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Abstract

Aim: Recently, there is an increased average of developing cancers. Though,
the chemotherapeutic-treatment is unfavorable during pregnancy due to its
harmful effects on developing fetuses, physicians have two ways to minimize
these effects either by termination of the pregnancy or minimizing its side ef-
fects. The present work aimed to illustrate the susceptibility of cardiac, lung
and dorsal aorta function to the widely applicable drugs doxorubicin and cis-
platin as well as 5-flurouracil. Materials and Methods: Mother albino rats
were arranged into four-groups (control, doxorubicin, cisplatin and 5-flurou-
racil-treated groups). Each pregnant rat received intraperitoneal administra-
tion of 0.2 mg/kg body weight at 10" and 14™ day of gestation and sacrificed
at parturition (two doses). At parturition, serum of mother rats used to assess
troponin I, heat shock protein 70, 8-hydroxydeoxyguanosine, vascular endo-
thelial growth factor and adhesion molecules (ICAM-1 & VCAM-1). Isoen-
zyme electrophoresis of alkaline and acid phosphatases, glucose-6-phosphate
dehydrogenase and lactic dehydrogenase were estimated in serum, myocar-
dium and dorsal aorta of mother rats. The myocardium and lung were
processed for histopathological investigations for both mothers and their
offspring. Single strand (comet assay) and double strand DNA damage were
carried out in heart and dorsal aorta of mother rats. Results: The present
finding revealed that there are detected alterations of myocardial markers and
lung amino acid metabolism as well as disruption of myocardial isoenzymes.

DOI: 10.4236/cm.2017.83007 Aug. 15, 2017 82

Chinese Medicine


http://www.scirp.org/journal/cm
https://doi.org/10.4236/cm.2017.83007
http://www.scirp.org
https://doi.org/10.4236/cm.2017.83007
http://creativecommons.org/licenses/by/4.0/

H. A. EI-Ghawet et al.

DNA damage of myocardium and dorsal aorta were observed. Conclusions:
The authors concluded that the metabolic activity of heart and lung is highly
susceptible to doxorubicin and cisplatin treatment compared to 5-flurouracil
and the therapeutic doses must be degraded.
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1. Introduction

Chemotherapeutic-treatment is unfavorable during pregnancy due to its unusual
effects on the developing fetus. Termination of pregnancy is the most protocol of
treating mother to improve maternal prognosis. However, under the emergency
of diagnosed cancer in pregnant women, approximately one in every 1000 births
is from women having or being treated from breast cancer, cervical cancer, ma-
lignant lymphoma and malignant melanoma [1] [2].

Renal cell carcinoma in horseshoe kidney was diagnosed during the second
trimester of gestation [3]. Boudy et al [4] reported 108 pregnant patients devel-
oped breast cancer and undergoing chemotherapeutic-treatment with trastuzu-
mab. The diagnosis of lymphoma in pregnant women gives a therapeutic chal-
lenge needed of the developing fetus without compromise of therapeutic poten-
tial for the mother. The decision of therapy during gestation is hardly influenced
by mother and fetuses [5].

Gwyn [6] reported treatment of 98 breast cancer pregnant at the University of
Texas M.D. Anderson Cancer Center, and observed normal growth of fetuses
exposed maternally to the chemotherapy in the second and third trimesters.

The chemotherapeutic drugs 5-fluorouracil (F), doxorubicin (A) or epirubicin
(E) and cyclophosphamide (C), or the combination doxorubicin and cyclo-
phosphamide (AC) are considered safe when undertaken after the first trimester
of pregnancy [7].

Cardiotoxicity induced by the anticancer drugs is a public health problem.
Heart needs large demands of energy to maintain its contractility via depolariza-
tion of the sarcolemma surface membrane [8]. There is a large requirement of
heart to increase demand of fatty acids, glucose, ketone bodies, pyruvate, lactate,
amino acids and other protein constituents. The energy liberated from these nu-
trients supports mechanical contraction, transmembrane pumps, ionic homeos-
tasis, electrical activity, metabolism and catabolism [9].

The development of adult lung disease starts as a result of stress and injury
during perinatal development, the critical period of organogenesis [10]. Al-
though most studies have postulated that adult respiratory disorders, may have

developmental origins in the perinatal period [11]. However, its mechanism and
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onset of disease later in life are unclear. The mechanism of doxorubicin and cis-
platin and 5-flurouracil on cardio-and lung toxicity are still under investigations.

Taking in consideration that the chemotherapeutic treatment is unfavour
during pregnancy but under critical emergency and drug application, it is
needed to follow up the health status of offspring to overcome any side effects.
The present work designed to outline the role of the used anticancer drugs on
cardiac and lung function of mother and their offspring. These organs give the
mother and their neonates the creation of life through pumping the blood, nu-
trients and oxygen to all body organs. Different tools are employed such as his-
topathology, isoenzyme electrophoresis, biochemical and amino acid analysis

and single and double strand DNA damage.

2. Materials and Methods
2.1. Applied Drugs-Treatment

The used chemotherapeutic drugs (Doxorubicin, cisplatin and 5-fluorouracil)
were intraperitoneal administered at doses of 0.2 mg/kg body weight at 10™ and
14™ day of gestation and sacrificed at 19™ days of gestation (two doses). Cisplatin
(CS, cis-diamminedichloroplatinum), obtained from Sigma Chemical Co (St.
Louis, MO, USA). Doxorubicin (DOX, adriamycin) obtained from adriablastina,
Farmitalia Carlo Erba, Milan, Italy, meanwhile fluorouracil (5-Fu, pyrimdine
antagonist) was supplied by Saladax Biomedical company.

2.2. Experimental Design

Twenty-four virgin albino rats weighing approximately 160 - 180 g body weight
(4 month old) were obtained from Hellwan Breeding Farm (Ministry of Health,
Egypt) and kept in aerated room with 12 hour light and dark cycle at 22°C -
25°C. Free access of standard diet and water were allowed ad-/ibitum. Mating
was carried out with healthy fertile male (2 female/1 male) for overnight and
onset of gestation was determined in the next morning after observing sperm in
vaginal smear. Pregnant rats were divided into four groups (n = 6). Control (sa-
line-treated), DOX, Cs, and 5-FU-treated groups. Each pregnant mother re-
ceived intraperitoneal administration of 0.2 mg/kg body weight at 10" and 14™
day of gestation and sacrificed at parturition (two doses). At parturition, the
animals were anesthetized and sacrificed according to the guidelines of the
Egyptian Bioethics Committee. Blood was obtained from sacrificed mother
groups (n = 6) and their serum was separated. The heart, dorsal aorta and lung
were separated from mothers, meanwhile only heart and lung from their newly
born (n = 5). For biochemical assessments and enzyme electrophoresis, the ma-
ternal tissues were homogenized in phosphate buffer (pH 7.4), centrifuged and
their supernatants were stored at —10°C. Extra whole specimens were kept in re-

frigerator for determination of comet assay and DNA fragmentation.

2.3. Biochemical Investigations

The tissue homogenates of heart and dorsal aorta were subjected for estimating
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the followings:

Troponin I: This was carried out by using ELISA kit of My Bio Source com-
pany (San Diego, CA 92195-3308, USA).The tissue samples were incubated with
horse reddish peroxidase containing the antibody of TNI and the product reac-
tion forms a blue colored complex by using 3,3’,5,5 -tetramethylbenzidine and
measured spectrophotometrically at 450 nm.

Heat shock protein 70 (HSP-70): It was measured by ELISA Kit (Nunc Im-
munoplate Maxisorp; Life Technologies, UK). The specimens were coated with
10 ng of recombinant Hsp 70 in phosphate-buffered solution, followed by treat-
ing with its antibodies (Sigma-Aldrich, Inc, USA) and o-phenylenediamine for
coloring development and measured at 492 nm [12].

8-hydroxy-2-deoxy guanosine (8-OHdG): Its amount was determined by the
Bioxytech-ELISA Kit (OXIS Health Products, Portland, OR, USA, Catalog. No.
KOG-200S/E). The tissue samples were incubated with horse reddish peroxidase
in wells containing the antibodies of 8-OH-dG and incubated at 37°C for 1 h,
followed by addition of tetramethylbenzidine for color production and mea-
surement at 450 nm [13].

Vascular endothelial growth factor (VEGF): It was determined by ELISA kit
(R&D System, Minneapolis, MN, USA) via combination of avidin with horsera-
dish peroxidase and TMB substrate in wells containing tissue samples and VEGF
antibodies. The color reaction was assayed spectrophotometrically at 450 nm.

Intracellular adhesion molecule (ICAM)-1 and vascular adhesion molecule
(VCAM)-1: These were assayed using ELISA kit (R & D Systems; Minneapolis,
MN) after conjugation of rat ICAM-1 and VCAM-1 to horseradish peroxidase
and development of the color by the addition of 100 pL of tetra-methylbenzi-
dine at wavelengths of 450 & 620 nm.

2.4.Isoenzyme Electrophoresis

Fresh serum and homogenized heart and dorsal aorta were used. The homoge-
nized specimens were centrifuge and their supernatants were assayed for their
protein content [14] and electrophoresis was carried out [15]. The protein bands
were stained with Coomassie blue R-250 (60 mg/1) in an acidic medium [16]. For
visualization of alkaline and acid phosphatase, glucose-6-phosphate dehydroge-
nase (G6PD) and lactic dehydrogenase, the electrophoretic tissue samples were
incubated in the selected medium for each kind of the assessed enzyme. Alkaline
phosphatase (ALP) was determined by incubating the gel in a alkaline tris-borate
buffer, pH 9.5 containing a-naphthyl phosphate and Fast Blue BB at 37°C [17].

For acid phosphatase (AP), electrophoresis was carried out of the serum and
tissue samples and incubated in 0.09 M citrate buffer at pH 4.8 containing p-ni-
trophenyl phosphate disodium salt at 37 A [18].

Glucose-6-phosphate dehydrogenase gel electrophoresis was performed at 4°C
according to Gaal ef al [19]. The electrophoretic buffer is composed of 5 mM
Tris, 80 mm aspartate, and 20 uM NADP + at pH 7.4. Staining of the gel was

DOI: 10.4236/cm.2017.83007

85 Chinese Medicine


https://doi.org/10.4236/cm.2017.83007
https://www.mybiosource.com/

H. A. El-Ghawet et al.

carried outby a solution composed of 20 ml 1.2 mmol Tris-Pi (pH 8.5), 25% (v/v)
glycerol, 30 pmol glucose-6-phosphate, 4 u mol NADP+, 6 mg p-nitroblue te-
trazolium, and 0.5 mg phenazine methosulfate. For lactic dehydrogenase, after
electrophoresis, the gel was incubated in buffer medium containing tetrazolium-
blue, phenazine methosulphate, Na-lactate and NAD to develop colour reaction
after 20 min [20].

2.5. Lung Amino Acid Content

Known weights of lung samples of mother rats were hydrolyzed by 6 M hy-
drochloric acid, followed by hot dilute detergent solution at neutral pH and dis-
tilled water. The protein samples was squeezed out in the column and extracted
with petroleum ether and 95% ethyl alcohol and allowed to dry under vacuum.
These was followed by dissolving in a known volume of 0.2 M sodium citrate
buffer (pH 2.0) and loaded on the amino acid analyzer equipped with a cation
exchange column (Amersham Pharmacia Biotech). Elution of the amino acids
were carried out and determined calorimetrically at 440 nm for proline and hy-

droxyproline and at 570 nm for all other ones [21].

2.6. Histological Investigation

Fresh heart and lung of mother rats and their newly born were fixed in 10%
phosphate buffered formalin (pH 7.4), dehydrated in an ascending grades of
ethyl alcohol, cleared in xylene, and mounted in molten paraplast at 58°C - 62°C.
5 um-thick sections were cut, stained with hematoxylin and eosin, and investi-

gated under a Olympus bright field microscope.

2.7.Single Cell Gel Electrophoresis (Comet Assay)

The heart and dorsal aorta of both control and experimental mother rats were
homogenized in chilled homogenizer buffer and a 10% tissue solution was ob-
tained. Six pL of the homogenate was placed on 0.5% low melting agarose and
sandwiched between 0.6% normal and low melting agarose on frosted slides. Af-
ter solidification, the slides were mounted in a lysis solution to allow unwind of
the DNA. Neutralization was carried out by Tris-HCI buffer (pH 7.5) as well as
staining with a fluorescent DNA-specific stain; ethidium bromide or propidium
iodide. Each slide was analyzed using a Leitz Orthoplan epifluorescence micro-
scope (Wetzlar, Germany). Fifty cells were investigated on each slide using the
Comet Assay II Automatic Digital Analysis System. The head is composed of in-
tact DNA, while the tail consists of damaged ones. The tail length (mm), tail
moment and DNA concentration were measured automatically by the image

analysis software [22].

2.8. DNA Fragmentation Assay

Freshly dissected maternal heart and dorsal aorta were washed in ice-cold phos-
phate-buffered saline and suspended in 100 mL lysis buffer (10 mM Tris-HCl/10
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mM EDTA/0.5% Triton X-100, pH 8.0), vortexed, sonicated, and incubated on
ice. Centrifugation were carried out for 20 min at 4°C (14,000 x g) and the su-
pernatants containing DNA were treated with RNase A and followed by protei-
nase K (0.4 mg/mL; Sigma) at 37°C. DNA concentrations were determined and
their electrophoretic mobility was carried out on 1.5% agarose gel against the
standard [23].

2.9. Biostatistics

Data are presented as means * standard error of six replicates. Statistical differ-
ences were estimated by analysis of variance; comparisons was carried between
the control and treated group using multivariance one way anova. Statistical sig-

nificance was recorded at P < 0.05.

3. Results

3.1. Biochemical Observations

From Table 1, there was a marked increase of TN I, 8-OHdG, HSP-70 and de-
crease of VEGF and adhesion molecules (VCAM-1 & ICAM-1).

3.2. Amino Acid Analysis

From Table 2, there was a detected depletion of the amino acids contents in lung
of mother rats post—the anticancer drug-treatment. A marked depletion was
reported for arginine (arg), cysteine (cys), glutamine (glu), histidine (his), leu-
cine (leu), methionine (met), phenylalanine (phe), proline (pro) and lysine (Lys)
in all the treated groups. Only significant decrease for alanine (ala), glycine (gly)
and lysine (lys) in 5-Fu-treated mother rats. Isoleucine (Ile) is non-significantly

changed.

3.3.Isoenzyme Electrophoresis

From Figure 1, the expression of alkaline phosphatase isoenzyme in serum,

heart and dorsal aorta of mother intoxicated with the applied anticancer drugs

Table 1. Biochemical markers of cardiotoxicity of mother rats intoxication with doxoru-
bicin, cisplatin and 5-flurouracil.

TNI 8-OHdG VEGF HSP-70 VCAM-1 ICAM-1
(pg/100 mg) (ng/100 mg) (pg/100 mg) (ng/100 mg) (ng/100mg) (ng/100 mg)

C 1.52+0.16 2.06+0.09 57.73+£2.55 54.78+1.38 6.76+0.12 5.57+0.19
DOX 291 £0.19* 4.22 +£0.12* 45.63 £2.57* 58.86 + 1.86* 4.36 £0.19* 3.21 +0.11*
Cs 3.87£0.13* 552+0.11* 4138 +1.18% 6536 +£1.52* 4.11 +0.14* 3.09 £ 0.08*

5-FU 3.64 £0.13* 5.28 £0.09* 46.85+1.89* 61.52 +3.39% 4.96 +0.17* 3.13 +0.09*

Each result represent mean + SE (n = 6). *significant at P < 0.05. Abbreviations; TNI, troponin I; 8-OHdG,
8-hydroxydeoxyguanosine; VEGF, vascular endothelial growth factor; HSP-70, heat shock protein 70;
VCAM-1, vascular adhesion molecule; ICAM-1, Intracellular adhesion molecule.

DOI: 10.4236/cm.2017.83007

87 Chinese Medicine


https://doi.org/10.4236/cm.2017.83007

H. A. El-Ghawet et al.

Table 2. Lung amino acid contents of mother rats intoxication with doxorubicin, cispla-
tin and 5-flurouracil.

( ;’;ﬁ’/‘;’o’;c‘;‘;) C DOX Cs 5-FU
Essential amino acids
His 0.041 +£ 0.024 0.014 £ 0.001* 0.018 £+ 0.048* 0.013 £ 0.001*
Ile 0.156 £ 0.002 0.138 £0.014 0.149 £ 0.002 0.133 £ 0.002
Leu 0.597 £ 0.047 0.326 + 0.022* 0.494 + 0.008* 0.427 £+ 0.007*
Lys 0.047 £ 0.006 0.035 £ 0.003* 0.038 £ 0.001* 0.028 £ 0.001*
Met 0.641 £ 0.021 0.452 £+ 0.005* 0.416 £ 0.014* 0.439 £ 0.037*
Phe 0.177 £ 0.012 0.146 £ 0.012* 0.143 £ 0.006* 0.142 £ 0.011*
Non-essential amino acids
Ala 0.034 £ 0.01 0.025 £ 0.002 0.021 £ 0.001 0.018 £ 0.001*
Arg 0.198 £ 0.012 0.158 + 0.006* 0.168 + 0.012* 0.136 £ 0.012*
Asp 0.554 + 0.030 0.316 £ 0.014* 0.337 £ 0.016* 0.378 £0.019*
Cys 0.949 + 0.093 0.742 £ 0.010* 0.755 £ 0.025* 0.513 £0.018*
Glu 0.459 + 0.025 0.281 £ 0.014* 0.337 £0.019% 0.275 £ 0.013*
Gly 0.151 £0.015 0.134 £0.019 0.122 £ 0.008 0.093 £ 0.004*
Pro 0.194 £0.011 0.157 £ 0.007* 0.1682 + 0.008* 0.166 £ 0.007*

Each result represent mean + SE (n = 6). *significant at P < 0.05. Abbreviations; Ala, alanine; Arg, arganine;
Asp, aspartic acid; Cys, cysteine; Glu, glutamic acid; Gly, glycine; His, histidine; Ile, isoleucine; Leu, leucine;
Lys, lysine; Met, methionine; Phe, phenylalanine.

exhibited decreased expression of the isoenzyme fractions 2 and 3 compared
with increased intensity of fraction I. Also, the diffusion rates were altered. In-
creased intensities of double bands of isoenzyme fraction one was observed in
dorsal aorta of 5-Fu-treated mother. For AP, 3 isoenzyme fractions are detected.
There is no change in isoenzyme expressions post-drug treatment.

In G6-PD, 5 isoenzyme fractions are observed in serum, heart and dorsal aor-
ta. DOX-treated mother showed faint expression of the serum isoenzyme frac-
tions VI & V comparing with control and other Cs and 5-Fu. In heart tissue,
there was a detected missing of the isoenzyme fraction V in DOX- and Cs-
treated group meanwhile fraction II weakly expressed in 5-Fu. In dorsal aorta,
the isoenzyme fractions I and V were altered (Figure 2).

Lactic dehydrogenase expressed 5 isoenzyme fractions in the investigated tis-
sues. Anticancer-drug treatment decreased the enzyme expression and increased

their rate of diffusion.

3.4. Histopathological Observations:
3.4.1. Heart

In control mother, the myocardial muscle fibers are binucleated and regularly

oriented (Figure 3(a)). Myocardial muscle intoxicated with the applied

DOI: 10.4236/cm.2017.83007

88 Chinese Medicine


https://doi.org/10.4236/cm.2017.83007

H. A. EI-Ghawet et al.

s H DA
e —— | Tu——_owe— —— e =2 =1
¢ DOX Cs 5-FU ¢ DOX Cs 5-FU ¢ DOX Cs 5-FU
b 2 - —

ALP

AP

LDH

Figure 1. Isoenzymes electrophoresis of alkaline and acid phosphatase, glucose-6-phos-
phate dehydrogenase and lactic-dehydrogenase of heart and dorsal aorta of mother rats
treated with doxorubicin, cisplatin and 5-flururacil. Abbreviations; ALP, Alkaline phos-
phatase; AP, Acid phosphatase; DA, Dorsal aorta; G6PD, Glucose-6-phosphatase dehy-
drogenase; H, Heart; LDH, Lactic dehydrogenase; S, Serum. *Means decreased or missing
expression of the isoenzyme.

anticancer drugs showed eosinophilic disorganized muscle fibers having nu-
merous necrotic zones (Figures 3(al)-(a3)).

The control myocardium of offspring is composed of regularly oriented bi-
nucleated muscle fibrils aligned in contact with each other (Figure 3(b)). How-

ever, offspring maternally-treated with the used anticancer drugs exhibited
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Figure 2. Photomicrographs of histological sections of myocardial tissues of both mother rats (a)-(a3) and their offspring (b)-(b3)
and lung tissues of mother rats (c)-(c3) and offspring (d)-(d3) of both control (a)-(d) and anticancer-drug-treatment (al)-(a3),
(b1)-(b3), (c1)-(c3) and (d1)-(d3). (al) Mother rats intoxicated with doxorubicin. (a2) Mother rats intoxicated with cisplatin. (a3)
Mother rats intoxicated with 5-Fu. (bl) Offspring maternally treated with doxorubicin. (a2) Offspring maternally treated with
cisplatin. (b3) Offspring maternally treated with flurouracil. (c) Control mother lung. (d) Control offspring lung. al. Mother rats
intoxicated with doxorubicin. (c2) Mother rats intoxicated with cisplatin. (c3) Mother rats intoxicated with 5-Fu. Note focal col-
lection of inflammatory cells forming granulomatous lesions. (d1) Offspring maternally treated with doxorubicin. (d2) Offspring
maternally treated with cisplatin. (d3) Offspring maternally treated with flurouracil. Note hyperplasia and necrosis of alveolar
lining epithelium. HX-E.

disorganization of the muscle fibers with leukocytic infiltration and widespread
of necrotic patches (Figures 3(b1)-(b3)).

3.4.2.Lung

The lung of control mother rats are composed of numerous alveoli outlined with
a very thin layer of connective tissue and fine blood capillaries. The alveoli are
lined by a single layer of squamous epithelium (Figure 3(c)). Treatment with the
used anticancer drugs including DOX, Cs and 5-Fu revealed damage and hyper-
plasia of alveolar lining cells. The leukocytes densely aggregated within the al-

veolar tissues missing their lumina and disorganized their structures. DOX
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Figure 3. Comet assay of myocardial (a)-(a3) and dorsal aorta (b)-(b3) of control (a) & (b) and DOX (al) & (b1), Cs (a2) & (b2)
and 5-Fu-treated mother rats (a3) & (b3). Note the increasing of stretched myocardial and aortic cells with DNA damage in post-
anticancer drugs-treatment (*).

exhibited massive lung damage compared to the other applied drugs (Figures
3(cl)-(c3)).

On the other hands, offspring maternally-treated with the used anticancer
drugs developed hyperplasia of the alveolar lining cells and widespread of ne-
crotic patches leading to obstructive losing of the alveolar lumina compared to
the control (Figures 3(d)-(d3)).

3.4.3. Single and Double Strand DNA Damage

The genomic degree of laddering (total DNA fragmented) increased in heart and
dorsal aorta post-treatment with the used anticancer drugs. Dorsal aorta showed
the highest degree of damage (Figure 4). Applying single strand DNA (Comet
assay); there was a marked increase of detaching, tail length and tail mobility in
heart and dorsal aorta of the chemotherapeutic drug-treatment (Figure 5).

4. Discussion

Although the chemotherapeutic treatment is unfavorable during pregnancy, un-
der critical emergency and drug application, it is needed to follow up the health
status of offspring to overcome any side effects. The present work is designed to il-
lustrate the role of anticancer drugs on cardiac and lung function of mother and
their offspring. These organs give the mother and their neonates the creation of
life through pumping the blood, nutrients and oxygen to all body organs.

The observed myocardium of mother rats received one of the following drugs;
doxorubicin, cisplatin and 5-fluorouracil exhibited widespread necrotic patches
and disorganized muscle fibers. There was little pathological alternations de-
tected in maternally-treated neonates due to their metabolic detoxication and
placental barriers.

The present findings agree with Lipshultz [24] whom reported 11.8-fold of

cardiotoxicity in children receiving a cumulative dose of anthracyclines more

DOI: 10.4236/cm.2017.83007 91 Chinese Medicine


https://doi.org/10.4236/cm.2017.83007
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2676818/%23b58-ijn-2-567
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2676818/%23b58-ijn-2-567
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2676818/%23b58-ijn-2-567

H. A. El-Ghawet et al.

35

IDC ODOX EmCs O05-FU

Tail length (um) DNA (%) Tail moment (U)
Heart

(a)

30

EC mDOX OCs W5-FU

25

20

15

10

Tail length (um) DNA (%) Tail moment (U)
Dorsal aorta

(®)

Figure 4. Charts illustrating tail length, DNA percentages and tail moment of myocardial
and aorta cells of DOX, Cs and 5 Fu-treated mother rats. Each result represent mean + SE
(n = 6). *Significant at P < 0.05.

than 300 mg/m* compared to the less dose-treatment. Assessment of dose and
follow up is of critical importance during chemotherapeutic treatment.

The disrupted cardiac function was confirmed by altering of the electrophore-
sis of alkaline phosphatase, glucose-6-phosphate dehydrogenase and lactic dehy-
drogenase.

There are similar findings of altered myocardial enzymes in relation to anti-
cancer drug-therapy. Serum lactic dehydrogenase increased during either Cs or
DOX-treatment [25] [26] [27].
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Figure 5. Genomic DNA fragmentation showing degree of laddering of DNA expressing
DNA fragmentation in heart and dorsal aorta of DOX,Cs and 5-Fu-treated mother rats.
Abbreviations; C, control; DOX, doxorubicin; Cs, cisplatin; 5-Fu, flurouracil.

The observed altered glucose-6 phosphate dehydrogenase isoenzyme fractions
I, VI and V in serum, heart and dorsal aorta may reflect the disruption of pen-
tose phosphate pathway, retarding the synthesis of NADPH from NADP [28].

Glucose-6-phosphate dehydrogenase X-linked mice were found to impaired
myocardial relaxation [29] through increased liberation of reactive oxygen spe-
cies and reduction of glutathione levels [30].

The observed high level of serum troponin I, heat shock protein 70 and 8-
hydroxy-deoxyguanosine reflected the damage of cardiomyocytes in mother rats
and their newborn.

Myocardial troponin I is a sensitive biomarker of cardiotoxicity. DOX-treat-
ment induced high level of troponin I in dogs receiving five doses every three
weeks of 30 mg/m® body surface area [31]. The present findings supported the
work of El-Awady et al. [32] who reported elevated activities of lactate dehydro-
genase, plasma cardiac troponin, depletion of the glutathione S transferase con-
tent, superoxide dismutase activity and increased of malondialdhyde in rats ad-
ministered intraperitoneally a single dose of 10 mg cisplatin/kg. body weight.

The alterations of the assayed isoenzyme fractions are correlated with the de-
creased metabolic activity of heart and dorsal aorta and these reflected on de-
clining the metabolic activity of amino acids of lung tissue.

The present findings agree with Kroese and Scheffer [33] whom observed in-
creased level of 8-OHdG in atherosclerotic patients with cardiovascular diseases.
The increased level of 8-OHAG predicted the cardiotoxicity of the applied treat-
ment of the anticancer drugs.

It is known that heat shock protein 70 is important for cell growth, protein
synthesis [34], transport and degradation of protein components [35]. Increased
HSP70 predicted the damage of cardiomyocytes.

On the other hand, treating mother rats with used anticancer drugs exhibited
depletion of serum VEGF and adhesion molecules (ICAM-1 & VCAM-1).

Also, vascular endothelial growth factor is known to regulate the proliferation,
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sprouting, and migration of the endothelial cells and overexpressed in cardi-
omyocytes [36]. Exogenous VEGEF is a potent arteriogenic growth factor that can
induce cardiac hypertrophy and counteract metabolic problems of obesity [37]
[38].

Similar findings of decreased level of ICAM-1 were reported in cardiac tissue
of rats administered single dose of 20 mg/kg L.P. as well as in in vitro studies of
Abou-El Hassan et al. [39].

The pathological changes in lung tissues were assessed by decreased lung me-
tabolism via depletion of argenine, cysteine, glutamine, histidine, leucine, me-
thionine, phenyl alanine, proline and lysine in all the treated groups. The de-
crease amino acids reflect the hypoxic stress affected the lung tissues as detected
by increased fibrosis of maternal lung and hyperplasia and necrotic foci in new-
born rats [40].

Kim et al. [40] reported a decrease of threonine, citrulline, histidine and tryp-
tophan and increase in proline, isoleucine, phenylalanine and ornithine in lung
of Korean cancer patients with advanced pulmonary disease showed inverse cor-
relation with alanine, phenylalanine and tyrosine, however citrulline and tryph-
tophane were markedly changed in relation to energy intake [41].

L-leucine represents important signal molecule for promoting cell growth by
activating the mechanistic/mammalian target of rapamycin [42] that enhanced
phosphorylates translational regulators, p70 ribosomal kinase 1 (p70S6K) and
the initiation factor 4 E binding protein [43].

The observed findings of the chemotherapeutic drugs predicted pulmonary fi-
brosis in mother rats and hyperplastic alveolar with missing of their alveolar lu-
mina in their newborn. Although mother rats showed moderate degree of lung
fibrosis, their neonates showed less degree of lung damage due to the high ca-
pacity of maternal tissues for biodegradation and clearance of the applied drug.

As we know that the lung is rich in blood capillaries and the endothelium is
the first physiological barrier between blood and tissues. This impairs oxygen
and carbon dioxide exchange and elevated hypoxic stress interfered with cardi-
omyocytes function in mother and their neonate.

The present findings agree with authors studies other classes of the anticancer
drugs such as methotrexate, procarbazine and bleomycin [44] and azathioprine
[45] [46].

The hypoxic stress in lung tissues and disorganized pulmonary vascular peds
reproduced myocardial damage [47]. The lung dysfunction may lead to decrease
respiratory mechanics, impaired gas exchange and cardiovascular abnormalities
[48], increased arterial stiffness, the marker of heart failure [49].

Also, the altered biomarkers characteristic of lung and heart function coin-
cides with the marked single and double strand DNA damage in cardiomyocytes
and aorta.

The present findings agree with the work of Ray et al [50] who reported in-
creased average of apoptosis and DNA fragmentation of cardiac and lung tissues

of mice subjected to doxorubicin-treatment.
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The observed abnormal cardiac and dorsal aorta isoenzyme electrophoresis,
biochemical alterations, single and double strand DNA damage may contribute
to decrease its elasticity and contraction minimizing the oxygen and nutrients to
the body organs.

Similar findings of damaged endothelial cells were achieved through in vitro
and in vivo studies post-cytosine arabinoside or daunorubicin [51], paclitaxel
[52] and 5-FU-treatment [53] [54].

Both cardiac and lung diseases may be attributed to the increased oxidative
stress, inflammation and DNA damage in the vascular cells [55] leading to
apoptosis [56].

Finally, the author concluded that under critical emergency of treating mother
with a chemotherapeutic drug, the dose must be justified to minimize the cyto-

toxicity on cardiac and lung tissues of mothers and their neonates.
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