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Abstract: Both Adriamycin and nitric oxide (NO) cause apoptosis acting through or as
free radicals inciting oxidative stress in the cell. However, in some tissues the anti-
apoptotic action of NO was described, thereby the impact of NO on cell apoptosis is not
finally recognized. In this study, a trial of the evaluation of exogenous NO (L-arginine)
impact on apoptosis induced by Adriamycin in fetal kidney cells was undertaken. For
this reason, the expression of Heat Shock Protein 70 (HSP 70), environmental stress
marker, as a sensitive biomarker of oxidative stress induced in fetal kidney cells with
Adriamycin given to mothers prior to pregnancy was studied using immuno-
histochemical method. The expression of HSP 70 in fetal kidney cells, whose mothers
received apart from Adriamycin, L-arginine (as NO substrate) was also evaluated. The
results of the study pointed to the fact that the exogenous NO (L-arginine) could be
helpful in inhibition of intensified apoptosis in fetal cells as a late effect of Adriamycin
action.
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INTRODUCTION cells of the body which divide vividly [4, 15]. These
include also the embryo cells studied in this paper [13].
The main task of HSP 70 (heat shock protein 7@®ro-apoptotic activity of Adriamycin is ascribed among
belonging to the family of proteins called chaperones isthers to the action of free radicals developed in the
the reversible binding to various proteins and thejrocess of bio-transformation [1, 2, 14].
protection against disfiguration, which may be the effect L-arginine is a substrate, from which nitric oxide (NO)
of a cell shock [18, 19]. Expression of HSP 70 in the cedlrises in an organism with the help of enzyme - nitric
increases during many environmental stresses, the calldde synthase. NO as a free radical could develop, simi-
are susceptible to [16, 19]. Mukhopadhyetyal, while larly as Adriamycin, an oxidation stress and could also
studying Drosophila, noticed that HSP 70 might be usexkhibit pro-apoptotic activities [5]. On the other hand, NO
as a sensitive biomarker evaluating the risk of organismas also described as an apoptosis inhibitor in some
exposure to environmental pollution [11]. tissues [10]. So far, it is not known in what kinds of cells
Adriamycin, an anti-neoplastic antibiotic, causes apdNO acts anti-apoptotically and what is its mechanism of
ptosis in cells of numerous cancers, but also in normattion and eventual side effects.
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The aim of the present study was to evaluate the impaestgative control was performed (a slide without primary

of exogenous NO (L-arginine) on apoptosis (induced bgntibody).
Adriamycin) in fetal kidney cells. For this reason, the ¢ The preparations were incubated with biotinylated
expression of HSP 70 as a tender biomarker of oxidati@econdary antibody against mouse and rabbit antibody
stress was immunohistochemically evaluated in fetéBiotinylated Link Universal, DakoCytomation, USA), and
kidney cells in cases when Adriamycin was administered ¢ next with streptavidine conjugated with horse-radish
to mothers prior the pregnancy. The expression of HSP péroxidase (Streptavidin-HRP, DakoCytomation, USA).
in fetal kidney cells, whose mothers received apart from Finally, preparations were stained with AEC (DakoCy-
Adriamicin, L-arginine (as NO substrate) was also evaluateghmation, USA) and hematoxylin.
Photographic documentation was undertaken using
MATERIALS AND METHODS Colour Video Camera CCD-IRIS (Sony) compatible with
a computer. The results of immunohistochemical research

Twenty-four female Wistar rats were used in thevere evaluated quantitatively by the use of Analysis-pro,
experiment. Rats were divided into 3 groups: 2 expenrersion 3 software (Soft Imaging System GmbH, Germany).
mental (Ex1, Ex2) and 1 control (C), 8 rats in each group. The analysis of microscopic picture was carried out by

a) Female rats from experimental group Ex1 werat 125 x magnification by evaluating HSP 70 expression.
administered intraperitoneally Adriamycin (Adriblastin,Of each preparation, 3 random fields were chosen, each of
Farmitalia, Carlo Erba, Milan, Italy) in dose 5 mg/kg othe surface of 781,193.35 fanThe surface area showing
body weight. After 4 weeks female rats were mated witthe positive reaction (intensive red) was counted at each
males. At the end of pregnancy (on 20th day) female rédisld.
were decapitated. Results were statistically analyzed using an ANOVA

b) Female rats from experimental group Ex2 wertest and a Student’s t-test. Average, standard deviations
administered intraperitoneally Adriamycin in dose of @nd percent of positive reaction in examined tissue field
mg/kg of body weight. After 4 weeks female rats weravere determined. Differences were considered statisti-
mated with males. Pregnant rats were administered tally significant when p<0.05.
arginine (Argininum, Curtis Healthcare, Poznan, Poland)

(5 mg in 1 ml water) by gastric tube, every two days in RESULTS

dose 40 mg/kg of body weight 7 times, starting from the

end of 4th week from Adriamycin administration (till Immunohistochemical investigation of kidney's cells
about 14th day of pregnancy). At the end of pregnanayith positive HSP 70 reaction showed mainly diffused,
(on 20th day) female rats were decapitated. focally granular cytoplasmatic reaction (Fig. 1, 2, 3).

c) Female rats from control group (C) were given 0.5 The cytoplasm staining was from bright pink to red.
ml of 0.9% NacCl intraperitoneally. After 4 weeks femaldntensity of HSP 70 positive cytoplasm staining of cells
rats were mated with males. At the end of pregnancy (&m experimental group Ex1 (Fig. 2) was much stronger
20th day) female rats were decapitated. than staining of HSP 70 positive cytoplasm cells from

Two randomly chosen fetuses from each pregnant raxperimental group Ex2 (Fig. 3) where staining was of
were taken for experiment. Fetuses were decapitated asihilar, or lower intensity compared to control group (Fig.
the kidneys collected for immunohistochemical investigat).
tion. Positive HSP 70 reaction appeared mainly in the

Sections taken for immunohistochemical studies werytoplasm of epithelial cells of renal tubules. In the
fixed in 10% formalin, and then after dehydration anglomeruli reaction was present rarely and usually it was
embedding in paraffin cut into 5 um slides. The exseen in single endothelial cells and/or epithelial cells of
pression of HSP 70 was evaluated in preparations orighe visceral layer of the glomerular capsule.
nating from 16 fetuses from control group, 14 fetuses The range of colours assessed by the computer as a
from Ex1 group (1 female was not fertilized) and 164SP 70 positive was set on intensive red colour, red-pink
fetuses from Ex2 group (2 preparations from evergr pink colour were therefore not assumed to be positive.
individual, total 32 control slides, 28 Ex1 slides and 3Because fetal tissues generally stain poorly, in prepara-

Ex2 slides). tions prevailed pink colour, but not red.
The protein expression level was evaluated with a Out of 32 slides from control group, in 28 (87.5%) HSP
standard 3-step immunohistochemical procedure. 70 positive reactions were observed. In experimental

For antigen retrieval, preparations after deparaffinatingroup Ex1, in 26 slides out of 28 (92.9%) HSP 70 positive
were heat-processed in acidic environment (10 mM citrateactions were observed, and in experimental group Ex2,
buffer of pH=6.0 at 100°C). Consecutively, in the prethey were noted in 30 out of 32 (93.8%) slides.
parations endogenic peroxidase was blocked by incuba-The average field covered by the HSP 70 positive
tion in 0.3% solution of BD,. reaction in experimental group Exl (874.4 um?) was

» The preparations were incubated with the rabbdtatistically significantly greater than the average field of
primary antibody against HSP 70 (Lab Vision Ab-3; RBHSP 70 positive reaction in control group (191.3 pm?)
080-A0) in dilution of 1/100. For each preparation gp=0.010), and statistically significantly greater than the
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Table 1.Comparison of the average fields with HSP 70 positive reaction
in fetal kidney and percentages of fields affected with HSP 70 positive
reaction in three groups of rat fetuses. Total surface of each examined
field was 781,193.35 pin

Control Experimental Experimental
group C group Ex1, group Ex2,
n=96 n=84 n=96

Average HSP 70 191.32 +8.53 874.4 +418.72 34.04£6.8
positive field (um?)
+ standard deviation

Percentage of HSP 0.024% 0.112% 0.004%
70 positive field in

relation to

examinated field

N -
Figure 1. Section of fetal rat kidney from control group (C). Pink,
medium intensive, focal HSP 70 positive reaction visible in cytoplasm
of tubular epithelial cells. AEC and hematoxylin staining. Bar, 100 pm. p=0.01 p=0.0001 p=0.004

Statistical significance of differences*

Control versus Ex1 Control versus Ex2 Ex1 versus Ex2

n — number of measurements (examined fields).
* Statistical significance of differences was calculated by ANOVA test.

experimental group Ex2 (p=0.0001) (Tab. 1).The positive
reaction in control group covered 0.024% of examined
field, in experimental group Ex1 0.112% and in
experimental group Ex2 0.004% (Tab. 1).

The results of histochemical investigations show that
expression of HSP 70 in the kidney cells of fetuses whose
mothers were given Adriamycin before pregnancy
substantially increased as compared to the control. The
increase in reaction to HSP 70 provides an evidence that.
Adriamycin induced oxidative stress in the fetal kidney
cells causing damage to these cells. L-arginine, a nitric
oxide substrate, given to pregnant females treated with
Figure 2. Section of fetal rat kidney from experimental group Ex1. VeryAdriamycin significantly lowered HSP 70 expression.

intensive red HSP 70 positive reaction present in cytoplasm of thFhus L-arginine decreased the oxidative stress induced
majority of visible tubular epithelial cells. AEC and hematoxylin '

staining. Bar, 100 pm. by Adriamycin.

DISCUSSION

During fetal life the dividing cells are protected against
adverse effects of the environment by, among others, the
heat shock proteins. This fact was noticed by Eedrad.

[6]. The most probable reason for this phenomenon is the
inability of eliminating all environmental stressors to
which the healthy rat fetuses are susceptible. Neulebfer
al. studied the concentration of heat shock proteins in
kidney papilla and noticed that in physiological
conditions these cells are adjusted to their hyperosmotic
environment through overproduction of HSP 70 [12].
Investigations conducted in this study confirm these
4 dependences, as in the control group of fetuses the
. . : BN iti i HSP 70 was noticed.
Figure 3. Section of fetal rat kidney from experimental group EXz'pOSItlve reaction to

Immunohistochemical HSP 70 positive reaction with low intensity. AEC Also the _aPOIOtOS'S (mtensnjed in fetuses as gompared
and hematoxylin staining. Bar, 100 pum. to adult individuals) of the lesion cells prevents improper

development of the organism [9].
average field of HSP 70 positive reaction in experimental The free radicals produced by Adriamycin have great
group Ex2 (34.04 um?) (p=0.004) (Tab. 1). The averageaffinity to oxygen, causing that mitochondria, main cell
field covered by the HSP 70 positive reaction is contra@nergy producer become damaged. In the cell there occurs
group was statistically significantly greater compared tthe so-called oxidative stress, which on the one hand is
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stimulating for expression of HSP 70, but on the other 3. Barogi S, Baracca A, Cavazzoni M, Castelli GP, Lenaz G: Effect

; ; the oxidative stress induced by adriamycin on rat hepatocyte
hand is a Ca.use of Ce.” death by apopt95|s [3, 7, 8]. Fr. joenergetics during ageiniglech Ageing De2000,113 1-21.
damaged mitochondria cytochrome C is released, whichy gjym RH, Carter SK: Adriamycin, a new anticancer drug with

binds with other proteins and activates caspase-Sgnificant clinical activity Ann Int Med1974,80, 249-259.
Caspase-9 starts caspase cascade, stimulating effectdr Brune B, von Knethen A: The role of nitric oxide and

caspases, which in consequences leads to cutting @ﬁé‘;‘l’%gg”25‘13‘91'53_'213“8““""“”9 apoptosisEnviron Pathol Toxicol

nuclear DNA and to apoptOSis [17]. _ 6. Evans TG, Yamamoto Y, Jeffery WR, Krone PH: Zebrafish Hsp
Increased expression of HSP 70 in fetal renal cells aftey is required for embryonic lens formatioBell Stress Chaperones

Adriamycin administered to mothers in the present stud05,10, 66-78.

: ; s 7. Herr |, Debatin KM: Cellular stress response and apoptosis in
confirms that renal cells were stressed, in that condition '~ - therapyBlood 2001 98, 2603-2614.

_lJpon oxidative strgss [19]. Damage to mitOChonqria ar_‘ 8. Igney FH, Krammer PH: Death and anti-death: tumor resistance
increased apoptosis of fetal renal cells after Adriamycia apoptosisNat Rev Cance2002,2, 277-288.
administered to mothers were already reported [13]. 9. Lichnovsky V, Prochazkova J, Erdosova B, Nepozitkova D, Kolar

- The role of apoptosis and the genes regulating apoptosis in the early
In the group of fetuses whose mothers apart fro@ﬁerentiaﬂon of human embryGen Physiol Biophy$999,1, 96-99.

Adriamycin adminiStered int.ra_peritone.ally before preg-" 1o Liy L, Stamler J5: NO: an inhibitor of cell deatiell Deat Differ

nancy had received L-arginine during 2 weeks 0f999,6, 937-942.

pregnancy, the substrate for NO, decreased HSP 7011.Mukhop§1dhyay I, Nazir A, ngena DK, Chowdhuri DK:TOXiCity .

expression was noted. This decreased even Comparativg(ljgypermethrm: HSP 70 as a biomarker of response in transgenic
{

- . sophilaBiomarkers2002,7, 501-510.
to control fetuses. This could be the evidence that NO ha 12.‘,)\,euhofer W, Holzapfel K, Fraec ML, Ouyang N, Lutz J, Beck

decreased cellular shock in that group. In case of th&: Chronic COX-2 inhibition reductases medullary HSp 70 expression
present study it decreased the oxidative stress inducedalgg induces papillar apoptosis in dehydrated Kitiey Int2004,65,
431-441.

Adrlamycm and leadmg to the unwanted apoptosis. 13. Pedrycz A, Wieczorski M, Czerny K: Late effects of Adriamycin
It should be stressed that, to the best of our knoWled%@le dose on fetal rat kidney — ultrastructural assessraentron

there are no reports published in the hitherto literatumexicol PharmacoR005,20, 157-160.

concerning changes in HSP 70 expression induced by NOL4.Skomra D, Chibowski D: Assessment of Daunorubicin

in fetuses. nephrotoxicity and effect of tocopherol and ascorbic acid on lesions

- L . .. _induced in rat's kidneys. Part |. Histological and histochemical and

The ability of inciting and inhibiting apoptosis is pigchemical studiessnn UMCS1093,98, 181-185.

extremely necessary in today’s medicine as it appears tois. Speth PA, Van Hoesel QG, Haanen C: Clinical pharmacokinetics

be invaluable in treating neoplasms and other difficultf doxorubicin.Clin Pharmacokine1988,15, 15-31.
ailments. The results of the present study demonstrate th?l}G.Wang SZ, Wang L, Gao XD, Cheng Z, Bi HG, Wang DZ:
.. . . ... Influence of the expression of heat shock protein 70 in maxillofacial
exogenous NO (L-arginine) could be helpful in inhibitings amous cell carcinoma by thermochemothetidpy. Xi Kou Qiang Yi
intensified apoptosis in fetuses as a late action e Za Zh005,23, 277-279.
Adriamycin. 17. Wieczorski MThe effects of single dose of Adriamycin on mature
and fetal rat liver — assessment of the cytomorphological changes
Thesis. Medical University of Lublin 2003.
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