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SUMMARY

Introduction/Objective Many drugs registered for various other indications can act selectively on tumor
receptors, signaling pathways, metabolic processes, bioenergetic factors, enzymes, proteins and genes
that regulate tumor proliferation, apoptosis, and neoangiogenesis without affecting these activities
in healthy cells. Introduction of new drugs is a very long, complex, and expensive process of research.
Detecting an anticancer effect in drugs already registered for other indications and forming their com-
binations may directly reduce the time and cost of such research.

Methods Anticancer efficacy of metformin and its combinations with caffeine, itraconazole and nitroglyc-
erin was tested on fibrosarcoma experimentally induced by BHK21/C13 cells in Syrian golden hamsters
(six animals per group, randomly allocated to control and experimental groups, doses equivalent to usual
human doses). After animal sacrifice, tumors were excised and their size, biophysical characteristics,
histology, and immunohistochemistry were assessed. Blood samples were collected for hematological
and biochemical analyses and the main organs were toxicologically analyzed. Statistical significance was
determined by one-way ANOVA followed by the Student-Newman-Keuls post hoc test.

Results Two-drug combinations of metformin with caffeine or itraconazole or nitroglycerin showed
significant antitumor effects on hamster fibrosarcoma compared to control, regarding all tested tumor
parameters (p < 0.05) without toxicity.

Conclusion Administration of metformin in combination with caffeine or itraconazole or nitroglycerin
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might be an effective and safe approach in novel nontoxic adjuvant anticancer treatment.
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INTRODUCTION

Metformin activates 5’ AMP-activated protein
kinase (AMPK), which reduces mammalian
target of rapamycin (mTOR) complex 1 sig-
naling, inhibits nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-xB),
protein synthesis, and cancer cell proliferation
[1]. Metformin inhibits glycolytic capacity
and mitochondrial respiration in lymphocytic
leukemia cells in vitro [2]. AMPK activation
and glucose metabolism reduction negatively
regulate Warburg effect (aerobic glycolysis - tu-
mor cells preferentially use glucose rather than
oxidation for energy production) and inhibit
tumor progression [2]. Also, suppression of
the Warburg effect in cancer cells by metfor-
min decreases aerobic glycolysis and promotes
oxidative phosphorylation, making cancer cells
vulnerable to chemotherapy. Metformin inter-
acts with respiratory electron transport chain
in mitochondria to cause reactive oxygen spe-
cies (ROS) production and oxidative stress [1].
Metformin therapy is also connected with both
cyanocobalamin and folic acid deficiencies in
patients with diabetes [3].

Caffeine induces apoptosis in many human
tumor cells (lung, pancreatic, leukemia) in vitro
[4]. Caffeine enhances tumor cells susceptibility

to antineoplastic drugs and radiotherapy [5].
An important finding was that caffeine in-
creased antifolate activity of pemetrexed in the
various mesothelioma cell lines [6].

Itraconazole exhibits significant anticancer
effects in different cancer tissues in vitro via
suppression of the following: AMPK/mTOR
pathway, neoangiogenesis, folic acid activity
and autophagy [7, 8], Hedgehog signaling [9],
P-glycoprotein (P-gp), and cholesterol trans-
portation [7]. Itraconazole also induces che-
mosensitization [7]. Itraconazole, as ergosterol
biosynthesis inhibitor, showed synergy with an-
tifolates [8]. In addition to antifolate activity,
the published studies have shown that itracon-
azole, as metformin, activates AMPK and thus
downstream inhibits mTOR, protein synthesis,
cell growth, proliferation, and stimulates apop-
tosis [9].

Nitroglycerin acts through the liberation
of nitric oxide (NO) in the tissues. NO may
modify cancer tissue metabolism by modulat-
ing the Warburg effect in oncological treatment
[10]. NO donors are especially useful as chemo-
therapeutic and radio-therapeutic sensitizing
preparations and increase cancer hemodynam-
ics, amplifying the effects of cancer treatment
[10]. NO can produce nitrosative stress, show-
ing effects likewise to oxidative stress (elevation
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of ROS) [10]. As NO from nitroglycerin results in cya-
nocobalamin and folic acid deficiency [11, 12] similar to
metformin [3], it can be expected that the mixture of nitro-
glycerin and metformin has synergistic antitumor effects
via cyanocobalamin and folic acid deficiency. Nitroglycerin
inhibits NF-kB and downstream P-gp [13].

In order to contribute to anticancer treatments, we con-
ducted this study aiming to define the new efficacious,
non-toxic and low-cost pleiotropic drug combinations,
that can be immediately used in oncology.

METHODS

Three two-drug combinations — metformin and caffeine,
metformin and itraconazole, metformin and nitroglycerin
- were investigated in three separate independent experi-
ments with three different control groups and simultane-
ously with appropriate investigated single and combined
drug treatments.

Hamster model

Experiments were performed on Mesocricetus auratus (six
male Syrian golden hamsters per group; 12-15 weeks old;
body mass ~90 g). The hamsters were kept under default
housing conditions: diurnal light cycle 12 hours of light /
12 hours of dark, at temperatures 25°C + 2°C and humid-
ity 60% + 2%. The hamsters had access to food and water
ad libitum.

The experiments for this study were performed in ac-
cordance with national regulations for the handling of
laboratory animals: Law on Animal Welfare of the Republic
of Serbia dated June 10, 2009 and the University of Novi
Sad Rules for Work with Experimental Animals, dated
June 11, 2020. All the animals were met with protocols
approved by the University of Novi Sad Animal Ethics
Committee (Novi Sad, Serbia): No. 04-81/25-5 dated July
22,2020, Doc. No. EK: IT-E-2020-07; No. 04-150/15 dated
March 14, 2022, Doc. No. EK: 1-2022-01; No. 04-150/15
dated March 14, 2022, Doc. No. EK: 1-2022-02; and ap-
proved by the Ministry of Agriculture, Forestry and Water
Management — Veterinary Directorate (Belgrade, Serbia):
No. 323-07-09359/2020-05 dated September 2, 2020; No.
323-07-03995/2022-05 dated March 28, 2022; No. 323-
07-03996/2022-05 dated March 28, 2022; No. 323-07-
03997/2022-05 dated March 28, 2022.

Treatment with metformin, caffeine, itraconazole, and
nitroglycerin (all Galenika a.d., Belgrade, Serbia) and
their co-administration to animals started after the hypo-
dermic injection of 1 ml of BHK-21/C13 cell suspension
(2 x 10° cells/ml) into the backside for the hypodermal
fibrosarcoma growth. The following criteria for the hu-
mane termination of an animal’s life were defined: serious
body mass loss (20%), diminished activity/responsiveness
with loss of body mass, poor posture, incapability to eat,
urinate, or defecate, largest cancer dimension > 3.5 cm,
cancer burden > 10% body mass, or cancer ulceration. The
following characteristics were observed: general condition;
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general clinical characteristics (breathing disorders, diar-
rhea, neurological signs); behavior; body weight (measured
daily); tumor diameter, location and ulceration; appearance
of multiple tumors.

Each of three experiments included four groups of ham-
sters which received different daily therapies via a gastric
probe after fibrosarcoma cell inoculation.

The first experiment: peroral application of 1) water
(control group with inoculated tumor); 2) 500 mg/kg met-
formin; 3) 100 mg/kg caffeine; or 4) combination of 500
mg/kg metformin and 100 mg/kg caffeine.

The second experiment: peroral application of 1) water
(control group with inoculated tumor); 2) 250 mg/kg met-
formin; 3) 250 mg/kg itraconazole; or 4) combination of
250 mg/kg metformin and 250 mg/kg itraconazole.

The third experiment: peroral application of 1) water
(control group with inoculated tumor); 2) 1000 mg/kg
metformin; 3) 50 mg/kg nitroglycerin; or 4) combination
of 500 mg/kg metformin and 25 mg/kg nitroglycerin.

The hamsters were sacrificed 19 days after fibrosarcoma
cell inoculation. Before animal sacrification, intraperito-
neal dose of 90 mg/kg pentobarbital was applied. The
hamsters were evaluated for sleep into coma at 5 minutes
by combined methods, such as a toe pinch, lack of res-
piration and lack of reaction on palpation. Immediately
after confirmation of loss of consciousness, total cardiac
exsanguination was performed. Depending on animal
weight, the volume of blood extracted was 3-5.5 ml. Two
to three milliliters of the blood obtained was subjected
to biochemical and hematological analyses. After exsan-
guination and life deprivation, main organs (brain, heart,
lungs, kidneys, liver, stomach, intestine) were excised for
pathological, histological, and toxicological examination.
At the time of sacrifice, the weights of the animals were
documented. All hamsters were in a good state during ex-
periments, and none of the animals were euthanized before
the end of the examination. During the experiment, the
fibrosarcoma diameters and the tumor burdens were mea-
sured daily using calipers. The next formula for ellipsoid
volume was used: volume = 4mabc/3, where a, b, and c are
ellipsoid half-diameters. After animal life deprivation, the
cancers were excised, weighed and tumor diameters were
exactly determined. The exact cancer volume was obtained
by determination of the water level in a graduated cylinder
before and after the submergence of the tumor (commonly
used water volume displacement method).

In all the experiments, the drugs were dissolved in water
and daily administered to animals in 1 ml/100 g body mass
doses. The doses were < 50% of oral median lethal LD, for
hamsters and equivalent to human doses (by normalization
to surface area).

The relative tumor weight (tumor burden) was calcu-
lated as tumor mass and animal body weight ratio. The
tumor density was determined as density=mass/volume.
The tumor surface area (S) was determined using the
formula from three ellipsoid half diameters (a, b, and ¢):
S = 4n{[(ab)"® + (ac)® + (bc)"*]/3}1e.

Tumor slices (4 um) were analyzed pathohistologi-
cally and immunohistochemically for the determination
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of tumor development, tissue infiltration, necrosis and
hemorrhagic zones expansion, proliferation, angiogenesis,
apoptosis, glucose, and NO-metabolism.

Immunohistochemical examinations

In addition to the primary hematoxylin and eosin staining,
immunohistochemical Ki-67, PCNA, CD34, CD31, COX4,
cytochrome C, GLUT1 and iNOS staining (Thermo Fisher
Scientific, Inc., Waltham, MA, USA; Abcam, Cambridge,
UK) was performed according to already published meth-
odology [14], to analyze cancer cell mitosis (Ki-67, PCNA),
angiogenesis (CD34, CD31), apoptotic activity (COX4,
cytochrome C), glucose turnover intensity (GLUT1), and
nitric oxide expression (iNOS). The stained fibrosarco-
ma slices were analyzed under microscope (Leica DMLB
100T, Leica Microsystems GmbH, Wetzlar, Germany) with
400x magnification. Images were taken by a Leica MC190
HD camera (Leica Microsystems GmbH). The Ki-67 and
PCNA staining images were analyzed using the UTHSCSA
Image Tool for Windows Version 3.00. Individual Ki-67 or
PCNA-positive cells were counted in each sample image.
The mean numbers of Ki-67 and PCNA-positive cells in 20
cancer images from each hamster were compared among
the experimental groups. Immunoexpression level was as-
sessed by measuring part of stained surface area (stained/
whole surface ratio) in the fibrosarcoma slices (mean of
20 measurements) by software UTHSCSA Image Tools for
Windows Version 3.00.

Blood biochemical tests and hematological
analyses

Blood was collected for standard laboratory analyses: glu-
cose, serum proteins, albumins hemoglobin, sedimenta-
tion, leucocytes, granulocytes, lymphocytes, monocytes,
platelets, erythrocytes, mean corpuscular volume, mean
corpuscular hemoglobin and mean corpuscular hemoglo-
bin concentration, hematocrit, in all three experiments.

Statistical evaluation

Means and standard deviations were determined for the
experimental data. The differences among the groups in
all measured parameters were calculated using one-way
ANOVA followed by a Student-Newman-Keuls post hoc
test. A probability p-value less than 0.05 was considered
to be statistically significant. Data analysis was performed
using TIBCO Statistica 13.3.1 software (TIBCO Software
Inc., Palo Alto, CA, USA) in all experiments.

RESULTS

The subcutaneous application of BHK-21/C13 cell cul-
ture caused fibrosarcoma production in all animals.
Experimental animals had separated, well-delimited solid
tumors without side effects on the overall state and welfare.
The largest tumor diameters after animal life deprivation,
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were < 3.5 cm in all experiments. The maximal tumor bur-
dens after animal life deprivation were much below 10% of
the hamster body weight in all experiments. Pathological,
histopathological and toxicological analysis following au-
topsy revealed no marks of toxic influence on main organs
(brain, heart, lungs, kidneys, liver, stomach, and intestine),
nor ascites or metastases.

The experimental and control groups were parametri-
cally and nonparametrically tested for sedimentation, red
and white blood cell counts, platelet number, glucose levels,
hematocrit levels, hemoglobin levels, serum proteins, but
no statistically important inequalities were detected among
the groups in all three experiments (p > 0.05).

Treatment with metformin and caffeine

Treatment with combination of metformin and caffeine
significantly suppressed cancer development as demon-
strated by statistically important reduction of fibrosarcoma
weight, volume, and Ki-67 (mean for 20), compared with
control (Table 1).

Only the comedication of metformin with caffeine pro-
duced statistically important (p < 0.05) anticancer effects in
comparison to the control. Neither metformin, nor caffeine
given alone showed significant antitumor effects compared
to the control. The treatments had no statistically impor-
tant effects on the body weight of the animals during the
experiment, in comparison to the control (Table 1).

The results proved the statistically important antitumor
influence of the metformin and caffeine combination on
experimental fibrosarcoma, without toxic effect.

Treatment with metformin and itraconazole

Treatment with the combination of metformin and itra-
conazole significantly suppressed cancer development
as demonstrated by statistically important reduction of
fibrosarcoma weight, length, volume, surface area, rela-
tive weight, density, ratio of tumor surface area to volume,
compared with the control and single treatments (Table 2,
Table 3, Figure 1, Figure 2).

The pathohistological and immunohistochemical analy-
sis showed a decrease in tissue insertion, an extension of
necrosis and hemorrhagic areas, statistically important
reduction in cancer cell proliferation, as shown by Ki-67,
statistically important reduction of the following: glucose
metabolism, as demonstrated by GLUT1; NO metabolism,
as demonstrated by iNOS staining; tumor vasculature, as
demonstrated by CD34; and apoptosis intensity, as dem-
onstrated by COX IV in all examined cancer slices from
hamsters treated with the combination of metformin and
itraconazole, in comparison with the control group and
the single-treatment groups (Table 3, Figure 1, Figure 2).

Only the combined treatment with metformin and
itraconazole produced statistically important (p < 0.05)
anticancer effects in comparison to the control. Neither
metformin, nor itraconazole given alone showed signifi-
cant antitumor effects compared to control (Table 2, Table
3, Figure 1, Figure 2). The treatments had no statistically
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Table 1. Characteristics of animals and tumors in control and groups treated with metformin and caffeine, with significance (p-values)

Hamster Tumor
e | endle || Welght@) | D, lm | volumeem | (TR | 2O
Control group with inoculated tumor, without treatment
Mean 88.7 29 4.4 2.54 1.71 1.84 1.38 19.1
+SD 6.05 8.75 0.75 23 0.29 1.67 0.194 299
Group treated with metformin (500 mg/kg) daily
Mean 86.36 88.72 4.2 1.1 1.58 0.82 1.34 14.45
+SD 12.9 13.99 0.99 0.81 0.42 0.56 0.123 6.03
p >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
Group treated with caffeine (100 mg/kg) daily
Mean 95.11 100.1 5 232 1.85 1.96 1.18 16.28
+SD 10.95 12.55 3.02 1.31 0.5 1.1 0.177 4.86
p >0.05 >0.05 > 0.05 >0.05 >0.05 >0.05
Group treated with metformin (500 mg/kg) and caffeine (100 mg/kg) daily

Mean 91.47 98 3.95 0.42 1.12 0.36 1.17 13.27
+SD 12.05 13.75 231 0.32 0.22 0.11 0.087 3.39
p >0.05 < 0.05° <0.05° < 0.05° < 0.05° <0.05°

2Largest tumor diameter (cm);
bp < 0.05 significant difference between treated groups compared to control;
‘mean of 20 analyses of each tumor

Table 2. Characteristics of animals and tumors in control and groups treated with metformin and itraconazole

Hamster Tumor
: - - 5 =y
o | Megheat | Senumatcoe | weigt (0| o_tamr | voumeamy | Pemty | Metio (7
Control group with inoculated tumor, without treatment

Mean 115 133.6 5.77 7.99 3.1 741 1.09 22

+SD 15 23.2 239 5.76 0.7 5.45 0.031 7
Group treated with metformin (250 mg/kg) daily

Mean 88.7 95.4 4.95 4.59 25 4.33 1.075 18.2

+SD 14.3 9.8 3.1 2.14 0.45 1.95 0.04 4.8
Group treated with itraconazole (250 mg/kg) daily

Mean 102.7 107.2 4.82 6.57 3.12 6.32 1.074 19

+SD 19.9 9.3 3.74 0.98 0.11 0.98 0.042 4.1

Group treated with metformin (250 mg/kg) and itraconazole (250 mg/kg) daily
Mean 97.2 102.5 5.57 1.97 1.93 1.89 1.032 11.2
+SD 7.3 8.1 2.81 0.71 0.44 0.64 0.012 59

2Largest tumor diameter (cm);
bmean of 20 analyses of each tumor

Table 3. Statistical evaluation of tumor characteristics following treatment with metformin and itraconazole

. Tumor (p-values)
Group comparison - - - - -
Weight | Relative weight | Volume | Length | Surface area Density Surface/ volume Mean Ki-67

/M 0.200 0.840 0.122 0.137 0.349 0.490 0.045° 0.615
C/l 0.609 0.891 0.553 0.675 0.648 0.470 0.047° 0.769
C/M+ 0.034° 0.047° 0.037¢ 0.043° 0.045° 0.002° 0.048° 0.040°
M/ 0.052 0.217 0.047° 0.011° 0.021° 0.967 0.721 0.763
M/M+| 0.019° 0.014° 0.017° 0.061 0.009* 0.030° 0.457 0.048°
I/M+I 0.003° 0.003° 0.004° 0.006° 0.001° 0.040° 0.561 0.024°

C - control group; M - group treated with metformin (250 mg/kg); | - group treated with itraconazole (250 mg/kg);
M-+ - group treated with the combination of metformin (250 mg/kg) and itraconazole (250 mg/kg);

p < 0.05

important effects on the body weight of the animals during
the experiment, in comparison to the control (Table 2).

The results proved the statistically important antitumor
influence of the metformin and itraconazole combination
on experimental fibrosarcoma, without toxic effect.
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Treatment with metformin and nitroglycerin

Treatment with the combination of metformin and ni-
troglycerin significantly suppressed cancer development
as demonstrated by statistically important reduction of
fibrosarcoma weight, length, volume, density, compared
with the control (Table 4).
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% P <0.05 statistically significant compared to control (C) and single treatments (M, I)

Figure 1. Biophysical and immunohistochemical characteristics of the excised tumors: tumor density, surface area, surface/volume ratio and
Ki-67 positivity among the groups of animals treated with metformin and itraconazole;

*p < 0.05, as indicated
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Figure 2. Immunohistochemical characteristics of the excised tumors (Mean + SD);

GLUT-1,iNOS, CD 34, COX IV, in the second experiment;

C - control group; M - group treated with metformin (250 mg/kg); | - group treated with itraconazole (250 mg/kg); M+l — group treated with
the combination of metformin (250 mg/kg) and itraconazole (250 mg/kg);

*p < 0.05, as indicated
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Table 4. Comparison of fibrosarcoma growth between hamsters treated with metformin and nitroglycerin, with significance (p-values)

Hamster Tumor
e | endle || Welght@ | D, (mr | volumetem) | (SR, | MOS0
Control group (C)
Mean 65.89 87.2 6.77 3.7 3.13 3.1 1.21 19.5
+SD 8.32 6.44 241 0.89 0.39 0.95 0.09 5.8
Group treated with metformin (1000 mg/kg) daily (M)
Mean 62.73 82.83 5.55 3.63 3.01 3.07 1.24 19
+SD 7.34 7.02 1.31 0.88 0.51 0.87 0.095 7.06
p (MN/M) 0.011° 0.010° 0.020° 0.020° 0.010°
Group treated with nitroglycerin (50 mg/kg) daily (N)
Mean 67.35 85.74 6.21 3.38 293 2.83 1.22 185
+SD 4.21 4.03 1.91 0.87 0.58 0.81 0.03 7.72
P(MN/N) 0.029° 0.037° 0.048° 0.010° 0.017°
Group co-treated with metformin (500 mg/kg) and nitroglycerin (25 mg/kg) daily (MN)
Mean 70.04 87.72 6.27 233 232 2.1 1.12 10.2
+SD 6.03 6.32 1.92 0.69 043 0.50 0.09 3.79
P(MN/C) 0.010° 0.002° 0.030° 0.037° 0.003°
C - control group; M — metformin; N — nitroglycerin; MN — combination of metformin and nitroglycerin;
2largest tumor diameter (cm).
bp < 0.05 significant difference between treatments;
‘mean of 20 analyses of each tumor
Table 5. Statistical evaluation of immunohistochemical tumor characteristics (p-values)
. Tumor (p-values)
Group comparison - -
Ki-67 PCNA CD 34 CD 31 GLUT-1 iNOS COX 4 Cytochr. C
/M 0.8895 0.9705 0.5870 04110 0.4610 0.4190 0.1126 0.9870
C/N 0.6790 0.6404 0.4130 0.2910 0.2590 0.3090 0.2370 0.4019
C/M+N 0.0032* 0.00822 0.0153° 0.0157° 0.0091° 0.0081° 0.0085° 0.0137°
M/N 0.9670 0.7105 0.9120 0.6062 0.6010 0.7890 0.2470 0.0461°
M/M + N 0.00972 0.0089* 0.0487° 0.0909 0.0077° 0.0087° 0.0094* 0.0179°
N/M + N 0.01672 0.00912 0.0801 0.2029 0.0074° 0.0085° 0.04132 0.0109°
C - control group; M - group treated with metformin; N - group treated with nitroglycerin;
M + N - group treated with combination of metformin and nitroglycerin;
ap <0.05
The pathohistological and immunohistochemical analy-  DISCUSSION

sis showed a decrease in tissue insertion, an extension of
necrosis and hemorrhagic areas, statistically important
reduction in cancer cell proliferation, as shown by Ki-67
and PCNA, statistically important reduction of: glucose
metabolism, as demonstrated by GLUT1; NO metabolism,
as demonstrated by iNOS staining; tumor vasculature, as
demonstrated by CD34 and CD31; and statistically impor-
tant reduction in apoptosis intensity, as demonstrated by
COX IV and cytochrome C, in all examined cancer slices
from hamsters treated with the combination of metformin
and nitroglycerin, in comparison with the control group
and the single-treatment groups (Table 4, Figure 3, Table 5).

Only the combined treatment with metformin and
nitroglycerin produced statistically important (p < 0.05)
anticancer effects in comparison with the control. Neither
metformin, nor nitroglycerin given alone showed signifi-
cant antitumor effects compared to the control (Table 4,
Table 5, Figure 3). The treatments had no statistically im-
portant effects on the body weight of the animals during
the experiment, in comparison to the control (Table 4).

The results proved the statistically important antitumor
influence of the metformin and nitroglycerin combination
on experimental fibrosarcoma, without toxic effect.

Srp Arh Celok Lek. 2024 Mar-Apr;152(3-4):130-137

Our three experiments suggested that dual therapy by us-
ing two repositioned drugs with anticancer and NF-kB
activity (such as metformin combinations with caffeine,
itraconazole, and nitroglycerin) shows effectiveness against
fibrosarcoma in hamsters, contrary to ineffective mono-
therapy with each of them.

In the Introduction, many pathways are listed and ex-
amples of literature for several relevant in vitro experi-
ments are given, yet none of this is shown for BHK21/C13
cancer cell line used in our in vivo experiments. For pro-
posing a feasible synergistic influence free from the toxic
effects, the reasonable approach would be a double-hit one
targeting distinct pathways or different targets within the
same pathway. In agreement with our effective combined
treatment experiments with two NF-xB inhibitors, it can be
supposed that combined treatment affects different targets
within NF-kB pathway and that NF-«B is one of signaling
pathways underlying anticancer mechanism of our three
effective two-drug combinations with metformin.

Three weeks peroral administration of metformin, efa-
virenz and fluoxetine combination resulted in drastic de-
crease of cancer weight and volume in human colon cancer
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Ki-67 (Mean No Ki-67

PCNA (Mean No PCNA

of mTOR and also reduced protein kinase
B (PKB = Akt), causing inhibition of the

30 e
5 ""Ts"“’" “f"s */-sb) > | positive cells +/- D) phosphatidylinositol 3 (PI3)/Akt/mTOR
20 20 I | and various pathways (RAS/RAF/MAPK/
15 . 15 l * ERK), reducing transcription, protein syn-

10 10 - — thesis, and proliferation [17].
5 5 L i Disclosure of anticancer effects in the
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- immunoexpression - of immun;;;(pression finding effective, cheap and immediately

Mean +/- SD | Mean +/- SD applicable treatment for tumors.
- ‘ [ " CONCLUSION
0.0 . —_ 0.0 | ; - i The results of our three experiments
€ Mo E B & W proved significant anticancer effects of the
CD34 % of expression 5 [CD31%ofexpression metformin co-treatments with caffeine, or
Mean +/- SD Mean +/- SD . . .

4 itraconazole, or nitroglycerin on hamster
- T T " T - tibrosarcoma, without toxicity. Opposite to
2 * the examined drug combinations, mono-
. therapies did not show anticancer effects.
. S B B B Anticancer properties of the three exam-
0 0 L ined two-drug combinations (metformin
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COX4 % of expression 4 g,y:;:’:;r%':sg;n ———— metformin and nitroglycerin) in hamsters,
ol o M_ean mlles 3 ) 'I,Vlean +/-SD with used doses equivalent to standard

I C - Control group
I M - Group treated with metformin

N - Group treated with nitroglycerin

I M+N - Group treated with the combination of metformin and nitroglycerin

* P < 0.05 statistically significant compared to control (C) and single treatments (M. N)

human doses, suggest that effective non-
toxic oncological therapies in humans
and cancer relapse prevention using these
drug combinations may be attainable.
Treatment with metformin in combina-
tion with caffeine, or itraconazole, or ni-
troglycerin may be a promising efficacious
nontoxic new adjuvant anticancer therapy
and invites further clinical investigation.
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Edektn meTpopmmnHa U Herosux KombuHauuja ca 4pyrum npeHamerbeHum

NeKoBMMa Ha GUBPOCapKOM Kog XpuaKa

Jywwuua J. Monosuh', Kocta J. Monosuh?, JywaH Jlanowesnh?, JoBaH K. Monosuh>?

'[pxaBHu yHuBep3uTeT y Hoom Ma3apy, Hosu Masap, Cpbuja;

*YHneepautet y Hosom Cagy, MeguuuHckm dakyntet, Hosu Cag, Cpbuja;
3Cpncko NeKapcko ApyLLTBO, AKagemuja Me[MLMHCKNX Hayka Cprckor nekapckor apyLwTea, beorpag, Cpbuja

CAMETAK

YBoa/Unsb MHorn nekoBm pernctpoBaHu 3a pasnmuute gpyre
VHAVKaLje MOTy CEeNeKTUBHO AENOBaTU Ha TYMOPCKE PeLIenTo-
pe, cMrHanHe nyTeBe, MeTabonmuke npoLece, bruoeHepreTcke
daKkTope, eH3MMe, NpOoTerHe 1 reHe Koju perynuily nponude-
paLujy, anonTo3y 1 HeoaHrMoreHe3y Tymopa 6e3 yTuLaja Ha oBe
aKTMBHOCTU y 3apaBum hennjama. YBohere HOBYMX JIeKOBa je
BEOMa AyT, CJIOXKEH W CKyN NpoLec uctpaxmsara. OTKpriBakbe
aHTMKaHLepcKor edeKTa Kog, IeKoBa Koju cy Beh pernctpoBaHm
3a Apyre UHAVKaLUuje n Gopmrpatrbe HUXOBUX KOMOMHaLWja
MOTY AUPEKTHO CMakbUTU BPEME U LieHY TaKBOT MCTPaXunBatba.
MeTope AHTMKaHLiepCKa edrKacHOCT METGOPMYIHA 1 HETOBIX
KoM6U1HaLMja ca KoderHOM, UTPAKOHA30JIOM U HUTPOFULepU-
HOM TecTMpaHa je Ha dprbpocapkomy eKCcrepuMeHTaIHO 13a-
3BaHoMm henwnjama BHK21/C13 Kop CMpUjCKMX 3NaTHKX XpUaKa
(LWeCT >KMBOTMHA MO FPYNU, HACYMUYHO pacnopeheHnX y KOH-
TPOJIHE 1 eKCnepuUMeHTanHe rpyne, 4o3e jeAHaKe yobuuajeHnm
f03ama 3a jbyfe). [ocne XpTBOBaba XMBOTUHA, TYMOPU Cy
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ekcumaupaHu n ogpeheHe cy wrxose BenuyriHe, brodusu-
YKe KapaKTepuUCTMKe, XMCTONOrnja 1 MMyHOXUCTOXeMMja. Y3eTn
Cy Y30pLV KPBY 3a XeMaToJOLLKe 1 61OXeMUjcKe aHanu3e, a
TMaBHN OpraHn Cy TOKCMKOMOLWKY aHanmn3mpaHu. CTaTncTmyka
3HauajHocT je oppeheHa jegHocmepHum ANOVA TecTom, Koju je
npatuo Student-Newman-Keuls post hoc TecT.

Pe3syntatu KombrHauuje fBa neka, MeTdopmriHa ca Kodeu-
HOM, UM UTPAKOHA30/10M, UV HUTPOTALIEPVHOM, NoKa3arne
Cy 3HayajHe aHTUTYMopcKe edekTe Ha GUOPOCAPKOM XpuKa y
nopehety ca KOHTPOOM, y OBHOCY Ha CBe TeCTMpaHe napame-
Tpe Tymopa (p < 0,05), 6e3 TOKCMYHOCTU.

3aksbyyak priMeHa MeTdopMrHa Y KOMOMHALMjU ca Kodeu-
HOM, VST UTPAKOHA30J10M, U HUTPOTAINLIEPUHOM MOXe 61T
edvKacaH 1 6e3befaH NpUCTYN HOBOj HETOKCUYHO]j afljyBaHTHOj
aHTMKaHLePCKoj Tepanuju.

KrbyuHe peun: MeTGOPMUH; KOPEVH; UTPaKOHA30; HUTPOTN-
LiepyiH; XpuLy; prnbpocapkom

www.srpskiarhiv.rs



