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Caffeine (C3H,(N,O,, molar mass — 194.19 g/
mol, mateine, theine, guaranine) is a purine al-
kaloid, colorless or white bitter crystals. It is a
psychostimulant found in plants such as coffee,
tea, cocoa, Paraguayan holly (mate), guarana,
cola and others (figure) [5, 17].

The plant-based alkaloids related to caffeine
are theobromine and theophylline (construc-
tive knowledge in terms of drug reprofiling).
They are chemically methylated xanthines and
are structurally related to important metabolic
compounds such as purines (adenine, guanine),
xanthine and uric acid. In therapeutic doses,
theophylline and theobromine have antihyper-
tensive and antispasmodic effects, caffeine —
hypertensive and antispasmodic effects. These
alkaloids are diuretics (figure) [6].

The fatal acute oral dose of caffeine for hu-
mans is estimated at 10-14 g (150-200 mg/kg
of body weight). Caffeine in doses up to 10
g caused convulsions and vomiting, with full
recovery after 6 hours. In humans, severe side
effects have been observed with 1 g (15 mg/kg)
caffeine, including anxiety, nervousness and ir-
ritability, tachycardia and rapid breathing, pro-
gression to delirium, vomiting, neuromuscular
tremors and seizures [5]. There are reports of
fatalities even at doses of 57 mg/kg [6].

The median lethal dose of oral caffeine for al-
bino rats was 192 + 18 mg/kg. Clinical signs of poi-
soning with these doses: schizophrenic withdrawal
symptoms, hyperreflexia, dizziness, ataxia, signs
of pain, cataleptic postures, cataplexia, diarrhea,
anuria, anorexia, adipsia, hypothermia, blepharitis,
and weight loss. Death occurred in 30 £+ 9.6 hours
and was immediately caused by respiratory failure
after tetanic seizures or cardiovascular collapse.
An autopsy showed the presence of fulminant gas-
troenteritis, pulmonary hyperemia, hepatitis, ne-
phritis, toxic effects on the heart, spleen, pancreas,
thymus, adrenal glands and dehydration of many
organs and tissues. Survival was characterized by
severe polydipsia and polyuria [5].
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Caffeine is one of the most common self-
administered (social) drugs. It is in the top five
most commonly prescribed treatments in neo-
natology. The tonic effect of caffeine is based
on its influence on the central nervous system
(CNS). Due to its lyophilic nature, caffeine
(1,3,7-trimethylxanthine) has a 99 % absorption
rate and reaches its maximum concentration in
blood plasma after 30-60 minutes. It is rapidly
distributed throughout the body and penetrates
the blood-brain barrier by diffusion and through
the absorbing transport system [5, 6, 17].

Caffeine as a drug originally belongs to the
group of psychostimulants or analeptics, that
is, drugs that, in therapeutic doses, restore and
stimulate the functions of the vital centers of
the medulla oblongata — respiratory and vaso-
motor, and also stimulates the cortex and sub-
cortical centers of the brain. The effect of caf-
feine on the central and peripheral nervous sys-
tems is dose dependent. At doses exceeding the
therapeutic ones, the stimulating effect turns
into a depressing one [17]. The change in blood
pressure appears as a result of the double action
of caffeine on the vascular system: a direct ef-
fect on the smooth muscles of the vessels and
through the vasomotor center of the medulla
oblongata. At therapeutic doses of caffeine, the
cerebral vessels are narrowed, which explains
the beneficial effect of this drug at migraines.
Caffeine stimulates skeletal muscle contraction
through both central (via the CNS) and direct
effects [16, 17].

Several hypotheses explaining the mecha-
nisms of various effects of caffeine’s influence
on the body are known: blockade of adenosine
receptors (found in all body tissues); inhibition
of the phosphodiesterase enzyme; induction of
intracellular calcium transport.

In the human body, caffeine acts as a com-
petitive antagonist of adenosine receptors.
At a concentration in blood plasma, which is
achieved by drinking 1-3 cups of coffee (100
umol), it completely suppresses the adenosine
effects, but has no direct impact on the level
of cyclic adenosine monophosphate (cAMP, an
ATP derivative) or shifts in calcium concentra-
tion. To achieve the latter effects, caffeine (over
200 pmol) toxic levels are needed. Concentra-
tions exceeding 500 umol are lethal. Adenosine
and its derivatives have central and peripheral

impacts. They suppress the spontaneous electri-
cal activity of neurons and block the synaptic
transmission of neurotransmitters such as cat-
echolamines and glutamate. Adenosine also
affects the behavior, for example by inducing
slow wave sleep phase. Getting to the body, ad-
enosine and its derivatives reduce locomotor
activity, which can be restored with small doses
of caffeine and theophylline. Finally, adenosine
has vasodilatory properties, inhibits renin re-
lease and platelet aggregation in vitro. Caffeine
blocks this action [5, 6, 16, 17].

Caffeine stimulates human central nervous
system, enhances cardiac activity, accelerates
the pulse, causes expansion of blood vessels
(mainly vessels of skeletal muscles, brain,
heart, kidneys), enhances urination, reduces
platelet aggregation (however, in some situ-
ations, opposite effects are possible). This is
due to the fact that caffeine blocks the enzyme
phosphodiesterase, which destroys cAMP,
leading to its accumulation in cells. cAMP is a
secondary mediator through which the effects
of various physiologically active substances,
primarily adrenaline, are realized. Thus, the
accumulation of cAMP leads to adrenaline-like
effects [16].

The purpose of the article is to draw atten-
tion to caffeine as a means of oncological and
radiological pharmacology within the frame-
work of drugs’ reprofiling [8].

Oncology. Depending on the dose, caffeine has
a radiomodifying and antitumor effect [10, 15].

In the study [2], caffeine sodium benzoate
was used as a modulator of the action of cyto-
statics, which inhibits the repair of tumor DNA
in patients with osteosarcoma. Preoperative
polychemotherapy was carried out according to
the scheme of 2-4 courses with an interval of 3
weeks for 3.2 + 0.8 months.

Treatment began with intra-arterial injec-
tion of cisplatin at a dose of 60 mg m?/m? and
caffeine 1.5 g/m? during the first two days. On
days 3-4, doxorubicin was injected i/v at a dose
of 35 mg/m?.

Preoperative chemotherapy modulation with
caffeine in the study group (cisplatin, doxo-
rubicin) made it possible, with less toxicity
of treatment, to achieve the number of organ-
saving operations and the results of therapeutic
pathomorphosis similar to the use of high-dose
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methotrexate with cisplatin and doxorubicin in
the comparison group. This effect of caffeine
requires further study in adjuvant polychemo-
therapy regimens.

The combination of cisplatin and caffeine
demonstrated synergistic growth inhibition of
two strains of cultured sarcoma cells tested and
14 of 18 fresh human sarcoma samples (77.8
%). This synergistic effect of caffeine was also
observed with cyclophosphamide (44.8 %), mi-
tomycin C (44.8 %) and adriamycin (27.8 %).
However, the combination of vincristine or
methotrexate with caffeine did not show a syn-
ergistic effect. Caffeine therefore enhanced the
action of four cytotoxic DNA damaging agents.
No antagonistic effects were observed in the se-
ries. It is assumed that caffeine may be useful
for enhancing the antitumor effect of anticancer
drugs, especially agents that damage DNA, and,
possibly, can help in overcoming natural drug
resistance [14].

Caffeine reduced vinblastine-induced chro-
mosomal aberrations and mitotic index in bone
marrow cells. The study demonstrates that caf-
feine has a protective effect against vinblastine-
induced cytogenotoxicity. Further studies of the
molecular mechanism are of interest for the de-
velopment of caffeine as an effective drug in
cancer chemotherapy [11].

Radiobiology. An experiment (male mice,
whole body irradiation, 6.5 Gy) demonstrated
the caffeine radioprotective effect (80 mg/kg
body weight, intraperitoneally 1 hour before ir-
radiation) [7].

Caffeine action increases the sensitivity of
tumor cells (e.g., lung carcinoma A549) to ion-
izing radiation. The caffeine radiosensitizing
effects are associated with inhibition of protein
kinase activity [12].

The survival rate of 6-week-old male mice
under irradiation at a lethal dose of 7 Gy af-
ter intraperitoneal injection of 0.5 ml of 5 mM
caffeine solution in 0.9 % NaCl (45 mg/kg of
animal weight) before and after X-ray radiation
was studied. The animals were irradiated with
the therapeutic X-ray unit (RUT-15, RF) at a
dose rate of 1 Gy per minute [1]. The average
lifespan of the irradiated mice was 8 days, and
the maximum living out time was 15 days. With
the caffeine injection 15 minutes before X-ray
irradiation, a small radiosensitizing effect was

observed, the average life span was 7 days, and
the maximum living out time was 12 days. The
caffeine injection 15 min after X-ray irradiation
significantly increased the survival rate of the
mice. About 45 % of the animals remained alive
for 30 days.

Caffeine reduces the risk of developing skin
cancer and melanoma, colorectal cancer [16].

The modulation of radiosensitivity by using
caffeine in two human sarcoma cell lines both
with a p53 mutation (US8-93 and LMS6-93)
was examined [3]. In both cell lines a strong
irradiation-induced G2/M arrest was coupled
with a low rate of apoptosis. Incubation with
caffeine resulted in a low percentage of S and
G2/M cells, associated with an accumulation
in G1. With a higher caffeine concentration a
lower clonogenic survival with IC50at 2 mM
was detected. In both cell lines incubation with
caffeine completely prevents the irradiation-
induced G2/M arrest. This was connected to
radiosensitization, but without direct correla-
tion to an induction of apoptosis. The effect of
radio-sensitization rose with higher irradiation
doses. However, in comparison with LMS6-93,
it was stronger in cell line US8-93. A higher ra-
diosensitization in US8-93 correlated with the
prevention of strong irradiation-induced G2/M
response and higher initial DNA damage. Re-
sults of Western hybridization reveal a p53-
independent mechanism of radiosensitization
caused by caffeine. 82 women with cervical
cancer and 53 with endometrial cancer received
primary or adjuvant radiation therapy. Patients
were asked about their consumption of caffein-
ated beverages and the average daily caffeine
intake during radiation therapy was estimated.
Evaluable patients (42 cervix, 31 endometrium)
were stratified by the amount of caffeine con-
sumed to correlate with the incidence of radia-
tion toxicity. Acute radiation toxicity has not
been associated with caffeine consumption at
cervical or endometrial cancer. Non-statistical-
ly significant trend towards a decrease in over-
all late radiation toxicity with an increase in
caffeine intake for patients with cervical cancer
was observed. Subgroups’ analysis demonstrat-
ed that this trend was due to a decrease in the
incidence of severe late radiation injuries in pa-
tients with cervical cancer who consumed high-
er levels of caffeine during radiation therapy (p
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= 0.02). This relationship was not observed for
late toxicity in patients with endometrial cancer
due to the low incidence of severe late post-
exposure trauma for this disease [13].
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DRUGS OF RADIOLOGICAL
PHARMACOLOGY.
REPROFILING: CAFFEINE

N.N. Kolotilov

Caffeine (C,H N,O,) is a purine alkaloid,
colorless or white bitter crystals. It is a psycho-
stimulant found in plants such as coffee, tea,
cocoa, Paraguayan holly (mate), guarana, cola
and others. The plant-based alkaloids related
to caffeine are theobromine and theophylline.
The fatal acute oral dose of caffeine for humans
is estimated at 10-14 g (150-200 mg/kg body
weight). As part of the reprofiling of drugs, caf-
feine is a means of oncological and radiological
pharmacology.

Caffeine reduces the risk of skin cancer and
melanoma, colorectal cancer developing. De-
pending on the dose, caffeine has a radiopro-
tective effect, increases the sensitivity of tumor
cells to ionizing radiation (the radiosensitizing
effects of caffeine are associated with inhibition
of the activity of protein kinases), enhances the
antitumor effect of chemotherapy drugs, espe-
cially agents that damage DNA (possibly, it can
help in overcoming natural drug resistance),
has protective action against cytogenotoxicity
caused by vinblastine.

JIIKAPCBKI 3ACOBH )
PAIIOJIOTTYHOI'O ®APMAKOJIOTTI:
HEPENPO®DLIIOBAHHS: KO®EIH

M.M. Konominos

Kodein (C,H,)N,O,) — ankanoin mypuHoBo-
ro psagy. € caMuM 4acTo IpUMMaeTbCA HENUPO-
AKTUBHOCTH TMpemnapaToM B CBiTi, MICTUThCS B
pociuHaxX, Takux, sSK KaBa, 4yai, Kakao, mare,
ryapasa, koja ta iHmuX. PoquHHUMU KOQeiny
anKaloifaMu POCIUHHOTO MOXOIXEHHS € TEOo-
OopomiH i Teodinin. CMepTenbpHa rocTpa mepo-
panpHa m03a KoheiHy IS JTIOJUHHU OIIHIOETHCS
B 10-14 r (150-200 Mr/kr Macu Tina).

B pamkax mepenpodinroBaHHS JIIKapChbKUX
3ac00iB Ko(eiH — 3aci® OHKOJOTIYHOT 1 pajaiono-
riunoi ¢apmaxosorii. Kodein 3meHmye pusuku

PO3BHTKY paKy Ta MEJaHOMH IIKipH, KOJIOPEK-
TaJIBHOTO paky. 3alie)kKHO BiJ 103U KopeiH Mae
pamionpoTEKTOPHY MAif0, MiABHUINYE YYTIHBICTH
NYXJUHHUX KJIITHH 70 10HI3yIOUOTO BHUIIPOMIi-
HIOBaHHs (paaioceHciOinmizipyromero edexkTu
Ko eiHy MOoB’s3aHl 3 IPUTHIYEHHSM aKTUBHOCTI
npoTeiHKiHa3), MiJACUIIIOE MNPOTUIYXJIUHHY il
XiMmionpenapariB, 0COOJIMBO areHTiB, 110 YIIKO-
nxyots JJHK (MoxnuBo, MOXe AOMOMOITH B
MO/J0JIaHHI TPUPOAHOI JIKApCHhKOi CTIMKOCTI),
HajJa€ 3aXMCHY JII0 MPOTH MITOT€HOTOKCIYHOC-
Ti, BUKJIMKAHOT BIHOJaCTUHOM.

JIJEKAPCTBEHHBIE CPE/ICTBA
PAJIMOJTOTMYECKOW
PAPMAKOJIOT'NN:
HEPEINPO®PUINPOBAHHUE:
KODEHNH

H.H. Konomunoe

Kogpenn (C,H, \N,O)) — ankamoua mypuso-
BOrO psifa. SIBiIseTcs camMbIM 4acTO NPUHUMA-
€MBIM HEWPOAKTUBHBIM IMpernapaToM B MHUPE,
CONIEPXKUTCS B PACTEHUSX, TAKHX, Kak Kode,
4aii, Kakao, Mate, ryapaHa, Kkojia u apyrux. Poxu-
CTBEHHBIMH KO(PEUHY aJKaJOUJIaMH PACTUTEIIb-
HOTO TPOUCXOXJICHHUS SIBISIOTCS TEOOPOMHUH U
teopunaua. CMepTeapHas ocTpas nepopajibHas
no3a koewnHa A1 yeaoBeKka oneHuBaeTcs B 10—
14 r (150-200 Mr/Kr Macchl Tena).

B pamkax mnepenpodunupoBaHus Jekap-
CTBEHHBIX CPEACTB KOQEUH — CPECTBO OHKOJIO-
TUYECKOH M paguoIOTHYECKO (hapMaKoIOTHH.
Kodeun ymeHbiaeT pucku pa3BuTus paka u Me-
JTAaHOMBI KOKHU, KOJIOPEKTAJILHOTO paka. B 3aBu-
CHUMOCTH OT J03bI KOQeuH obagaeT paguomnpo-
TEKTOPHBIM JI€HiCTBHEM, IMOBBIIIAET YYBCTBU-
TEJIbHOCTh OMYXOJEBBIX KJIETOK K MOHU3UPYIO-
HieMy M3Iy4YeHUIO (PagroCeHCHOUTU3UPYIONINe
3 dexTs KohernHa cBSI3aHBl C UHTUOUPOBAHUEM
AKTUBHOCTH MPOTEMHKHHA3), YCHJIUBAET IPO-
THUBOOIYXOJIEBOE JAEUCTBUA XUMHOIPENApaToB,
0co0eHHO areHToB, noBpexaawmux JHK (Bo3-
MOXHO, MOXET MOMOYb B MPEOJOJCHUH €CTe-
CTBEHHOM JIEKapCTBEHHON yCTOMYMBOCTH), OKa-
3bIBAET 3alUTHOE JEeHCTBHUE MPOTHUB IIUTOTEHO-
TOKCUYHOCTH, BHI3BAHHOW BUHOJIACTUHOM.
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