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Apoptosis is a genetically programmed type of cel-
lular death, which allows to preserve considerable part 
of cellular material and energetic potential. Violation of 
apoptotic mechanisms results in numerous disorders 
including development of different types of tumors 
[1]. Study of apoptosis initiation conditions in tumor 
tissue, mechanisms of action, and interaction of vari-
ous factors that could enhance cell death, will allow 
developing in the future new approaches for inducing 
of massive apoptosis in tumor tissue. The major task 
for researchers is searching for methods of destruction 
of tumor tissue not harming the normal one.

Phospholipids play an important role in signal trans-
duction. Often, this function is not carried out by phos-
pholipids per se, but by their phosphorylated, acylated, 
or hydrolytic derivatives. Intensive efforts are being 
made now to analyze of mechanism of action of these 
derivatives because this mechanism is used in regula-
tion of cell division, transformation, apoptosis and hor-
mone secretion. N-acylethanolamines (NAEs), which 
can be formed by hydrolysis of N-acylated derivatives 
of phosphatidylethanolamines — NAPE, attract the at-
tention of researchers lately, due to their high biological 
activity. Their effects were shown on natural and syn-
thetic membranes, ion transfer, lipid peroxidation and 
other important processes [2]. Information appears 
on their participation in apoptosis regulation [3–6].

The antimitotic agents are widely used as antineo-
plastic drugs. Their high toxicity for normal tissues 
limits their using. Therefore, search for compounds 
which enhance their effect, facilitate penetration 
of antimitotics in target cells, promote selectivity of 
their action upon tumor tissues is the primary task of 

pharmacotherapeutic researches. NAE that are able 
to speed up apoptotic processes and easily penetrate 
through cellular membrane, are promising compounds 
as possible synergetics to antimitotics.

A comparative study of apoptotic DNA fragmen-
tation dependence on the action of NAE and some 
antimitotic agents (taxol, colchicine, cytochalasin B) 
in human adrenal conventionally normal tissue (CNT) 
and tumor tissues was the purpose of this work.

MATERIALS AND METHODS
Materials. All the salts, HCl, NaOH were provided 

by Merck (Germany); HEPES, colchicine, cytochala-
sin B, ЕDТА, proteinase К, BSA (V fraction, content of 
lipids less than 0.1%) — were by Serva (Germany). 
Taxol by Wako Chemicals (Japan); agarose, H3BO3, Tris 
from Sigma (USA). Lysis buffer, primary and second-
ary antibodies for cleaved caspase-3 by Cell Signaling 
Technology, USA. The rest of reagents were obtained 
from local suppliers. All solvents were distilled before 
use. The NAE mixture used in experiments, contained 
derivatives of saturated and unsaturated fat acids. 
The NAE mixture was produced in the laboratory of 
V.E. Vaskovsky (Institute of Marine Biology, Far East 
Science Center, Vladivostok) from vegetable raw ma-
terial and contains up to 85% unsaturated fat acids: 
18 : 1 ω 9; 18 : 2 ω 6; 18 : 3 ω 3; 20 : 1 ω 9; 22 : 1 ω 9. 

Tissue. The study was approved by the Institute’s 
Ethics Committee. 

Effects of NAE and antimitotics were studied in 
CNT and tumor tissue of human adrenals. Tumors and 
CNT of adrenal cortex, adjacent to tumor were used. 
The sections of tissue, that keep a normal structure, 
were separated from tumor tissue and designated as 
CNT. Tissues simultaneously were studied by patholo-
gists, and final diagnoses of disease were presented 
in Table 1. Slices of tumors and paired CNT samples 
were taken from 84 patients operated at the Surgical 
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Department of the Institute of Endocrinology (Kyiv, 
Ukraine). 
Table 1. Morphology of some used tissues

Diagnosis 
(pathomor-
phological)

Age 
and 
gen-
der

Size of 
tumor 
(сm)

Notes

Tissue 

Tu-
mor CNT

Adenocarci-
noma

55, m 7 х 6 х 4 dark-red, soft racemose 
tissue, 

+

Aldosteroma 44, f 2 х 2 х 2 ochre-yellow tissue, gland’s 
atrophy

+ +

Aldosteroma 38, m 3 х 2 х 1.5 soft homogeneous ochre-
yellow tissue

+

Androsteroma 52, f 3 х 3 х 3 dark-brown, soft tissue +

Androsteroma 44, f 7 х 6 х 4 light-brown, soft homogene-
ous tissue

+ +

Androsteroma 37, m 15 х 10 
х 12

dark-brown, soft homogene-
ous tissue

+

Hormonally in-
active tumor

57, m ochre-yellow tissue +

Hormonally in-
active tumor

52, f 6 х 4 х 2 dense, homogeneous
ochre-yellow tissue

+

Hormonally in-
active tumor

52, f 4 х 4 х 3 soft, stretchy, rounded +

Pheochromo-
cytoma  

26, f 5 х 5 х 4 soft tissue, dark-pink, with 
area of necrosis

+ +

Pheochromo-
cytoma  

62, f 6 х 5 х 3 tissue homogeneous, mot-
ley, with area of necrosis

+

Fibroma 62, f 11 х 8 х 7 cortex’s atrophy, ochre-
yellow 

+

Notes: m — male, f — female.
Conditions of incubation. Adrenal tissue was 

placed on ice, trimmed from fat and connecting tis-
sue, tumor tissue was separated from CNT and cut into 
slices.  Slices were incubated during 3 h at 37 °С in 1 ml of 
buffer of following composition: 10 mМ Na2HPO4, 1 mM 
NaН2PO4, 130 mM NaCl, 1.27 mM MgSO4, 2 mM CaCl2, 
20 mM HEPES (рН 7.4), 2 mg/ml BSА. NAE (10-5 М), 
colchicine (10 µМ), cytochalasin B (10 µM), taxol (1 µM), 
and their mixture with NAE were added in the test tubes. 
At the end of incubation tubes were cooled quickly and 
DNA was extracted. When caspase-3 activation was 
determined, tissue was incubated for 2 h. 

DNA extraction. Tissue was homogenized at +4 °С 
in a glass homogenizer in a buffer that contained 10 mМ 
Tris-HCl (pН 7.5), 10 mМ ЕDТА, 0.1 М NaCl. Tissue: 
buffer ratio was approximately 1 : 5. Freshly prepared 
proteinase К (final concentration 200 µg/ml) and sodium 
dodecyl sulfate (1%) were added to the homogenate. 
Incubation was performed at 60 °С for 15–20 min, then 
at 45 °С — overnight. RNAse solution (10 mg/ml), pre-
pared preliminarily and preincubated for 15 min at 90 °С 
for DNAse inactivation, was added to the homogenate 
up to a concentration of 100–200 µg/ml and mixture 
incubated over 1 h at 37 °С. Then NaCl solution (5 М) 
was added to a concentration of 0.5 М, and the sample 
was deproteinized by 2 volumes of mixture chloroform : 
isoamyl alcohol (24 : 1). The water phase was withdrawn 
and deproteinization repeated until disappearance of 
interphase. DNA was precipitated by 3 volumes of cold 
ethanol overnight at –18 °С. High-molecular DNA was 
picked up by a glass stick, transferred in a separate tube, 
dried for 10 min and dissolved in a homogenization buffer 
without NaCl (ТЕ-buffer). The remaining DNA was centri-
fuged at 30,000 g in a SW-55Ті rotor (Spinco L5-50), at 
2 °С, for 15 min. The pellet was washed by 80% ethanol, 

centrifuged once again, dried on air for 10 min and dis-
solved in ТЕ-buffer. DNA concentration was estimated 
with a spectrophotometer “Jenway” (model 6405) at a 
wave-length of 254 nm.

DNA electrophoresis in agarose gel. Agarose 
with low electroendosmosis at a concentration of 
2.25% prepared on a buffer containing 89 mМ Tris, 
89 mМ boric acid, 2 mМ ЕDТА, рН 8.0 (ТВЕ-buffer) 
was used. Ethidium bromide was added up to 1 µg/ml 
to the gel and buffer. Samples were prepared by mixing 
up the DNA solution with bromphenol blue (0.025%) 
and sucrose (45%). 5 µg of DNA was applied on each 
well. The volume of the sample did not exceed 20 µl. A 
wide-range DNA marker (50–10,000 pair of bases) was 
used. Electrophoresis was carried on for 2 h at 100 V.

Gels were photographed by a digital video camera, 
scanned by the "Scion Image" or "Photo Capt Mw" 
software, and intensity of DNA fragmentation was 
compared. The total quantity of fragments of control 
DNA was taken as 100% in every experiment. 

Western blotting. The tissue was homogenized in 
200 µl of the lysis buffer containing a cocktail of protease 
and phosphatase inhibitors, homogenate were centri-
fuged for 15 min at 15,000 g and stored at -60 °С until 
use. Protein concentration was determined according to 
Bradford [7]. Protein samples were boiled in the sample 
buffer (100 mM Tris-HCl, 4% sodium dodecyl sulfate, 
0.2% bromophenol blue, 20% glycerol, 10% dithioth-
reitol) and separated by SDS-PAGE 15% gels. 30 µg of 
protein were applied per each lane. Proteins were trans-
ferred onto 0.2 µm nitrocellulose membranes (Millipore 
Corp., Bedford, USA) by semidry blotting. Membranes 
were blocked with Tris-buffered saline/0.1% Tween 20 
containing 5% nonfat dry milk and incubated with primary 
antibodies for 1 h at room temperature. After washing 
three times with Tris-buffered saline/0.1% Tween 20, 
the blots were incubated with horseradish peroxidase-
conjugated species-specific secondary antibody for 
1 h at room temperature and then again washed three 
times. Complexes were visualized using the ECL reagents 
(Amersham, Great Britain). 

Statistics. Student’s paired t-test and Wilcoxon 
U-test were used.

RESULTS AND DISCUSSION
Inversion of cellular membrane, caspase activa-

tion, cleavage of specific caspase substrates and, 
finally, DNA fragmentation are evidences of apoptosis 
[8]. DNA cleavage into fixed size fragments [9] is one of 
the most reliable demonstration of apoptotic changes 
in the cell and indicates the beginning of final phase 
of apoptosis. We used DNA fragmentation as a test 
to determine the intensity of apoptotic processes in 
the CNT and tumor tissues of human adrenals. The 
preliminary experiments showed that notable DNA 
fragmentation was observed in 3 h after the beginning 
of incubation of adrenal tissue slices. 

Electrophoresis of DNA extracted from CNT adja-
cent to aldosteroma after incubation of slices with an-
timitotic compounds and NAE is shown on the Figure. 
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We choose for demonstration the DNA fragmentation in 
CNT of adrenals because it was presented in all cases 
studied and provides the most general and typical pat-
tern. To compare the degree of DNA fragmentation we 
calculated the percent of fragmented area on the scan-
ogram taking the whole area as 100% in each case. 

Colchicine and cytochalasin B markedly enhanced 
DNA fragmentation in CNT adjacent to aldosteroma 
(Figure, a: tracks 3 and 4). NAE slightly attenuates 
these effects (tracks 4 and 6). The effect of taxol in this 
tissue was less pronounced, but the presence of NAE 
considerably increased apoptosis (tracks 7 and 8). 

As additional control for apoptosis in some cases, 
the caspase-3 activation was determined by Western 
blotting (see Figure, c). The appearance of cleaved 
form of caspase was demonstrated both in control 
tissue and in tissue incubated with taxol and colchicine.

The NAE and antimitotics effects on apoptosis in 
CNT substantially differ in tissues adjacent to differ-
ent tumors (Table 2). CNT adjacent to androsteroma 
was found to be the most resistant to the used agents. 
Apoptosis in this tissue was accelerated only by the 
combined action of colchicine and NAE. The effect of 
NAE was insignificant, and cytochalasin and taxol even 
slightly decreased DNA fragmentation. CNT adjacent 
to pheochromocytoma appeared to be most sensitive 
to NAE (see Table 2). It should be stressed that CNT 
adjacent to all types of tumors, except androsteroma, 
appeared to be sensitive to NAE (see Table 2). NAE 
either slightly reduced the effects of colchicine (except 
androsteroma) and cytochalasin or did not cause any 
effect. Quite another picture at tissue incubation with 
taxol was observed. This drug either practically did not 
affect or suppressed apoptosis in CNT. On the contrary 
the combination of taxol with NAE enhanced apop-
tosis considerably, sometimes more than threefold 
(see Figure, Table 2). The fact of significant inhibition 
of apoptosis in CNT adjacent to hormonally inactive 
tumor by taxol, is noteworthy. Taking into account that 
taxol effectively enhanced apoptosis in tumor tissue of 
this type (Table 3), one can conclude that this antineo-
plastic drug is a very promising agent for treatment of 
the hormonally inactive tumor in adrenals.

Study of apoptosis in tumor tissues showed consid-
erable differences in action of antimitotic compounds 
(Table 3). Colchicine significantly enhanced DNA 
fragmentation in tumor tissue of aldosteroma only, as 
compared to CNT adjacent to a tumor. Cytochalasin 
increased apoptosis in tumor tissue of androsteroma 
and pheochromocytoma, but decreased it in the hor-
monally inactive tumor in comparison with CNT adja-
cent to these tumors. The most effective sole agent 
appeared to be taxol that significantly enhanced DNA 
fragmentation in the majority of tumors (see Table 3). 

As NAE per se can inhibit tumor proliferation [10] 
and initiate apoptotic processes [4–6], it was expected 
that their combination with antimitotic compounds 
would increase apoptosis in tumor tissue. This was 
partly confirmed for colchicine and cytochalasin only. 
As is shown in Table 3, NAE stimulated apoptosis in all 
types of tumors. The combined action of antimitotic 
compounds and NAE was marked in tumor tissue of 
aldosteroma and androsteroma (see Table 3). NAE 
and cytochalasin combination appeared to be most 
effective, relative to apoptosis enhancing in human 
adrenal tumors (Table 3). The well-defined synergetic 

Figure. Fragmentation of DNA extracted from convention-
ally normal tissue of adrenals with aldosteroma. One case of 
84 studied is exemplified (a). Scanned lanes from (a) with es-
timation of fragmented DNA area (b). Caspase-3 activation in 
CNT of hormonally inactive tumor (c)
a: М — DNA marker (50–10000 b.p.), 1 — control, 2 — NAE (10-5 М), 
3 — colchicine (10 µМ), 4 — cytochalasin B (10 µМ), 5 — NAE (10-5 М) + 
colchicine (10 µМ), 6 — NAE (10-5 М) + cytochalasin B (10 µМ), 
7 — taxol (1 µM), 8 — NAE (10-5 М ) + taxol (1 µМ)
b: Left panel — scanogram of corresponding tracks from (a). Arrows 
show the start and the end points of fragmented area. The right panel 
represent quantitative evaluation of fragmented area using software
c: Arrows show the cleaved peptides of caspase-3 (17 and 19 kDa)
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effect of these compounds was displayed in tumor 
tissue of aldosteroma and, especially, in hormonally 
inactive tumors. It is important to emphasize that in 
CNT adjacent to hormonally inactive tumor, cytocha-
lasin B in combination with NAE suppressed apoptosis, 
and in tumor tissue of this type it enhanced this proc-
ess. Such combination of protective action of anti-
neoplastic drugs in normal tissues and proapoptotic, 
cytotoxic action in tumors is the most promising and 
requires subsequent clinical trials. The combination 
of taxol and NAE however is not suitable for clinical 
testing, as NAE enhanced apoptosis in the majority 
of CNT and did not essentially influence DNA frag-
mentation in tumor tissues (see Table 2, 3, columns 
7, 8). One should note a greater sensitiveness of 
tumor tissues to the used compounds on the whole, 
in comparison with CNT (see Table 2, 3). This fact is 
interesting yet because tumor cells are usually much 
more resistant to proapoptotic stimuli. Moreover, it is 
often the loss of apoptotic mechanisms in the cells 
that cause the transformation of tissue [1, 11–13]. 
It is quite possible that a tumor is more resistant to 
initiation of apoptosis, but under conditions when 
apoptotic processes passed the point of irrevers-
ibility, as shown by our experiments, the progress of 
apoptosis in tumor cells is considerably faster as a 
result of a greater intensity of metabolic processes.

The difference in the action of taxol and other 
antimitotics could be explained by different mecha-
nisms of mitotic arrest. It is known that taxol causes 

hyperpolymerization of microtubules, unlike two other 
antimitotics, which inhibited polymerization of micro-
tubules and microfilaments [14]. Although the end 
result for all these antimitotics action is similar, specific 
mechanisms that realize their effects in a cell may dif-
fer significantly. The absence of enhancing effect of 
taxol and NAE combination upon DNA fragmentation, 
or even inhibition of apoptosis by these compounds in 
tumor tissue, may be due to the competition for com-
mon proapoptotic mechanisms or mutual inhibition 
of signal cascades which mediate the action of every 
compound in particular. So, the coupling of the can-
nabinoid receptors СВ1 and activation of с-Jun NH2-
terminal kinase (JNK) [15], which also takes part in the 
realization of proapoptotic effects of taxol, has been 
shown (reviewed in [16]). In addition, NAE stimulates 
the activity of extracellular-signal-regulated kinases 
(ERK1/2) [17], which are also activated by taxol, but 
mediates antiapoptotic mechanisms in the majority of 
tumors [16], including tumors of endocrine origin [18]. 

Thus, the use of taxol is the most promising for 
subsequent preclinical trials aimed at the develop-
ment of therapeutic approaches to treatment of most 
studied adrenal tumors. The most valuable feature 
of this drug is its ability to inhibit apoptosis in CNT of 
adrenals and selectively enhance it in tumors. As to 
other compounds, combination of colchicine and cy-
tochalasin B with NAE deserves attention for possible 
therapy of aldosteroma, and cytochalasin B with NAE 
for the therapy of hormonally inactive tumors. 

Table 2. Effect of taxol (1 µM), colchicine (10 µM), cytochalasine В (10 µM) and NAE mixture (10–5 М) on apoptosis intensity (DNA fragmentation) in CNT 
of human adrenals. 

Tissue

Conditions of incubation
1 2 3 4 5 6 7 8

Con-
trol NAE Colchicine NAE + colchi-

cine Cytochalasine В NAE + cyto-cha-
lasine В Taxol NAE + taxol

Aldosteroma 
(n = 19)

100.0 126.9 ± 5.0** 132.1 ± 7.5** 131.4 ± 3.9** 126.3 ± 8.9** 113.3 ± 13.2 114.9 ± 6.5** 144.6 ± 14.0**; 
p7-8 = 0.08.

Androsteroma 
(n = 3)

100.0 106.4 ± 11.2 122.2 ± 7.4* 94.9 ± 5.1 105.2 ± 5.7 86.6 ± 0.8** 91.4 ± 0.6**

Hormonally inactive 
tumor (n = 4)

100.0 121.3 ± 7.0* 125.6 ± 8.2* 128.4 ± 7.7** 136.9 ± 11.2* 90.4 ± 14.6
p5-6 = 0.045

30.4 ± 2.2** 107.4 ± 11.5
p7-8 = 0.01

Pheochromocytoma
(n = 12)

100.0 281.0 ± 43.0* 171.4 ± 11.6* 138.8 ± 17.3* 117.0 ± 8.8* 127.3 ± 13.6* 90.8 ± 19.4 258.9 ± 33.2
p7-8 = 0.0009

M ± м 158.1 ± 40.9 143.0 ± 14.3 130.3 ± 3.4 118.8 ± 8.9 121.6 ± 7.2 80.7 ± 17.9 150.6 ± 37.8
Note: *Significant difference vs. control, p < 0.05; **p < 0.01 (U-test). p — combined effect NAE + antimitotics significantly differs from effect of antimi-
totics alone (t-test). 

Table 3. Effect of taxol (1 µM), colchicine (10 µM), cytochalasine В (10 µM) and NAE mixture (10–5М) on apoptosis intensity in tumor tissue of human 
adrenals 

Source of tissue

Conditions of incubation
1 2 3 4 5 6 7 8

Con-
trol NAE Colchicine NAE + colchicine Cytochalasine В NAE + cytochala-

sine В Taxol NAE + taxol

Adenocarcinoma 
(n = 3)

100.0 119.5 ± 4.5* 129.7 ± 10.0* 120.2 ± 7.9* 136.8 ± 8.4* 126.1 ± 11.9* 102.2 ± 6.9 86.4 ± 4.3*

Aldosteroma (n = 7) 100.0 143.6 ± 8.5** 180.9 ± 12.3**, + 217.8 ± 20.8**, ++ 148.5 ± 10.0** 243.5 ± 15.7**, ++

p5-6 = 0.0003
214.2 ± 15.6**, ++ 185.5 ± 22.5**

Androsteroma 
(n = 10)

100.0 114.1 ± 6.6* 153.2 ± 10.7** 137.0 ± 7.1** 149.8 ± 1.9**
+ 0.003

148.4 ± 8.9**,++ 159.2 ± 14.3**, + 162.7 ± 11.9**, ++

Hormonally inactive 
tumor (n = 21)

100.0 117.7 ± 3.5** 113.5 ± 2.8** 118.2 ± 4.2** 98.3 ±9.8
+ 0.02

140.1 ± 9.1**
p5-6 = 0.006

146.2 ± 5.3**, ++ —

Pheochromocytoma 
(n = 14)

100.0 111.1 ± 2.6* 166.3 ± 9.0* — 203.4 ± 54.4*,+ — 200.6 ± 34.8**, ++ 213.0 ± 11.3**

Fibroma (n = 6) 100.0 127.2 ± 7.8** 138.0 ± 6.1** 147.2 ± 26.7** 143.5 ± 25.2** 134.7 ± 19.9** 150.7 ± 10.1** 156.3 ± 37.6**
M ± m 100.0 122.2 ± 4.8 146.9 ± 10.1 148.1 ± 16.7 146.7 ± 13.8 158.6 ± 19.7 162.2 ± 16.5 160.8 ± 19.3
*Significant difference vs. control, р < 0.05; **p < 0.01 (U-test). + — Significant difference vs. CNT adjacent to tumor tissue, р < 0.05; ++ — p < 0.01 (t-
test). p — combined effect NAE + antimitotics significantly differs from effect of antimitotics alone (t-test).



Experimental Oncology 27, 215–219, 2005 (September) 219

REFERENCES
1. Kopnin BP. Targets for oncogenes and tumour sup-

pressors action: key to understanding of basic mechanisms 
of cancer genesis. Biochemistry (Moscow) 2000; 65: 5–33 
(In Russian).

2. Schmid HHO, Schmid PC, Natarajan V. N-acylated 
glycerophospholipids and their derivatives. Progr Lipid Res 
1990; 29: 1–43.

3. Cao Y, Pearman AT, Zimmerman GA, McIntyre TM, 
Prescott SM. Intracellular unesterified arachidonic acid signals 
apoptosis. Proc Nat Acad Sci USA 2000; 97: 11280–5. 

4. Maccarrone M, Lorenzon T, Bari M, Melino G, Finazzi-
Agro A. Anandamide induces apoptosis in human cells via va-
nilloid receptors. Evidence for a protective role of cannabinoid 
receptors. J Biol Chem 2000; 275: 31938–45.

5. Maccarrone M, Pauselli R, Di Rienzo M, Finazzi-Agro A. 
Binding, degradation and apoptotic activity of stearoylethanol-
amide in rat C6 glioma cells. Biochem J 2002; 366: 137–44.

6. Sarker KP, Obara S, Nakata M, Kitajima I, Maruyama I. 
Anandamide induces apoptosis of PC-12 cells: involvement of 
superoxide and caspase-3. FEBS Lett 2000; 472: 39–44. 

7. Bradford MM. A rapid and sensitive method for the quanti-
tation of microgram quantities of protein utilizing the principle of 
protein dye binding. Anal Biochem 1976; 72: 248–54.

8. Strasser A, O’Connor LM, Dixit V. Apoptosis signalling. 
Ann Rev Biochem 2000; 69: 217–45.

9. Penninger JF, Kroemer G. Mitochondria, AIF and 
caspases — rivaling for cell death execution. Nature Cell Biol 
2003; 5: 97–9. 

10. De Petrocellis L, Melck D, Palmisano A, Bisogno T, 
Laezza C, Bifulco M, Di Marzo V. The endogenous cannabinoid 
anandamide inhibits human breast cancer cell proliferation.  Proc 
Nat Acad Sci USA 1998;  95: 8375–80. 

11. Bernini GP, Moretti A, Viacava P, Bonadio AG, Iacconi P, 
Miccoli P, Salvetti A. Apoptosis control and proliferation marker in 
human normal and  neoplastic adrenocortical tissues. Br J Cancer 
2002; 86: 1561–5. 

12. Philchenkov A, Zavelevich M, Kroczak TJ, Los M. 
Caspases and cancer: mechanisms of inactivation and new 
treatment modalities. Exp Oncol 2004; 26: 82–97.

13. Zornig M, Hueber A-O, Baum W, Evan G. Apoptosis 
regulators and their role in tumorigenesis. Biochim Biophys 
Acta 2001; 1551: F1–37.

14. Downing KH. Structural basis for the interaction of 
tubulin with proteins and drugs that affect microtubule dyna-
mics. Ann Rev Cell Dev Biol 2000; 16: 89–111. 

15. Rueda D, Galve-Roperh I, Haro A, Guzmán M. The 
CB1 cannabinoid receptor is coupled to the activation of c-Jun 
N-terminal kinase. Mol Pharmacol 2000; 58: 814–20.

16. Tronko ND, Pushkarev VM. The mechanism of taxol ac-
tion and perspectives of its use for treatment of thyroid tumours. 
Endokrynologia 2003; 8: 228–43 (In Ukrainian).

17. Schmid HHO, Schmid PC, Berdyshev EV. Cell signaling by 
endocannabinoids and their congeners: questions of selectivity and 
other challenges. Chem  Physics  Lipid 2002; 121: 111–34.

18. Pushkarev VM, Starenki DV, Saenko VA Namba H, 
Kurebayashi J, Tronko MD, Yamashita S. Molecular mecha-
nisms of the effects of low concentrations of taxol in anaplastic 
thyroid cancer cells. Endocrinology 2004; 145: 3143–52.

ВЛИЯНИЕ  N-АЦИЛЭТАНОЛАМИНОВ И РАЗЛИЧНЫХ 
АНТИМИТОТИЧЕСКИХ АГЕНТОВ НА АПОПТОТИЧЕСКУЮ 

ФРАГМЕНТАЦИЮ ДНК В УСЛОВНО-НОРМАЛЬНОЙ 
И ОПУХОЛЕВОЙ ТКАНИ НАДПОЧЕЧНИКОВ ЧЕЛОВЕКА

Цель: изучить эффекты  N-ацилэтаноламинов и различных антимитотических агентов: таксола, колхицина и цитохалазина 
В на степень фрагментации ДНК в условно-нормальной и опухолевой ткани коры надпочечников человека. Проанали-
зировано шесть типов опухолей надпочечников. Методы: срезы ткани инкубировали при 37 °С в течение 3 часов в при-
сутствии N-ацилэтаноламинов и антимитотиков, ДНК  экстрагировали и анализировали в агарозном геле. Результаты: 
было установлено, что N-ацилэтаноламины усиливают апоптоз в условно-нормальной и опухолевой ткани надпочечников. 
В целом, опухолевая ткань оказалась более чувствительной к N-ацилэтаноламинам и антимитотическим соединениям, чем 
условно-нормальная. N-ацилэтаноламины в комбинации с колхицином и цитохалазином В усиливали фрагментацию ДНК 
в некоторых типах опухолевой ткани и не влияли, или даже снижали ее в условно-нормальной ткани. Таксол  оказывал 
селективное воздействие в зависимости от типа опухолевой ткани. Заметные индивидуальные различия были отмечены 
в чувствительности различных типов опухолей к N-ацилэтаноламинам и антимитотическим агентам. Заключение: таксол 
и комбинация N-ацилэтаноламинов с колхицином и цитохалазином В являются индукторами апоптоза клеток опухолей 
коры надпочечников человека, что свидетельствует о перспективности их дальнейшего исследования.
Ключевые слова: N-ацилэтаноламины, таксол, колхицин, цитохалазин В, фрагментация ДНК, опухоли надпочечников 
человека.
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