medium con
taining crotonic acid at concentrations of 1/100, 1/1.000, and 1/10.000 were 4, 
6.2 and 7.2. In order to alleviate this acid effect, in addition to the above ones 
other series having 1/100 and 1/1,000 concentrations of crotonic acid in medium 
whose pH was adjusted between 7.2-7.4 by 4.4% NaHC03 were prepared. 
Since thepH of 1/10.000 concentration series was at the normal range, a new one 
with its pH adjusted was not prepared. 

Definition of the Experimental Procedures : 

The effects of crotonic acid on DNA synthesis of embryonal and L-strain 
cells were investigated as mentioned below. 

Series 1 —The cells in crotonic acid containing medium at 1/100 concentration 
for 3, 24, and 48 hours, 

Series 2 — The cells in crotonic acid containing medium at 1/100 concentration 
with the pH adjusted by 4.4% NaHC03 for 3, 24, and 48 hours, 

Series 3 —The cells in crotonic acid containing medium at 1/1,000 concentra
tion for 3, 24, and 48, 

Series 4 —The cells in crotonic acid containing medium at 1/1.000 concentra
tion with the pH adjusted by 4.4% NaHCO, for 3, 24, and 48 hours 
(the L-strain cells in series 3 and 4 in order to understand the influ
ence of prolonged exposure at low concentration were also kept 
in the medium for 120 hours), 

Series 5 — The cells in crotonic acid containing medium at 1/10.000 concentra
tion for 3, 24, 48, and 120 hours, 
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Series 6 —As control, the cells in normal medium for 3, 24, 48, and 120 hours, 
were all incubated at 37°C in petri dishes. 

At the end of these periods, the crotonic acid containing medium was 
withdrawn and the cells were washed with BSS (the same procedure was applied 
to the cells of the control group). Afterwards, the cover-slips with cells attached 
on them, were transferred to petri dishes having 10 ml of medium which con
tained 1 p.Ci/ml tritiated thymidine (3H-TdR) of specific activity 5 Ci/mM (The 
Radiochemical Centre, Amersham-England). After 30 minutes of incubation at 
37°C, the medium was withdrawn and the cells were fixed with Carnoy's fixative 
(3:1 96% ethanol: glacial acetic acid) for 15 minutes. They were then kept in 
70 % ethanol for 5 minutes and dried in air. 

The following procedures were used for the investigation of crotonic acid 
effects on RNA synthesis : 

The cells were kept in the medium containing crotonic acid at 1/100 con
centration for 3 hours, 

The cells were kept in the medium containing crotonic acid at 1/100 con
centration, with the pH adjusted by 4.4 % NaHC03, for 3 hours, 

The control cells were kept in normal medium for 3 hours. At the end of 
this period, the medium of all the cells was withdrawn and they were washed 
with BSS. The cover-slips with the cells attached on them, were transferred 
to petri dishes having 10 ml of medium which contained 3 (iCi/ml tritiated 
uridine (3H—UR) of specific activity 5 Ci/mM (The Radiochemical Centre, 
Amersham-England). After 30 minutes of incubation at 37°C, the medium was 
withdrawn and the cells were fixed with Carnoy's fixative for 15 minutes, kept in 
70 % ethanol for 5 minutes, and dried in air. 

The following procedures were used for the investigation of crotonic acid 
on protein synthesis: 

The cells were kept in the medium containing crotonic acid at 1/100 con
centration for 3 hours. 

The cells were kept in the medium containing crotonic acid at 1/100 con
centration for 3 hours, 

The control cells were kept in normal medium for 3 hours. At the end of this 
period, the medium of the cells was withdrawn and they were washed with BSS. 
The cover-slips with cells attached to them, were then transferred to petri dishes 
having 10 ml of medium which contained 4 nCi/ml tritiated leucine (3H-LeU) 
of specific activity 500 mCi/mM (The Radiochemical Centre, Amersham-Eng
land). After 40 minutes of incubation at 37°C, the medium was withdrawn, the 
cells were fixed in 4 % neutral formol and they were then dried in air. 

Preparation of the Cells for Autoradiography : 

After the cover-slips (With cells attached on them) were dried in air, they 
were attached to gelatinized microscope slides with the aid of colorless finger nail 
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polish. The slides were prepared according to autoradiographic technic and their 
autoradiograms were made in the dark room by using the stripping-film, Kodak 
AR. 10 plates (ROGERS, 1967), method. After the films were dried, the slides 
were placed in black, light proof boxes under Drierite and kept at 4°C in the ice-box. 
The exposure times for 3H-TdR, 3H-UR, and 3H-LeU were 3, 4, and 12 days, 
respectively. The films were then developed with Kodak EM 9b developer and 
fixed with Kodak fixative. They were then washed with distilled water and dried 
under air. 

The Staining Procedures with the Giemsa Stain : 

KH2P04 and Na2HP04 were added to distilled water in an amount to bring 
the pH of the final solution to 7.2 and kept in the ice-box. From this cold buffer 
solution by the addition of Giemsa, a 10% stain solution was prepared and the 
final solution was filtered. The slides were left in this stain for 7 minutes, washed 
twice with distilled water and were then left to dryness at room temperature. 

The Evaluation of the Experimental Data : 

The slides, prepared as mentioned above, were examined under regular light 
microscope (Carl Zeiss Jena) at 40 x 10 and 100x10 magnifications. For the 
determination of DNA synthesis, the amount of cells with labelled (synthesizing 
ones) and unlabelled (unsynthesizing ones) nuclei were counted. Thus, the per cent 
of DNA synthesizing cells was calculated. From each coverslip, 500 cells, in five 
different regions, were counted. For the determination of RNA synthesis, the 
amount of grains in the nuclei and for that of the protein, grains distributed over 
the whole cell were counted. In all of the three determinations, the cells of the 
experimental and control groups were counted. During the examination of the 
RNA and protein synthesis, from each series 200 cells were counted. The means 
of the counts were found and the standard error from mean value was calculated 
according to the standard statistical methods. In the experimental series, the per 
centage of the difference of the synthesizing cells from that of the control ones 
was calculated. The mean values and the per centage of reduction in the synthesis 
of experimental and control series were compared. In this way, the effects of 
crotonic acid on the synthesis of DNA, RNA, and protein were investigated. 

OBSERVATIONS 

I — Microscopic Observations 

Embryonic and L-strain cells were examined under regular light microscope 
immediately after the addition of crotonic acid at 1/100 concentration. At this 
concentration, the cell membrane, nucleus and its membrane had a more clear 
appearance and had a darker color than the control cells. The cytoplasm of the 
cells also had a clear appearance than the control ones and showed a sponge 
-like net formation. 3 hours after these observations, an additional alternation in 
cells was not observed. At the end of 24 hours, besides the above mentioned changes 
in the cells, vacuole-like structures in their cytoplasm and the appearance of 
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granules, which could not be seen in normal cells, were observed. After 48 hours 
a major difference in cells, in comparison to the observations made in 24 hours, 
was not found. Both embryonic and L-strain cells fixed and stained with the Giem
sa stain 3, 24, and 48 hours after the addition of crotonic acid, showed alter
ations when compared with the control cells. The control cells were stained nor
mally with the Giemsa cells, whereas the cytoplasm, nucleus and nucleolus of 
the experimental ones had a very pale color. 

The embryonic and L-strain cells did not exhibit any alterations, in compar
ison to the controls, when examined under the regular light microscope, imme
diately after the addition of crotonic acid at concentration of 1/100 with its pH 
adjusted. At the end of 3 hours, some of the same cells started to elongate. After 
this period the majority of the cells were found to be stained normally with the 
Giemsa stain as the control ones. Only, those cells which had started to elongate 
had a darker color than the other cells and the control ones. In this series, in both 
cell types examined after 24 hours, it was observed that some of the cells had a 
round where as others had a spindle shape. Some of the rounded cells were also 
lifted from the surface where they were attached. The cells which preserved their 
normal shape were quite few in number. The cells fixed and stained with Giemsa 
stain, at the end of this time had a much darker color than the controls and in 
some of these, all the parts of the cell were stained in the same color. After 48 
hours, when the experimental cells were examined under the microscope, it 
was observed that none of them was surviving. All the cells were rounded up 
and were lifted from surface where they were attached. 

The cells kept in crotonic acid containing medium at concentrations of 1 /1.000 
1/10.000 for 3, 24 and 48 hours did not exhibit any alterations when examined 
under regular light microscope, in comparison to the controls. When the cells 
were fixed and stained with Giemsa, at the end of these periods, a difference be
tween the control and the experimental ones was not observed. 

II — Physiological Observations 

The effects of crotonic acid on DNA synthesis : 

DNA synthesis did not take place in both cell types kept in crotonic acid 
containing medium at a concentration of 1/100, for 3, 24, and 48 hours (Ta
bles I and II). A difference in view of DNA synthesis between the cells kept in 
crotonic acid of the same concentration, with its pH adjusted, for 3 hours, and 
the control ones was not observed. In this series, only in the L-strain cells the DNA 
synthesizing ones after 3 hours, were reduced by 14.90%. DNA synthesis was 
not observed in both types of cells kept in crotonic acid containing the medium 
at 1/100 concentration, with the pH adjusted, for 24 and 48 hours (Tables I and 
II). At the end of these periods, some differences occurred in the morphology of 
the cells in comparison to the controls. In this series, after 48 hours all the cells 
of the two types died and left the surface where ";ey were attached. Both cell 
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types were observed to be sensitive to crotonic acid at the concentration of 1/100 
with the pH adjusted and unadjusted (with the exception of the embryonic cells 
in the first 3 hours of the pH adjusted series). 

TaMo: 1 

The Effect of Crotonic Acid at 1/100 Concentration on DNA Synthesis 
of Rat Embryonic Cells. 

Period 

3 hours 
24 hours 
48 hours 

1/100 Crotonic acid 

Synthe
sizing 
cells 

% 
— 
— 
— 

Reduction 
according to 
the control 

% 
— 
— 
— 

1/100 Crotonic acid 
(PH 

Synthe
sizing 
cells 
% 

16.09 + 0.90* 
— 
— 

adjusted) 

Reduction 
according to 
the control 

% 
— 
— 
— 

Control 

Synthesizing 
cells 

% 

16.% + 0.79* 
14.41 ± 0.20 
13.04 ± 0.65 

Table II 
The Effect of Crotonic Acid at 1/100 Concentration 

on DNA Synthesis of L-strain Cells. 

1/100 Crotonic acid 1/100 Crotonic acid 
(pH adjusted) 

Control 

Period 

3 hours 
24 hours 
48 hours 
* Standard 

Synthe
sizing 
cells 

/ o 

— 
— 
— 

Reduction 
according to 
the control 

% 
— 
— 
— 

error from the mean. 

Synthe
sizing 
cells 

% 
32.25 + 0.68* 

— 
— 

Reduction 
according to 
the control 

% 
14.90 
— 
— 

Synthe
sizing 
cells 

/ 0 

37.90+0.55* 
36.28+0.31 
33.28 + 0.31 

In the rat embryonic cells kept in 1/1.000 concentratin of crotonic acid (with 
the pH adjusted and unadjusted) containing the medium, for 3 hours, the per cent 
of DNA synthesizing cells did not differ from that of the controls. On the other 
hand, in the L-strain cells which are kept in the same series for 3 hours, the per* 
centage of the cells which make DNA synthesis, show a decrease of 4.85% in the 
pH adjusted and 3.50% in the pH unadjusted series, according to their controls. 
The DNA synthesis of rat embryonic cells, kept in the medium containing cro
tonic acid at a concentration of 1/1.000 for 24 hours with pH unadjusted was 
reduced by 51.35% and 34.42% in comparison to the controls. For both scries, 
even though a higher reduction in the synthesis was expected, a recovery in the 
cells occurred (Table III). The per cent of DNA synthesizing cells of L-strain cells 
kept in this concentration (pH adjusted and unadjusted) for 24 and 48 hours did 
not differ from that of the controls. The per cent of DNA synthesizing cells of 
L-strain cells kept in crotonic acid containing medium for 120 hours was 
reduced in comparison to the controls. The experimental results obtained from 
this concentration can be summarized as follows: 
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a) In the L-strain cells, the per cent of DNA synthesizing cells after 3 hours 
is reduced when compared with the controls. This amount is 3.50% and 4.85% in 
the pH adjusted and unadjusted series, respectively. 

b) In both series, after 24 and 48 hours a decrease in DNA synthesizing cells 
of L-strain cells was not observed, when compared with the controls. 

c) The per cent of DNA synthesizing cells of L-strain cells after 120 hours 
of the pH adjusted and unadjusted series was reduced by 22.12% and 25.63% 
respectively, in comparison to the controls. 

d) The per cent of DNA synthesizing cells of rat embryonic ones, after 3 
hours did not show an increase or a decrase when compared with the controls. 

e) After 24 hours, in the pH unadjusted and adjusted series, the amount of 
DNA synthesizing cells ofrat embryonic cells was reduced by 51.35% and 34.42% 
respectively in comparison to the controls. 

f) After 48 hours, in the pH unadjusted and adjusted series, the amount 
of DNA synthesizing cells of rat embryonic ones, was reduced by 38.04% and 
27.38% respectively, in comparison to the controls. 

Table: m 
The Effect of Crotonic Acid at 1/1.000 Concentration 

on DNA Synthesis of Rat Embryonic Cells. 

Period 

1/1.000 
Crotonic Acid 

1/1.000 
Crotonic Acid 
(pH adjusted) 

Control 

3 hours 
24 hours 
48 hours 

Synthe
sizing 
cells 

% 
16.85±0.65* 
7.01 + 0.12 
0.08+0.28 

Reduction 
according to 
the control 

% 
— 
51.35 
38.04 

Synthe
sizing 
cells 

% 
16.58+0.49» 
9.45 ±0.40 
9.47+0.14 

Reduction 
according to 
the control 

% 
— 
34.42 
27.38 

Synthe
sizing 
cells 

% 
16.96+0.79* 
14.41+0.20 
13.04±0.65 

Table : IV 
The Effect of Crotonic Acid at 1/1.000 Concentration 

on DNA Synthesis of L-strain Cells. 

Period 

3 hours 
24 hours 
48 hours 

120 hours 

1/1.000 
Crotonic Acid 

Synthe- Reduction 
sizing according to 
cells the control 

% % 
36.57±0.41' 3.50 
36.90±0.41 -
32.89±0.55 -
18.87±0.35 22.12 

1/1.000 
Crotonic Acid 
(pH adjusted) 

Synthe- Reduction 
sizing according to 
cells the control 

% % 
36.06±0.48* 4.85 
36.71+0.23 — 
33.97±0.30 — 
18.12±0.52 25.63 

Control 

Synthe
sizing 
cells 

% 
37.90±0.55' 
36.28+0.21 
33.28±0.31 
24.23±0.49 

* Standard error from the mean. 
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g) As would be expected, a proportional increase in the reduction of DNA 
synthesizing cells did not occur always as the period of keeping the cells in cro-
tonic acid containing medium prolonged. For instance, in both series the DNA 
synthesis of embryonic cells at I /1.000 concentration after 3 hours, did not 
differ from that of the controls. After 24 hours, in both series, this reduction ra
tio increased and in 48 hours an apparent degree of recovery in the cells occurred. 

The values shown in the above mentioned results are listed in Tables III and 
IV. The comparison of the results indicate that, at this concentration the reduc
tion changes in relation to time and cell type. 

Crotonic acid, at 1/10.000 concentration, did not alter the amount of the 
per cent of DNA synthesizing cells when compared with the controls, of rat em
bryonic cells after 3 and 24 and L-strain cells after 3, 24, and 48 hours. This con
centration, in DNA synthesizing cells of rat embryonic ones after 48 and 120 hours 
caused a reduction of 34.43% and 42.74% respectively. The same concentration 
in DNA synthesizing cells of L-strain ones caused a reduction of 21.29% after 
120 hours (Tables V and VI). These results show that even at the lowest concent
ration, the sensitivity changes in relation to cell type and the time of exposure to 
the chemical substance. 

TaMc: V 

The Effect of Crotonic Acid at 1/10.000 Concentration 
on DNA Synthesis of Rat Embryonic Cells. 

Period 

3 hours 
24 hours 
48 hours 

120 hours 

1/10.000 
Contonic Acid 

Synthe
sizing 
cells 

% 
16.85 ±0.41* 
13.96±0.41 
8.55 ±0.91 
5.88+0.05 

Reduction 
according to 
the control 

% 
— 
— 

34.43 
42.74 

Control 
Synthesizing 

ails 

% 
16.96+0.79* 
14.41 + 0.20 
13.04±0.65 
10.27+0.42 

Table : VI 

The Effect of Crotonic Acid at 1/10.000 Concentration 
on DNA Synthesis of L-strain Cells. 

Period 

3 hours 
24 hours 
48 hour» 

120 hours 

1/10.000 
Crotonic Acid 

Synthe
sizing 
cells 

% 
37.81 ±0.45* 
36.10±0.53 
33.56±0.28 
19.07±0.64 

* Standart error from the mean. 

Reduction 
according to 
the control 

% 
— 
— 
— 

21.29 

Control 
Synthesizing 
cells 

% 
37.90±0.55* 
36.28±0.21 
33.28±0.31 
24.23±0.49 
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The effects of crotonic acid on RNA and protein synthesis: 

RNA and protein synthesis did not take place in rat embryonic and L-strain 
cells kept in crotonic acid containing medium at a concentration of 1/100 for 
3 hours. RNA and Protein synthesis of both cell types kept in crotonic acid 
containing medium for 3 hours with the pH adjusted, did not differ from the 
controls significantly (Tables VII and VIII). 

TaMe: M l 
The Effect of Crotonic Acid to RNA Synthesis at 1/100 Concentration. 

1/100 Crotonic acid 
1/100 Crotonic acid 
(pH adjusted) 
Control 

L-strain Cells 
Mean 
grain 
count 

— 
90.67+0.78* 

92.58+0.82 

Rat embryonic Cells 
Mean 
grain 
count 

— 
85.59+0.86* 

87.35±0.64 

Table: VIII 
The Effect of Crotonic Acid to Protein Synthesis at 1/100 Concentration. 

1/100 Crotonic Acid 
1/KJ0 Crotonic Acid 
(pH adjusted) 
Control 

L-strain Cells 
Mean 
grain 
count 
— 

129.58+1.26* 

131.83 + 1.42 

Rat embryonic Cells 
Mean 
grain 
count 
— 

110.74±0.93* 

112.67+1.08 
Standard error from the mean 

DISCUSSION 

The co-carcinogenic effect of croton oil, which has a complex structure, have 
been discussed in detail by various research workers (ARFMAN and GLAVIND, 
1971; BELMAN an<* TROLL, 1972; BOND and ORR, 1969; BOUTWELL, 
1964; BOUTWELL et al., I957; EPSTEIN and ROTH, 1968, FRANKFURT 
and REITCHEVA, 1972; FREI, 1968; FREI and RITCHIE, 1962; FREI 
and HARSONO, 1967; GAUDIN et al., 1971; GARCIA and LEVIA, 1971, 
GRAFFI et al., 1953; HARWELL, 1969; HENNINGS and BOUTWELL, 
1964; 1970; HENNINGS et al, 1969; HOMBURGER, 1969; IRINO et al, 
1963; KLEIN, 1953; MEYER-BERTENRATH, 1969; MONOCHA, 1969; 
POUND, 1966; 1968; SHINOZUKA and RITCHIE, 1967: VAN DUURENeV 
al, 1963(a); YASUGI, 1968). Crotonic acid is one of the constituents of croton 
oil(BAYTOP, 1971; DIEM, 1962; FRUTON and SIMMONDS, 1961; HARPER, 
1955; STECHER, 1968). 
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The formation of crotonic acid from butyric acid and its reversible conver
sion to L-JJ-hydroxybutyric acid, which is also formed from butyric acid, (FRUTON 
and SIMMONDS 1961, STUMPF and BARBER 1960) and also the role of 
crotonyl-CoA in the metabolism of fatty acid (in the formation of L-3-hydroxy-
Ibutryl-CoA) show that this chemical substance has significant values in the 
physiology of the cells. The exact role of crotonic acid in cell physiology is not 
clear yet, though. As will be seen below, besides the fatty acid metabolism, it is 
also effective on the synthesis of nucleic acids and proteins. Current literature 
does not mention the relation of crotonic acid between nucleic acids and proteins 
at the molecular level. 

The cytotoxic effect of crotonic acid was established before (LEITHER et 
al., 1963). Our experimental data clearly show that as the dilutions of the concen
tration increased, the cytotoxic effect decreased also. Since this phenomenon 
pertains for all the cytotoxic materials, one cannot think that the effect due to 
the concentration changes will be different from that of the other cytotoxic ma
terials. But, during our experiments we observed that since crotonic acid has an 
acidic nature, it had a special effect in this view. This effect of crotonic acid is be
cause of the similarity of the one at 1/100 concentration whose pH is adjusted, to 
the one at the concentration of 1/1.000 whose pH is not adjusted. Even though 
the concentration changed, and crotonic acid lost its acidity at the higher conce-
tration, it still exerted its toxic effect (comparison of 3 hours series from Tables 11 
and III). The comparison of Table HI shows that the harmful effect of crotonic acid 
with the pH adjusted is not so high. One can think that the pH may also play a 
role in view of the carcinogenic effect. Croton oil is proved to be an "irritant" 
by the research workers who have worked with it (HECKER, 1968; 1971). When 
acetic acid and picric acid were used, the skins of the experimental animals were 
found to be sensitized to some carcinogenic materials (MAGUIRE and CHASE, 
1972; POUND, 1966; 1968). In fact, all the acids have the ability to disrupt the 
organic materials and also to kill the living organisms. Most probably, the reac
tive groups produced by the distruption of the organic materials form abnormal 
structures easily by reacting with the carcinogenic chemicals or with its metabo
lites. This presumption supports the theoritical data that the carcinogenic process 
involves many steps, or at least two, following each other (BERENBLUM, 1947; 
1964; BURROWS, 1969; BOUTWELL, 1964; DAUDEL and DAUDEL, 1966, 
RILEY, 1968; VAN DUUREN, 1969). On the other hand, by the effect of an 
acid coming to the cell from an external source, the intracellular pH changes and 
in ihis way alterations in the normal biochemical chain reactions of the cell oc
curs (LUZZANA et al., 1971; PAILLARD, 1972; RUBIN, 1971). 

Our results show that crotonic acid, besides its acidic effect, also affects DNA, 
RNA, and protein metabolisms of the cells. For instance, if the cells are kept in 
the medium containing crotonic acid at a concentration of 1/100, with the pH 
adjusted, for 24 hours or more, all the cells stop surviving (Tables I and III). 
The per cent of DNA synthesizing cells of rat embryonic ones, remain unchanged 
in the first series but a reduction occurs, in relation with time, when the cells are 
kept in the medium containing crotonic acid at 1/1.000 concentration with the 
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pH adjusted or unadjusted (Table III). The L-strain cells, in the first series differ 
a little from the controls, and in the other two series they do not vary from the 
controls. A reduction occurs only when the time of exposure is prolonged (Ta
ble IV). In the experimental series at 1/10.000 concentration, the per cent of DNA 
synthesizing cells decreases (in the rat embryonic cells at 48 and 120 hours) pro
portionally with the time of exposure. In the cells kept in crotonic acid contain
ing the medium for a long time (in L-strain cells at 120 hours, in contrast to the 
other periods) a significant reduction in comparison to the controls occurs (Ta
bles V and VI). This phenomenon can best be explained by the cytotoxicitiy of 
crotonic acid. 

Of the average of the percentage of the cells which make synthesis is the 
control series is examined, it can be seen that even these numbers increase in pro
portion with duration. The main reason for this observation is that as the time 
goes on, the cells continue to multiply and as it is known, in monolayer cell cul
tures, when the cells are in close contact with each other the mitosis stops (ABE-
RCROMBIE and HEAYSMAN 1953, HAY 1970, KOHN 1968, MICHL and 
SVOBODOVA 1970). These phenomena of the increase in cell volume and cul
ture's ageing may be considered to be also effective on cells kept in crotonic acid 
containing medium. The difference in DNA synthesis between the end of 3 and 
120 hours of incubation periods may probably be due to the above mentioned 
phenomena. But, in our experiments: 

a) Almost the same amount of cells were inoculated on each cover-slip 
(5x l0 4 cells). 

b) Each series were compared with the control series at the same age. 

For example, the per cent of DNA synthesizing cells kept in crotonic acid 
for 120 hours was compared with that of the control series of 120 hours. 

Besides the DNA synthesis, RNA and protein synthesis of cells kept in cro
tonic acid at 1/100 concentration were investigeted. RNA and protein synthesis 
did not take place in the series whose pH is unadjusted. But, in the first 3 hours 
their synthesis did not differ from that of the controls in the series whose pH is 
adjusted, as was observed in the DNA synthesis experiments (Tables VII and 
VIII). 

Similar effect of crotonic acid on DNA, RNA, and protein synthesis show 
that this effect imposes itself, at least that of DNA and protein synthesis mecha
nisms, at the same time. In both cases, the nature of this effect is based on the 
disruption of the nucleic acid, most probably. The cells, in the medium containing 
crotonic acid at 1/100 concentration with the pH unadjusted, remain unchanged 
at an immediate observation. After 48 hours, a clear morphological altera
tion in these cells cannot be seen. Normally, Giemsa stain stains RNA and DNA. 
But, these cells are stained differently than the control ones. The paler staining of 
the cytoplasm and the nucleus according to the controls, of the cells in 1/100 
crotonic acid concentration may lead us to presume that RNA is disrupted by 
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crotonic acid. In the cells kept in the medium containing 1,100 crotonic acid 
with the pH adjusted, such a pate staining is not observed. In the dead cells,.due 
to shrinking RNA passes into a more condensed condition and is stained darker. 
According to these observations, we can conclude that the pale staining of the 
pH unadjusted cells is due to the acidity. 

The two cell types, used in our experiments, reacted similarly to the acidic 
and cytotoxic effects of crotonic acid, but unsimilarly to dose and time factors 
(Tables I-Vl). It is known that different cell types respond to a specific chemical 
in various ways depending on species, physiological conditions, and especially to 
differentiation forms. For example, polycyclic carcinogens do not cause carci
nogenesis at the same dose and period on the skins of mice, rats, and guinea pigs 
(BERENBLUM, 1954). With 4-dimethylaminoazobenzene, tumor is preferably 
formed in the liver cells (see ENGİNÜN, 1972 for review). Research works done 
recently, have shown that some toxic chemicals have different effects on different 
cell types (ÖZALPAN 1972, ÖZALPAN 1973 b). The molecular reasons for 
this behaviour is not known yet. The different mode of reactions of L-strain and 
embryonic cells to crotonic acid were also observed towards hydrazine hydrate 
(ÖZALPAN, 1973a). During our experiments, it was observed that this differ
ence between the two cell types was not persistant in relation to time. Even though 
the L-strain cells, kept in crotonic acid at 1/1.000 concentration, were more sen
sitive to the chemical, than the controls during the first 3 hours, as the time lapsed 
this sensitivity was found to be decreased. For example, after 24 hours their DNA 
synthesis did not differ in number from the controls. On the other hand, DNA synt
hesis of rat embryonic cells was reduced in a significant amount in 24 hours in com
parison to the controls. Their sensitivity to crotonic acid continued and the reduction 
in synthesis from the controls reached to 51.35%. In the next 24 hours, it was ob
served that these sensitivites against crotonic acid began to decrease and the re
duction of synthesis dropped to 38.04%. Even though the DNA synthesis of rat 
embryonic cells, kept in crotonic acid ât 1/10.000 concentration for 3 and 24 
hours, did not differ from the controls, after 48 hours a re. iction in synthesis 
about to 34.43% occurred. This amount reached 42.74% after 120 hours. In the 
L-strain cells, a reduction in synthesis after 120 hours was also observed, but this 
decrease was almost half that of the embryonic cells. The decrease and increase 
in relation to time (Tables III-IV) may depend on the cell cycle. Since we have 
not worked with synchronized cells, we cannot come to such a conclusion yet. 
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