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Abstract
Background. Because of the side effects of cytostatic drug treatment, new effective anticancer compounds with 
potentially lower toxicity are being sought. It is believed that oxidative stress due to abnormal production of reac-
tive oxygen molecules plays a role in the etiology of the toxicity of antiproliferative drugs. In previous in vitro 
experiments on the HL-60 leukemia cell line, the antiproliferative activity of a new pyridopyrazolopyrimidine 
derivative (the compound KP972) was found to be similar to that of cisplatin (patent P 379). Moreover, the authors’ 
studies on KP972 and cisplatin revealed the participation of a free radical process in the action of KP972, which 
decreased the concentration of thiobarbituric acid reactive substances (TBARS) and the hydroxyl radical level on in 
vitro models. Cisplatin, used as a standard, showed the opposite effect. The protective function of enzymatic anti-
oxidants against the effects of free radicals is known. Both superoxide dismutase (SOD) and glutathione peroxidase 
(GPx) are involved in the body’s antioxidant defense mechanism. 
Objectives. The purpose of this study was to evaluate the effect of the new derivative, KP972, on SOD and GPx 
activity in comparison with cisplatin. The joint effect of KP972 and cisplatin on antioxidative potential was also 
evaluated. 
Material and Methods. The study was performed on an in vitro model using erythrocytes. Human erythrocytes 
were obtained from patients of a surgical clinic. SOD activity was determined using the Randox method, while 
GPx activity was measured by the Ransel method. The material was exposed to KP972 or cisplatin in doses from 
1.0 µg/ml to 70.0 µg/ml. 
Results. There was a significant increase in SOD activity after KP972 treatment at concentrations of 1.0 µg/ml, 
3.5 µg/ml, 30.0 µg/ml and 40.0 µg/ml. In case of cisplatin, a significant decrease in SOD activity was observed. GPx 
activity increased slightly after both KP972 and cisplatin treatment. Linear correlations between selected param-
eters indicate the involvement of the enzymes in preventing the oxidative damage in cells caused by cisplatin. The 
activity of SOD and GPx after exposure to a mixture of KP972 and cisplatin was also evaluated. The joint effect was 
an increase in SOD activity, in contrast to the decrease caused by cisplatin alone (p < 0.05). 
Conclusions. The pyridopyrazolopyrimidine derivative KP972 stimulates the antioxidant barrier, measured as 
SOD and GPx activity; cisplatin has the opposite effect. Joint treatment with KP972 and cisplatin reduces the free 
radical effects of cisplatin (Adv Exp Med 2011, 20, 5, 591–597).
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Streszczenie
Wprowadzenie. Działania niepożądane, występujące podczas leczenia cytostatykami, są powodem poszukiwania 
nowych związków przeciwnowotworowych o potencjalnie mniejszej toksyczności. Do czynników odpowiedzial-
nych za działania uboczne leków antyproliferacyjnych należy nadmierne wytwarzanie reaktywnych form tlenu 
określane mianem stresu oksydacyjnego. Przedmiot niniejszej pracy, preparat KP972 – nowa pochodna pirydopi-
razolopirymidyny – we wcześniejszych badaniach in vitro wykazał aktywność przeciwnowotworową na linii komó-
rek białaczki HL-60 porównywalną z cisplatyną i stał się przedmiotem patentu (P 379). Badania własne z udziałem 
KP972 i cisplatyny wykazały udział procesów wolnorodnikowych w oddziaływaniu tych dwóch związków. W walce 
z wolnymi rodnikami aktywny udział biorą enzymy antyoksydacyjne, wśród których bardzo ważną rolę odgrywa 
dysmutaza ponadtlenkowa (SOD) i peroksydaza glutationowa (GPx). 
Cel pracy. Ocena wpływu opatentowanej uprzednio pochodnej – KP972 na aktywność SOD i GPx w porównaniu 
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z cisplatyną. Dokonano też analizy łącznego oddziaływania preparatu KP972 i cisplatyny na aktywność obu enzy-
mów w krwince czerwonej.
Materiał i metody. Badanie przeprowadzono na modelu in vitro z użyciem ludzkich erytrocytów. Aktywność SOD 
oznaczano według metody Randox, a aktywności GPx według metody Ransel. Badano wpływ preparatu KP972 
oraz cisplatyny, a także ich mieszaninę w dawkach 1,0–70,0 µg/ml. KP972 uzyskano z Katedry Technologii Leków 
Akademii Medycznej we Wrocławiu, a cisplatynę z firmy EBEWE.
Wyniki. Stwierdzono statystycznie istotny wzrost aktywności SOD po dodaniu KP972 w stężeniach: 1,0; 3,5; 30,0 
i 40,0 µg/ml. W przypadku cisplatyny zaobserwowano zmniejszenie aktywności SOD (p < 0,05). Aktywność GPx 
nieznacznie wzrosła po ekspozycji krwinki czerwonej na obie badane substancje. Wystąpienie korelacji liniowej 
między wybranymi parametrami wskazuje na udział badanych enzymów w zapobieganiu uszkodzeniom oksydacyj-
nym w komórkach, wywoływanych przez cisplatynę. Oceniono ponadto aktywność SOD i GPx przy ekspozycji na 
mieszaninę KP972 i cisplatyny, wykazując że wspólne działanie spowodowało wzrost aktywności SOD, która była 
hamowana przez samą cisplatynę (p < 0,05).
Wnioski. Pochodna pirydopirazolopirymidyny (KP-972) stymuluje barierę antyoksydacyjną, mierzoną jako aktyw-
ność SOD i GPx, a cisplatyna ma działanie przeciwne. Działanie łączne preparatu KP972 i cisplatyny ogranicza 
wolnorodnikowe efekty cisplatyny (Adv Exp Med 2011, 20, 5, 591–597).

Słowa kluczowe: cisplatyna, KP972, dysmutaza ponadtlenkowa, peroksydaza glutationowa, działanie antyoksyda-
cyjne.

Because of the side effects of cytostatic drug 
treatment, new effective anticancer compounds 
with potentially lower toxicity are being sought. 
A free radical process is often a factor that con-
tributes to the toxicity of these drugs. Cisplatin, 
a heavy metal complex, is an effective agent for 
treating numerous solid tumors. However, many 
patients treated with cisplatin experience signifi-
cant toxicities, including nephrotoxicity, ototox-
icity and neurotoxicity. The participation of free 
radical processes in the toxicity of cisplatin has 
been proved [1, 2]. 

The authors’ previous research with cisplatin 
and a new derivative of pyridopyrazolopyrimidine 
– KP972 [4-phenyl-2(4-trifluoromethyl-β-steryl)
pyridopyrazolopyrimidyne] – demonstrated that 
the cytotoxic activity of KP972 in vitro (HL-60 cell 
line) at a dose of 3.5 ± 0.56 µg/ml exceeds that of 
cisplatin (Figure 1) [3].

Derivatives of pyridopyrazolopyrimidine are 
characterized by multiple pharmacological effects, 
including anxiolytic, antidepressant, antimicro-
bial, antifungal and antiviral activity [4–6]. They 
also have a beneficial effect on the cardiovascular 
system and are used in heart failure treatment and 
hypertension [7]. Antitumor activity is another 
of the many properties of pyridopyrazolopyrimi-
dines. Some of the compounds block the synthesis 
of prostacyclin and p21 protein maturation. The 
p21 protein influences the cell cycle by inhibiting 
cyclins and cyclin-dependent kinases connected 
to the Ras family of oncogenes. Disorders in their 
structure and function cause disturbances in the 
growth and division of neoplasma cells [8, 9]. The 
authors’ preliminary studies with KP972 and cis-
platin revealed the participation of a free radical 
process in the action of KP972, manifested by de-
creased TBARS and •OH levels in vitro. Cisplatin, 
which was used as a reference, had the opposite 

effect: It induced oxidative stress by increasing 
the concentration of TBARS and •OH radicals 
[10]. Free radicals are scavenged by antioxidant 
enzymes – superoxide dismutase (SOD), glutathi-
one peroxidase (GPx) or catalase (CAT) – which 
protect against oxidative damage [11]. In order to 
better understand the mechanisms of the action of 
cisplatin and KP972 in oxidative stress, the influ-
ence of both KP972 and cisplatin on the enzymatic 
antioxidant barrier, measured as SOD and GPx ac-
tivity in the erythrocyte, was examined. The joint 
effect of KP972 and cisplatin was also evaluated. 

Material and Methods 
With the approval of Wroclaw Medical Uni-

versity’s Ethical Committee (permit KB-158/2010), 
fresh human blood obtained from one of the uni-
versity’s surgery clinics was used for the study. The 
blood was drawn into tubes containing sodium 
citrate (for SOD estimation) or heparine (for GPx 
estimation); the samples were then centrifuged 
and the plasma was discarded. The red cells were 
washed three times with saline (natrium chlora-
tum 0.9%). Next a 10% erythrocyte suspension in 
phosphate buffered solution (PBS) was prepared. 
To analyze the changes in SOD and GPx activity 
after KP972 or cisplatin treatment, the following 
concentrations of KP972 or cisplatin were used: 
1.0 µg /ml, 3.5 µg /ml, 30.0 µg /ml, 40.0 µg /ml, 
60.0 µg/ml and 70.0 µg /ml. To assess the joint ef-
fect of KP972 and cisplatin, the two were used in 
equal concentrations (eg. 1 µg/ml of KP972 with 
1 µg/ml of cisplatin). The KP972 was dissolved in 
dimethylsulfoxide (DMSO), and the cisplatin in 
0.9% NaCl. The experimental samples were com-
pared with control samples, which did not include 
KP972 or cisplatin. The cisplatin was produced by 
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Ebewe (concentration: 0.5 mg/ml), and the KP972 
was obtained from Wroclaw Medical University’s 
Department of Drug Technology. 

SOD activity in the suspension cells was deter-
mined using the Randox method [12]. SOD dismu-
tates the toxic superoxide radical to hydrogen per-
oxide and molecular oxygen, so the Randox method 
employs xanthine and xanthine oxidase (XOD) 
to generate superoxide radicals which react with 
2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetra-
zolium chloride (INT) to form a red formazan dye. 
The superoxide dismutase activity was measured by 
the degree of inhibition of this reaction [13]. One 
unit of SOD is defined as the amount that causes a 
50% inhibition of INT reduction rate. 

GPx activity was measured using the Ransel 
method, based on that of Paglia and Valentine: 
“Glutathione peroxidase catalyzes the oxidation 
of glutathione (GSH) by cumene hydroperoxide. 
In the presence of glutathione reductase (GR) and 
NADPH the oxidised glutathione (GSSG) is imme-
diately converted to the reduced form with a con-
comitant oxidation of NADPH to NADP+. The de-
crease in absorbance at 340 nm is measured” [14]. 

The activity of both superoxide dismutase and 
glutathione peroxidase was expressed in enzymatic 
activity units per gram of hemoglobin. The con-
centration of hemoglobin in the blood was deter-
mined by Drabkin’s method.

The samples were incubated in a shaking wa-
ter bath (Julabo type) at 37°C, and the measure-
ments of absorbance were conducted in a UV-
VIS Spectrophotometer (Hitachi). For each of 

the tested concentrations of KP972 and cisplatin 
(1.0–70.0 µg/ml), six experiments were performed. 
Statistica PL 7.1 software was used for the statisti-
cal analysis. The variability of the distribution was 
checked with the Lillefors test. Data with a nor-
mal distribution were assessed using a one-factor 
analysis of variance (ANOVA) and the post hoc 
HSD Tukey test. Pearson’s correlation coefficient 
(r) was used to test relationships. Differences with 
p < 0.05 were regarded as significant.

Results
The results of the study show that the influence 

of KP972 on the antioxidant barrier is different from 
that of cisplatin. There was a significant increase in 
SOD activity after the addition of KP972 at concen-
trations of 1.0 µg/ml, 3.5 µg/ml, 30.0 µg/ml and 40.0 
µg/ml. The two highest doses of KP972 – 60.0 µg ml 
and 70.0 µg/ml – were ineffective (Fig. 2). In the 

N

N N
N

CF
3

Fig. 1. The structure of KP972

Ryc. 1. Wzór strukturalny preparatu KP972

Fig. 2. The effects of KP972 and cisplatin on SOD activity in erythrocytes; * – significantly 
higher than the control (KP972), ^ – significantly lower than the control (cisplatin)

Ryc. 2. Działanie preparatu KP972 i cisplatyny na aktywność SOD w erytrocytach;  
* – statystycznie istotnie większe niż w grupie kontrolnej dla preparatu KP972,  
^ – statystycznie istotnie mniejsze niż w grupie kontrolnej dla cisplatyny

^
^
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case of cisplatin, a statistically significant reduction 
in SOD activity was observed. All the analyzed doses 
(1.0 µg/ml, 3.5 µg/ml, 30.0 µg/ml, 40.0 µg/ml, 60.0 
µg/ml and 70.0 µg/ml) lowered antioxidant activity 
in erythrocytes (Fig. 2). 

However, both substrates caused a slight in-
crease in GPx activity. With KP972 this increase was 
statistically significant only at a dose of 1.0 µg/ml. 
Cisplatin enhanced GPx activity significantly at two 
concentrations: 40.0 µg/ml and 60.0 µg/ml (Fig. 3). 

KP972 has a different effect than cisplatin on 
the activity of SOD, whereas the effect of the two 
substances on GPx activity is similar, but insignifi-
cant at most doses (Tables 1 and 2).

In addition, the correlations were calculated be-
tween the activity of the two enzymes being studied 
and the concentrations of lipid peroxidation prod-
ucts (TBARS – thiobarbituric acid reactive substanc-
es) and hydroxyl radicals levels established previ-
ously [10]. Linear correlations between the chosen 
parameters indicate the involvement of the enzymes 
in preventing cisplatin-induced oxidative damage in 
cells. A significant negative correlation (r = –0.337; 
p = 0.013) between TBARS level and SOD activity 
in erythrocytes treated with cisplatin was observed. 
Moreover, a significant positive correlation (r = 
0.3805; p = 0.049) was noted between OH genera-
tion and SOD activity after cisplatin treatment. In 
contrast, no correlations were observed between 
KP972 and the parameters investigated.

The activities of SOD and GPx exposed to 
a mixture of KP972 and cisplatin were also deter-
mined (Tables 1 and 2, respectively). The combi-
nation of KP972 and cisplatin caused an increase 
in SOD activity, which was decreased by cisplatin 

on its own. At most doses (1.0 µg/ml, 40.0 µg/ml, 
60.0 µg/ml and 70.0 µg/ml), the SOD activity fol-
lowing treatment with this mixture was higher 
than after cisplatin treatment (p < 0.05, Table 1). 

Also, the KP972 and cisplatin mixture caused 
an increase in GPx activity in comparison with 
KP972, and a slight increase in comparison with 
cisplatin alone (Table 2).

Discussion
Glutathione peroxidase is responsible for the 

reduction of hydrogen peroxide, leading to the 
transformation of reduced glutathione into its oxi-
dized form, while superoxide dismutase neutralizes 
superoxide radicals. Changes in the activity of anti-
oxidant enzymes have been demonstrated in many 
types of cancers, indicating that oxidative stress 
plays an important role in carcinogenesis. Abnor-
mal production of reactive oxygen molecules is also 
caused by many xenobiotics and drugs [15].

As Maliakel et al. wrote: “Cisplatin is one of 
the most widely used cytotoxic therapeutic agents 
for the treatment of cancer. This drug, at effective 
higher doses, causes many adverse effect such as 
hepatotoxicity, ototoxicity or genotoxicity. [Its 
toxicity] has been attributed partly to the induc-
tion of free radicals” [16]. It causes oxidative stress, 
leading to decreased levels of reduced glutathione 
(GSH), glutathione peroxidase (GPx), superoxide 
dismutase (SOD) and catalase in various tissues, 
for example renal cells, along with increased lipid 
peroxidation [17, 18]. Data on the toxicity of cispl-
atin are abudant in the literature. Reactive oxygen 

Fig. 3. Effects of KP972 and cisplatin on GPx activity in erythrocytes; * – significantly 
higher than the control (KP972), ^ – significantly higher than the control (cisplatin)

Ryc. 2. Działanie preparatu KP972 i cisplatyny na aktywność GPx w erytrocytach;  
* – statystycznie istotnie większe niż w grupie kontrolnej dla preparatu KP972,  
^ – statystycznie istotnie mniejsze niż w grupie kontrolnej dla cisplatyny
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species generated during cisplatin therapy interfere 
with the physiological antioxidant defense mecha-
nisms in the cochlea of guinea pigs [19]. An in-
creased concentration of the hydroxyl radical and 
products of protein nitration such as nitrotyrosine 
were observed, which were a consequence of in-
tensive lipid peroxidation. A decrease in SOD ac-
tivity after cisplatin treatment was also noted [19]. 
A previous study by the current authors indicated 
increased production of •OH radicals after cispla-
tin exposure [10]. The data presented in that study 
showed a significant decrease in SOD activity in 
red blood cells after exposure to cisplatin in used 
concentrations from 1.0 µg / ml to 70.0 µg/ml, and 
a moderate increase in GPx activity at high doses 
of cisplatin. In turn, a study by Youngke et al. con-

ducted on transfected HepG2 cells and in vivo in 
mice showed that cisplatin-induced hepatoxicity is 
connected with a decrease in the level of catalase 
and GPx [20]. Along with the inhibition of antioxi-
dant mechanisms, the concentrations of hydroxyl 
radicals and superoxide anions were increased. In 
patients with chronic renal failure after cisplatin 
treatment, the level of free radical production in-
creased as a result of insufficient antioxidant bar-
rier activity; and the concentration of SOD deple-
tion after cisplatin was accompanied by increased 
levels of TBARS in the patients’ blood [21]. In the 
current study, a significant negative linear correla-
tion between plasma TBARS and erythrocyte SOD 
activity was observed. The relationship between 
the level of lipid peroxidation products and SOD 

Table 1. The mean value of SOD activity [U/gHb] in erythrocytes after exposure to cisplatin and KP972 or a mixture of the 
two, at different doses

Tabela 1. Średnia wartość aktywności SOD [U/gHb] w erytrocytach po ekspozycji na cisplatynę i KP972 lub ich mieszaninę 
w różnych dawkach

Compound
(Związek)

Concentration of KP972, cisplatin or both (Stężenie KP972, cisplatyny lub obu związków) [μg/ml] 

0 (control) 1.0 3.5 10.0 40.0 60.0 70.0

KP972 83.56 ± 8.97 98.9 ± 4.82 97.2 ± 6.25 109.3 ± 14.6 91.21 ± 7.79 86.25 ± 5.51 83.5 ± 8.97

Cisplatin 
(Cisplatyna)

129.68 ± 6.7 86.91 ± 9.27 87.48 ± 
4.03

82.55 ± 9.16 75.93 ± 7.84 66.4 ± 4.49 56.25 ± 2.41

Mixture of 
KP972 and 
cisplatin
(Mieszanina 
KP972 i cis-
platyny)

81.08 ± 4.27 109.32 ± 
6.41*
p < 0.001

85.8 ± 8.05 82.6 ± 7.8 84.4 ± 6.73*
p < 0.05

79.24 ± 
6.10*
p < 0.05

72.19 ± 
19.24*
p < 0.05

* Significantly higher than the cisplatin group. 
* Istotnie statystycznie większe niż grupa cysplatyny.

Table 2. The mean value of GPx activity [U/gHb] in erythrocytes after exposure to cisplatin and KP972 or a mixture of the 
two, at different doses 

Tabela 2. Średnia wartość aktywności GPx [U/gHb] w erytrocytach po ekspozycji na cisplatynę i KP972 lub ich mieszaninę 
w różnych dawkach

Compound 
(Związek)

Concentration of KP972 or cisplatin (Stężenie KP972 lub cisplatyny) [μg/ml]

0 (control) 1.0 3.5 10.0 40.0 60.0 70,0

KP972 4420.8 ± 
381.8

5529.3 ± 
162.3

4760.1 ± 
184.7

4813.6 ± 
173.8

4654.8 ± 
353.7

4919 ±  
88.6 

4707 ±  
145.6

Cisplatin 
(Cisplatyna)

5394.8 ± 
357.3

5448.3 ± 
197.8

5589.3 ±  
140.8

5713 ±  
7.04

6030 ±  
133.7

5730 ±  
79.8

5747 ±  
172.7

Mixture of 
KP972 and 
cisplatin 
(Mieszanina 
KP972 i cis-
platyny)

4883.2 ± 
304.2

5192 ± 
261.65

5627 ±  
279.1*
p < 0.05

5834 ± 
456.9*
p < 0.05

6019 ± 
765.4*
p < 0.05

6074 ± 
376.6*
p < 0.001

5489 ±  
394.3*
p < 0.05

* Significantly higher than KP972 alone. 
* Istotnie statystycznie większe niż KP972.
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activity is not obvious. The first phase of peroxida-
tion is usually caused by stimulation of the antioxi-
dative barrier, but then the enzyme level would be 
exhausted. The TBARS/SOD relationship could be 
also disturbed by a direct influence of xenobiotics 
on the TBARS and SOD levels.

Both the results of the current authors’ own 
research and the data in the literature indicate the 
importance of free radical mechanisms in the tox-
icity of cisplatin. Studies conducted on humans or 
on animals have shown that cisplatin’s effect on 
the antioxidant barrier is not obvious. The activ-
ity of antioxidant enzymes at different stages of tu-
mor progression, and also during treatment with 
antiproliferative drugs, is significantly changed by 
cisplatin. Increased GPx activity is observed in the 
initial stages of neoplastic transformation, while 
a sharp decrease in this enzyme is observed with the 
development of cancer, and at the malignant con-
version stage, GPx activity is low [22]. In the cur-
rent study, the impact of the evaluated compounds 
on GPx level was different than their effect on SOD 
activity. Neither cisplatin nor the pyridopyrazol-
opyrimidine derivative KP972 influenced GPx ac-
tivity, slightly increasing the activity of this enzyme 
only at two of the doses tested (p < 0.05). Some of 
the other derivatives of pyrido[1’, 2’: 1,5] pyrazolo 
[3,4’-d] pyrimidine show kinase inhibitor activity. 
Protein kinases catalyze the phosphorylation of ty-

rosine and serine, which are products of the me-
tabolism of various proteins with regulatory func-
tions. Uncontrollable kinase activity and mutations 
lead to uncontrolled cellular expansion [9]. The 
results of these experiments are grounds for hope 
that pyridopyrazolopyrimidine derivatives could be 
useful in reducing the nephrotoxicity of cisplatin in 
tumor therapy. The data in the literature and the 
authors’ own observations show conclusively that 
the body’s antioxidant barrier against free radicals 
is weakened during exposure to cisplatin. The ad-
verse side effects of cisplatin are connected with 
oxidative stress. The addition of a second antipro-
liferative drug, such as a pyridopyrazolopyrimidine 
derivative, might minimize the toxic side effects 
of cisplatin in multidrug therapy. In addition to 
its beneficial effects on reducing free radical con-
centration parameters (TBARS and •OH) in vitro, 
KP972 has a positive effect on the antioxidative 
barrier. The opposite effects of cisplatin and KP972 
on SOD activity suggest that using the two in joint 
treatment could be useful: KP972 could reduce the 
harmful effects of cisplatin on SOD. 

The authors conclude that pyridopyrazolopy-
rimidine derivatives (KP972) stimulate the antiox-
idant barrier, measured as SOD and GPx activity, 
while cisplatin does the opposite. Using KP972 and 
cisplatin in joint treatment partially alleviates the 
negative effects of cisplatin on SOD.
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