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Abstract

:

Doxorubicin (DOX) has been extensively utilized in cancer treatment. However, DOX administration has adverse effects, such as cardiac injury. This study intends to analyze the expression of TGF, cytochrome c, and apoptosis on the cardiac histology of rats induced with doxorubicin, since the prevalence of cardiotoxicity remains an unpreventable problem due to a lack of understanding of the mechanism underlying the cardiotoxicity result. Vernonia amygdalina ethanol extract (VAEE) was produced by soaking dried Vernonia amygdalina leaves in ethanol. Rats were randomly divided into seven groups: K- (only given doxorubicin 15 mg/kgbw), KN (water saline), P100, P200, P400, P4600, and P800 (DOX 15 mg/kgbw + 100, 200, 400, 600, and 800 mg/kgbw extract); at the end of the study, rats were scarified, and blood was taken directly from the heart; the heart was then removed. TGF, cytochrome c, and apoptosis were stained using immunohistochemistry, whereas SOD, MDA, and GR concentration were evaluated using an ELISA kit. In conclusion, ethanol extract might protect the cardiotoxicity produced by doxorubicin by significantly reducing the expression of TGF, cytochrome c, and apoptosis in P600 and P800 compared to untreated control K- (p < 0.001). These findings suggest that Vernonia amygdalina may protect cardiac rats by reducing the apoptosis, TGF, and cytochrome c expression while not producing the doxorubicinol as doxorubicin metabolite. In the future, Vernonia amygdalina could be used as herbal preventive therapy for patient administered doxorubicin to reduce the incidence of cardiotoxicity.
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1. Introduction


Doxorubicin (DOX) has been extensively utilized in cancer treatment. However, cardiac injury as its adverse effect restricts the usage of DOX. Due to doxorubicin’s unclear mechanism of action, the occurrence of cardiotoxicity remains a concern. Several mechanisms have been identified, including DNA damage, the formation of TopII-DOX-DNA (Topoisomerase II—Doxorubicin—DNA), the production of reactive oxygen species (ROS), and the activation of p38, each of which promotes apoptosis. Cardiotoxicity is defined as acute if it occurs within two to three days of administration and is evidenced by chest discomfort, paroxysmal non-sustained supraventricular tachycardia, and premature atrial and ventricular beats, which elevate the QRS complex [1,2,3,4]. Although the acute cardiotoxicity’s exact mechanism is not fully understood, it could be reversible with the correct therapy. While chronic cardiotoxicity is rare, it often occurs after 30 days of doxorubicin administration and is irreversible. TGF binds to TR-II, activating activin receptor-like kinase4 (ALK4) and receptor-regulated Smad proteins (Smad2/3), which impair the endothelium. The suppression of TGFβ in cardiac cells will reduce left ventricle remodeling, as well as systolic and diastolic dysfunctions [5,6,7].



In this scenario, it is undoubtedly important to inhibit the TGFβ to reduce the cardiac injury caused by doxorubicin. A study reported that the inhibition of TGFβ in human cardiac microvascular endothelial cell (HCMVEC)-treated doxorubicin shows an increased proliferation of the cell. Oxidative stress, which is created by doxorubicin, will cause defects in the mitochondria membrane, which decreased mATP, release the cytochrome c to the cytosol, and trigger the apoptosis. Most importantly, cytochrome c is well correlated with apoptosis. Thus, it is worth investigating the possible inhibition of the release of cytochrome c from the mitochondria. It is generally believed that cardiac injury caused by doxorubicin ensues from the activation of caspase-3 without the activation of caspase-8, which induces apoptosis. This is also correlated with cytochrome c released from impaired mitochondria mediating the caspase-3 activation through the interaction with apaf-1 and caspase 9, which subsequently caused apoptosis [8,9,10].



Vernonia amygdalina (VA) is often found in tropical regions, such as Indonesia and Malaysia, where it has been used medicinally for centuries. VA is also often known as bitter leaves. The plant consists of several secondary metabolites, such as sesquiterpene lactone, vernolide, vernodalol, vernoamygdalin, and vernolepin. Flavonoids include luteolin, luteolin 7-O-beta-glucoronoside, and luteolin 7-O-glucoside. Steroid glycosides include vernonioside A1, vernonioside A2, vernonioside A3, vernonioside, A4, vernonioside B1, vernonioside B2, vernonioside, B3, vernonioside C, vernonioside D, vernonioside 3, vernoniamyoside A, vernoniamyoside B, vernoniaamyoside C, vernoniamyoside D, vernoamyoside A, vernoamyoside B, vernoamyoside C, vernoamyoside D, dan jugga veramyoside A, veramyoside B, veramyoside C, veramyoside D, veramyoside E, veramyoside F, veramyoside G, veramyoside H, veramyoside I, and veramyoside J. VA’s steroid glycoside molecules share structural similarities with cardiac glycosides, which contain a steroid core, a sugar group on carbon number 3, and an unsaturated lactone ring on carbon number [11,12,13,14,15]. In our previous study, we showed that VAEE ethanol extract can reduce cardiac biomarker such as Troponin T, BNP, CK-MB, and LDH in rats induced with doxorubicin [11]. Thus, in the current study, we aimed to determine the rate of apoptosis in the heart and analyze markers such as cytochrome c, TGFβ in rats induced with doxorubicin.




2. Results


2.1. Rutin and Luteolin Content


In this study, the characterization of the extract was carried out by measuring the levels of rutin and luteolin. These two compounds have been reported to have a significant effect on the activity of TGF-β, cytochrome-c by reducing the activity of enzymes catalysing TGF-β production, reducing cell sensitivity to TGF-β, increasing the expression of cytochrome-c and BCL-2, and reducing inflammation, which can increase the production of TGF-β, cytochrome-c [16,17]. The chromatogram of standard rutin can be seen in Figure 1, and the chromatogram of standard luteolin can be seen in Figure 2.



The levels of rutin and luteolin in the VAEE extract were 0.746 ± 0.045 mg/g and 1.550 ± 0.274 %, respectively (Figure 3).




2.2. Doxorubicinol


Doxorubicinol is a significant doxorubicin metabolite. Doxorubicin is quickly converted to doxorubicinol by cytoplasmic NADPH-dependent aldo-keto reductases. Earlier studies have linked doxorubicinol to the cardiotoxicity of doxorubicin-treated individuals. Due to doxorubicinol’s capacity to produce free radicals and damage the ion pump in the sarcoplasmic reticulum of cardiac cells, doxorubicinol might have caused these toxicity effects [18,19]. Long-term doxorubicin administration may result in doxorubicinol buildup, hence increasing the risk of cardiotoxicity. Doxorubicinol is much more cardiotoxic than doxorubicin. In this research, it was found that a single dose of 15 mg/kgbw did not create the second metabolite that was detected by LC-MS/MS in all groups. However, the group-given extract, especially in the groups P600 and P800, has the potential of protecting the inhibition of the conversion of doxorubicin into doxorubicinol.




2.3. SOD, GR, and MDA Concentration


As shown in Figure 4, administration of doxorubicin significantly reduced the expression of antioxidant enzymes SOD (Figure 4A) and glutathione reductase (Figure 4B), and increases that of oxidative marker Malondialdehyde (MDA, Figure 4C). Treating rats with VA ethanol extract significantly (p < 0.001) restored the level of both SOD (Figure 4A) and GR (Figure 4B), particularly at higher doses of VAEE (400, 600, and 800 mg/kgbw). Similarly, VAEE also restored the level of MDA to basal level (Figure 4C).




2.4. Expression of TGFβ on the Cardiac Tissue


As shown in Figure 5 and Table 1, the administration of doxorubicin significantly increased the expression of TGFβ. The administration of VA ethanol extract significantly and dose-dependently reduces the expression of TGFβ (p < 0.001).



In Figure 5, it is shown that in group K-, the cardiomyocytes become smaller and irregular, and the yellow color indicates the expression of TGFβ, which increases in group K+ compared to the groups given Vernonia amygdalina ethanol extract, which are groups P100, P200, P400, P600, P800, and P800. In summary, the most effective doses were P600 and P800 (600 mg/kgbw and 800 mg/kgbw), which can suppress the expression of TGFβ; the cardiomyocytes become normal and regular in size around 15 μm. The expression of TGFβ can be seen in Figure 5 below.




2.5. Apoptosis on the Cardiac Tissue


Doxorubicin causes uncontrolled cellular damage, which leads to apoptosis in the cardiac tissue. Most likely, doxorubicin produces an overload of oxidative stress and triggers the apoptosis pathway by activating P53 protein. It is important to underline that natural products may handle the apoptosis by neutralizing oxidative stress, which suppresses mitochondrial damage and reduces the release of cytochrome c from mitochondria [20]. In this research, we found that Vernonia amygdalina is potentially cardioprotective, which can be seen by the fact that groups P600 and P800 have a significantly reduced apoptosis incidence in the cardiac tissue (p < 0.001) compared to the normal group (KN). Meanwhile, there was an increased apoptosis incidence (p > 0.05) in the group only given doxorubicin 15 mg/kgbw. The data can be seen in Table 2 and Figure 6 below:



Statistically, only K- that was given doxorubicin was significantly different from the group given extracts P200 (200 mg/kgbw) and P400 (400 mg/kgbw). However, the most effective doses were in groups P600 (600 mg/kgbw) and P800 (800 mg/kgbw) compared to the group only given doxorubicin 15 mg/kgbw (K-); groups P600 and P800 were not found to be statistically different (p > 0.05). Data suggest that DOX causes inflammation in cardiac muscles and vasculature via nuclear factor kappa-B (NF-B), a key regulator of inflammatory and immunological processes. DOX is converted to semiquinone, which produces reactive oxygen species (ROS), such as superoxide and hydrogen peroxide, and depletes glutathione peroxidase (GPx) and catalase (CAT), hence diminishing the myocardium’s capacity to remove ROS [21]. In addition, DOX chelates iron and the resultant complex catalyzes the conversion of peroxide radicals to reactive hydroxyl radicals, resulting in oxidative and mitochondrial damage to the myocardium [22]. Through the intrinsic apoptotic mechanism, apoptosis may contribute to DOX-induced cardiotoxicity [23]. In addition, this drug has a significant function in chemotherapy, although its usage is limited by cardiotoxicity, as previously indicated. To counteract cardiotoxicity, the utilization of natural antioxidants have been a chemoprotective strategy.




2.6. Expression of Cytochrome c on the Cardiac Tissue


The expression of cytochrome c, as one of the parameters that can analyze the damage of mitochondria, can happened while the increasing the oxidate stress that damaged the mitochondria, resulting in the release of cytochrome c and triggering the caspase-induced apoptosis [24]. In this research, we found that Vernonia amygdalina extract could reduce the expression of cytochrome c in cardiac tissue; the expression can be seen in Table 3 and Figure 7.



It has long been believed that oxidative stress is a pathogenic factor in DOX-induced cardiotoxicity. DOX can be reduced by mitochondrial complex I or cytochrome P450 reductase to form the semiquinone radical, which can then combine with molecular oxygen to be re-oxidized back into the original DOX molecule. This process produces many ROS species, including the superoxide anion radical O2– and hydrogen peroxide (H2O2). By means of the Fenton and Harber–Weiss reactions, O2 and H2O2 may be transformed into extremely reactive and poisonous hydroxyl radicals (•OH). Alternately, O2 can mix with nitric oxide to generate peroxynitrite (ONOO–), a very strong and cytotoxic compound that can harm the heart through nitrosative stress [25,26]. High levels of ROS can lead to the oxidation of proteins, lipids, and signaling molecules, resulting in severe cellular damage. While moderate levels of ROS are essential for regulating cell proliferation and survival, high levels of ROS can lead to the oxidation of proteins, lipids, and signaling molecules, resulting in severe cellular damage.





3. Discussion


Vernonia amygdalina has traditionally been widely used as herbal therapy in Indonesia, especially in Sumatera Utara. In this study, we found that VA ethanol extract contains luteolin and rutin (0.075 ± 0.004% and 0.155 ± 0.027%), respectively. We hypothesized that luteolin and rutin play a vital role in preventing the cardiotoxicity caused by doxorubicin. Luteolin is widely found in vegetables, plants, fruits, and herbs. It is poorly absorbed by intestinal mucosa by the concentration maximum 1.02 ± 0.20 mg/day. Luteolin affects the heart and vascular system, and it is also a protective mechanism via complex signal transduction. Previous data indicated that pretreating luteolin improves H9c2 cell viability, while depressing the cell apoptosis in the H9c2 cells that only give LPS shows apoptosis. Interestingly, luteolin in combination with curcumin can suppress the production of proinflammatory cytokines, such as Nlrp3, MCP-1, TNF-α, IL-1β, IL-18, and IL-6. The subsequent inhibition of cytochrome c by luteolin will prevent the apoptosis in the endothelial cell [27]. In this study, it was found that the group given extract showed a positive correlation with the previous study that showed that Vernonia amygdalina, which contains luteolin dan rutin, could inhibit the apoptosis. TGFβ causes the pathogenesis of many cardiovascular disease, such as heart failure, hypertension, atherosclerosis, and cardiac hypertrophy. TGFβ is a potent stimulator collagen, producing cardiac fibrosis. Luteolin in VA plays a vital role in inhibiting the transformation of growth factor-β receptor 1 (TGFBR1) on vascular smooth muscle cells, which prevent cardiac fibrosis. A previous study has reported that rutin prevented doxorubicin-induced ROS production and cell death in cultured H9c2 cells [28]. This was achieved by the suppression of the TGF-β1-p38 MAPK signaling pathway. The current study has also shown that rutin and luteolin mitigates the conversion from doxorubicin to doxorubicinol by carbonyl reductase 3 (CRB-3) from the molecular docking model. The experimental studies showed that no doxorubicinol was found in the plasma of rats. We expected that a dose of 15 mg/kgbw of doxorubicin would be insufficient to convert into doxorubicinol or carbonyl reductase 3, already inhibited by the polyphenol component in Vernonia amygdalina. Apoptosis has been identified as a vital process for maintaining balanced cell development [29]. However, it has been extensively observed that aberrant cell signaling is associated with a disturbed apoptotic balance, leading to cancer growth and invasiveness. TRAIL (TNF-related apoptosis inducing ligand) and FasL (Fas ligand) interaction with transmembrane receptors has been connected to the activation of the death receptor pathway (DDR). This interaction eventually culminates in caspase activation, which then supports the activation of the apoptosis pathway (intrinsic or extrinsic) [30]. Apoptosome development (related with caspase-9, cytochrome-C, and apoptotic protease-activating factor) also activates caspase-3, resulting in cell death. The other mechanism of doxorubicin-induced apoptosis in the cardiac cell is ferroapptosis. Iron is essential for several biological activities, including energy metabolism and cellular respiration [31]. Nonetheless, excessive iron or iron overload can be harmful. Hemochromatosis, which is characterized by an excessive buildup of iron, can result in heart failure. Animal models of iron excess, such as mice lacking the HFE protein, are more sensitive to cardiac damage after DOX therapy, indicating a connection between iron metabolism and DOX-induced cardiomyopathy. Transferrin-bound iron is present in the plasma in a soluble state. Transferrin-bound iron binds with the transferrin receptor to produce a transferrin-dimeric transferrin receptor (TfR) complex, allowing iron to enter the cell via endocytosis [32]. Through divalent metal transporter 1, ferrous ion (Fe2+) may also be transferred into the cytosol (DMT1). Once within the cell, iron becomes a component of the labile iron pool, which may be integrated into essential cellular enzymes, such as heme and iron–sulfur clusters, or sequestered by the iron storage protein ferritin. mRNA-binding molecules, as well as iron-regulatory proteins 1 and 2 regulate iron homeostasis (IRP1 and IRP2). IRPs can bind to the iron-response elements (IREs) of iron-metabolism-relevant genes to either increase or inhibit translation. IRP can bind to the 5’-untranslated region of ferritin’s IRE, hence inhibiting mRNA translation and decreasing iron storage. IRP-1 and IRP-2 are crucial regulators of the labile iron pool. DOX can enhance the labile iron pool via altering IRP-1 and IRP-2 activity. DOX inhibits IRP-1 and/or IRP-2 in cardiomyocytes, according to studies. The alcohol metabolite of DOX and the DOX–Fe complex can interfere with the regulatory function of IRP-1 and the transferrin-mediated iron absorption and ferritin-mediated iron storage. This research has confirmed that Vernonia amygdalina has polyphenols that directly counter the iron in the cardiac cell [5,33,34,35]. Vernonia amygdalina contains many polyphenols that have pharmacological activities, including luteolin and (-)-Epigallocatechin-3-gallate (EGCG), which have been predicted to play an essential role in inhibiting the expression of TGFβ in cardiac muscle tissue in rats induced with doxorubicin. ECGC and luteolin inhibit the downregulation of the TGFβ-induced signaling activation of ERK and AKT. Moreover, ECGC and luteolin also inhibit the Rho activation, which reverses the TGFβ-induced fibronectin expression [36]. In some patients, it was found that doxorubicin also causes cardiac fibrosis, which leads to left ventricular dysfunction and heart failure. Cardiac fibrosis mechanistically involves the TGFβ signaling pathway. Importantly, TGF- promotes the phenotypic conversion of CFs to myofibroblasts, as well as the activation of ECM component genes that code for fibrillar collagen [37]. To prevent the deleterious effect of TGF-1 on cardiac remodeling, the ALK inhibitor SM16 is used to decrease the TGF-induced production of collagen I2 and lysyl oxidase in vitro, where it reduces heart fibrosis in a pressure overload model. In addition, neutralizing anti-TGF- antibodies reduces the production of collagen mRNA and inhibits fibroblast activation in rat models of pressure overload. TGF- also stimulates a non-canonical signaling pathway that is involved in multiple downstream MAPKs, including c-Jun N-terminal kinase (JNK), P38, and TGF-activated kinase 1 (TAK1) [38,39]. Each MAPK phosphorylates multiple transcription factors that regulate the production of -SMA, ECM proteins, and other cardiac fibrosis-related target genes. Collectively, the findings suggest that inhibiting the downstream TGF- signaling pathway may be a potential anti-fibrotic treatment strategy. SOD is an antioxidant enzyme involved in defense mechanisms against reactive oxygen species (ROS). There are three known SODs: mitochondrial manganese SOD (Mn-SOD), internal copper, zinc SOD (Cu,Zn-SOD), which is found in the cytoplasm and nucleus, and extracellular Cu,Zn-SOD. These SODs catalyze the dismutation of two superoxide anions (O2–) into hydrogen peroxide, which is then catalyzed by glutathione peroxidase and catalase into harmless O2 and H2O. Excessive ROSs induce unfavorable outcomes, such as DNA damage, lipid membrane peroxidation, and protein oxidation. These studies support our original observation that doxorubicin is significantly toxic to cardiac tissue (which reduces cardiac GR activity). Vernonia amygdalina caused the overexpression of GR in the heart, which significantly reduces doxorubicin-induced mitochondrial dysfunction and drug-induced changes in myocardial contractility. In both instances, doxorubicin-induced ROS production may initiate an apoptotic cascade in heart cells; the production of H2O2 by doxorubicin (a process modulated by the cytosolic and mitochondrial GR) is essential for the initiation of cardiac apoptosis. A doxorubicin-induced peroxide flux in mammalian cells precedes the loss of mitochondrial membrane permeability, which is the initiating event in the anthracycline-related activation of the apoptotic cascade. Although the activation of poly-ADP-ribose polymerase due to DNA damage induced by anthracyclines may contribute to drug-induced apoptosis, it has been suggested that this is a secondary event in the temporal scheme of drug-induced apoptotic signaling [40,41,42].




4. Materials and Methods


4.1. Materials


Vernonia amygdalina Delile were collected from the Faculty of Pharmacy, Univesitas Sumatera Utara, Indonesia (coordinates 3033′36.5″ N 98039′12.5″ E). Doxorubicin (Merck, Rahway, NJ, USA), Ethanol (BrataChem, Yogyakarta, Indonesia), EthylAcetate (BrataChem), n-hexane (BrataChem), Methanol (BrataChem), sodium carboxymethyl cellulose/CMC-Na (Sigma, St. Louis, MI, USA), aluminium foil (BrataChem), sodium acetate (BrataChem), distilled water (BrataChem), Luteolin (HWI Pharma CAS 491-70-3), Rutin (HWI Pharma CAS 491-70-3), SOD elisa kit (Abclonal, Wuhan, China), MDA elisa kit (Abclonal, Wuhan, China), GR elisa kit (Abclonal, Wuhan, China), TGF IHC, apoptosis tunel assay, and cytochrome c IHC.




4.2. Animals


Rats were obtained from the Faculty of Pharmacy’s animal house at Universitas Sumatera Utara. This study utilized 30 rats weighing an average of 180–200 g, which were fed and watered ad libitum over a 12 h dark/light cycle. This research has been approved by the Ethics Commission of Universitas Sumatera Utara (registration number 0521/KEPH-FMIPA/2019).




4.3. Extract Preparation


The total gram of dry VA is 700 g in powder that was macerated with 10 L n-hexane. Firstly, the powder was dried and dissolved with Ethyl acetate for three days, then stirred occasionally at a room temperature. Lastly, the powder was dried and dissolved with ethanol for three days, stirred occasionally at a room temperature. Each filtrate was collected and evaporated under pressure.




4.4. Determination of Luteolin and Rutin


Approximately 50 mg of the sample was weighed carefully, dissolved in 5.0 mL of ethanol solution, and then filtered using a 0.45 µm membrane (20 µL sample inject volume). The comparator was weighed carefully and slowly dissolved in methanol until the levels of 10 ppm Luteolin and 20 ppm Rutin (20 µL inject volume) were reached. H2O-Acetonitrile (each acidified with 0.1% TFA) using a 5 µm C-18 column, dimensions 4.6 × 150 mm, and a wavelength of 340 nm. The gradient profile of solvent was set as follows: 0 min 18% B, 7 min 25% B, 14 min 30% B, 22 min 48%, 30 min 80%, 35 min18%B, 20 min 30% B, 25 min 30% B, and 30 min 50% B. The analysis was concluded in 37 min. The modified approach was from Revista Brasileira de Farmacognosia 29 (2019); there were 17–23 simultaneous measurement of six flavonoids in four Scutellaria taxa by HPLC-DAD.




4.5. Experimental Design


Rats were split into six random groups of five. Group 1 received CMC-Na orally for eight days (KN), Group 2 received a single dose of doxorubicin (15 mg/kg BW) on day eight (K-), Group 3 received quercetin (85 mg/kg BW) for eight days and intraperitoneal injection with single-dose doxorubicin (15 mg/kgbw) on day eight (K+), and Groups 4–6 received Vernonia amygdalina ethanol extract/VAEE (100, 200, 400, 600, and 800 mg/kgbw/P1, P2, P3, P4, and P5) for eight days and intraperitoneal on day nine; rats were treated with ketamine HCL (75 mg/kg BW IP), and 3 mL of cardiac blood was taken directly. Blood was centrifuged at a rate of 1000 rpm (4 °C) for ten minutes. The heart was taken and rinsed for the immunohistochemistry process.




4.6. ELISA Analysis


The plasma concentrations of SOD, GR, and MDA were measured using enzyme-linked immunosorbent assay (ELISA) kits in accordance with the manufacturer’s instructions. At 450 nm, the absorbance of each group was determined using a microplate reader. ELISA kits for SOD, GR, and MDA were acquired Abcloncal (Nanjing, China).




4.7. Doxorubicinol Analysis


4.7.1. Preparation of Solutions and Standards


Doxorubicinol stock solutions were prepared in methanol to obtain a concentration of 1000 ng/mL. The stock solutions were serially diluted to obtain working solutions of 10 ng/mL of doxorubicinol. All solutions were stored at 4 °C and brought to room temperature before use.




4.7.2. Blood Preparations


About 2–3 mL of blood was collected into anticoagulant EDTA tubes, 20–90 min post doxorubicin administration. The tube was centrifuged at 3000 rpm for 20 min to obtain blood plasma. The supernatant was transferred into a sample cup and stored at −80 °C until analysis.




4.7.3. Sample Preparations


Sample preparation was conducted by protein precipitation using methanol. A 50 μL of IS solution (100 ng/mL) was added to 250 μL aliquot of plasma sample and vortex-mixed for 10 s. Methanol (250 μL) was added to the mixture, vortex-mixed for 30 s, and centrifuged at 14.000 rpm for 10 min. From the final mixture, 200 μL of the supernatant was transferred into a sample cup and evaporated to dryness, using nitrogen at 55 °C for 20 min. The residue was reconstituted in 100 μL of the mobile phase, 0.1% acetic acid-acetonitrile (10:90), vortex-mixed for 10 s, then sonicated for 2 min. The final mixture was transferred into a vial and 10 μL was injected into the LC-MS/MS system for analysis.





4.8. TUNEL Assay


The heart tissue on the slide was submerged for 5 min in fresh xylene. The section immersed in paraffin was stained using TUNEL procedures and a detection kit (Promega, Cat. no. G7130; Madison, WI, USA). The slides were rehydrated with multilevel ethanol for three minutes, and then washed with 0.85% NaCl and PBS for five minutes. After rehydration, proteinase K (20 g/mL) was incubated at room temperature for 15 min. The final labeling reaction was conducted by applying the rTdT reaction mixture to the slides in a humid (37 °C for 1 h) environment. The rTdT enzyme reaction was terminated by submerging the slide in a buffer at room temperature (15 min). The slides were cleaned with PBS for 5 min. A total of 0.3% hydrogen peroxide was added to PBS to inhibit endogenous peroxidase activity (30 min). The tissue was treated with a streptavidin-HRP solution and incubated at room temperature (30 min). DAB was applied as a chromogenic substrate to the plate. All slides were dehydrated with graded ethanol (3 min) and washed three times in 100% xylene for 5 min.




4.9. Imunohistochemistry of TGFβ and Cytochrome c


The heart tissue was added to the formalin, and samples were sliced to 4 m thick slices to create the paraffin block. Immunohistochemical staining was performed using slides. TGFβ detection utilized TGFβ mouse monoclonal antibodies (NOK-1):sc-19681 (dilution 1:50 in PBS, Santa Cruz Biotechnology, Santa Cruz, CA, USA), Bcl-2 detection utilized Bcl-2 rat monoclonal antibodies (NOK-1):sc-19681 (dilution 1:50 in PBS, Santa Cruz Biotechnology, Santa Cruz, CA, USA), collagen IV detection utilized collagen IV mouse monoclonal antibodies (NOK-1):sc-19681 (dilution 1:50 in PBS, Santa Cruz Biotechnology, Santa Cruz, CA, USA), and cytochrome c detection utilized a monoclonal mouse anti-cytochrome C antibody (ready-to-use) 7H8.2C12 (Medaysis Enable Innovation Company), formulation in PBS pH 7.4, containing BSA and 0.09% (NaN3). Rehydrated heart tissue was treated for 5 min in 3% hydrogen peroxide and distilled water. The tissue was heated for 10 min in citrate buffer at pH 6.0 and 350 W as pretreatment. After washing with PBS, the tissue was incubated at 37 °C for 15 min and 120 min with TGFβ, cytochrome c, Bcl-2, and collagen IV antibodies, respectively, before avidin–biotin peroxidase was applied. Mayer utilized 3,3-Diaminobenzidine (DAB) hydrochloride for the chromogenic visualization reaction, followed by haematoxylin staining (30 s). The slides were put into an ethanol series and then passed through xylene before being coated with Canadian balm and a glass cover (Merck, Darmstadt, Germany). A score of 0 indicated that less than 10% of the cells were stained, a score of 1 indicated that 10–25% of the cells were stained, a score of 2 indicated that 25–50% of the cells were stained, a score of 3 indicated that 50–75% of the cells were stained, and a score of 4 indicated that more than 75% of the cells were stained. There are three staining intensity grades: weak, moderate, and strong.




4.10. Statistical Analysis


Analysis of the expression of apoptosis, TGFβ, cytochrome c on histology and SOD, MDA, and GR level was conducted using the Kruskal–Wallis and Mann–Whitney tests (non-parametric data) using the SPSS 21 program.





5. Conclusions


In conlusion Vernonia amygdalina may protect cardiac rats by reducing the apoptosis, TGF, and cytochrome c expression while not producing the doxorubicinol as doxorubicin metabolite. In the future, Vernonia amygdalina could be used as herbal preventive therapy for patient administered doxoru-bicin to reduce the incidence of cardiotoxicity.







Author Contributions


Conceptualization, U.H. and R.A.S.; methodology, Y.H. and A.P.G.; validation, A.A.; data curation, S.Z. and A.D.; review and drafting manuscript. A.D.; funding acquisition. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by TALENTA USU 2022 which schema Riset Kolaborasi Indonesia between Universitas Sumatera Utara, Universitas Indonesia, and Universitas Gadjah Mada.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data will be made available on request.




Acknowledgments


The authors thanks to Riset Kolaborasi Indonesia 2022.




Conflicts of Interest


The authors declare no conflict of interest.




Sample Availability


Samples of the compounds rutin and luteolin are available from the authors.




References


	



Mei, S.; Hong, L.; Cai, X.; Xiao, B.; Zhang, P.; Shao, L. Oxidative stress injury in doxorubicin-induced cardiotoxicity. Toxicol. Lett. 2019, 307, 41–48. [Google Scholar] [CrossRef]

	



Christidi, E.; Brunham, L.R. Regulated cell death pathways in doxorubicin-induced cardiotoxicity. Cell Death Dis. 2021, 12, 339. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, S.; Liu, X.; Bawa-Khalfe, T.; Lu, L.-S.; Lyu, Y.L.; Liu, L.F.; Yeh, E.T.H. Identification of the molecular basis of doxorubicin-induced cardiotoxicity. Nat. Med. 2012, 18, 1639–1642. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, Y.-W.; Shi, J.; Li, Y.-J.; Wei, L. Cardiomyocyte death in doxorubicin-induced cardiotoxicity. Arch. Immunol. Ther. Exp. 2009, 57, 435–445. [Google Scholar] [CrossRef]

	



Tokarska-Schlattner, M.; Zaugg, M.; Zuppinger, C.; Wallimann, T.; Schlattner, U. New insights into doxorubicin-induced cardiotoxicity: The critical role of cellular energetics. J. Mol. Cell. Cardiol. 2006, 41, 389–405. [Google Scholar] [CrossRef]

	



Khan, M.; Shobha, J.C.; Mohan, I.K.; Naidu, M.U.R.; Sundaram, C.; Singh, S.; Kuppusamy, P.; Kutala, V.K. Protective effect of Spirulina against doxorubicin-induced cardiotoxicity. Phytother. Res. 2005, 19, 1030–1037. [Google Scholar] [CrossRef]

	



Dirks-Naylor, A.J. The role of autophagy in doxorubicin-induced cardiotoxicity. Life Sci. 2013, 93, 913–916. [Google Scholar] [CrossRef]

	



dos Santos, D.S.; dos Santos Goldenberg, R.C. Doxorubicin-induced cardiotoxicity: From mechanisms to development of efficient therapy. In Cardiotoxicity; IntechOpen: London, UK, 2018; pp. 3–24. [Google Scholar]

	



Syahputra, R.A.; Harahap, U.; Dalimunthe, A.; Nasution, M.P.; Satria, D. The Role of Flavonoids as a Cardioprotective Strategy against Doxorubicin-Induced Cardiotoxicity: A Review. Molecules 2022, 27, 1320. [Google Scholar] [CrossRef]

	



Hayek, E.R.; Speakman, E.; Rehmus, E. Acute Doxorubicin Cardiotoxicity. N. Engl. J. Med. 2005, 352, 2456–2457. [Google Scholar] [CrossRef]

	



Syahputra, R.A.; Harahap, U.; Dalimunthe, A.; Pandapotan, M.; Satria, D. Protective effect of Vernonia amygdalina Delile against doxorubicin-induced cardiotoxicity. Heliyon 2021, 7, e07434. [Google Scholar] [CrossRef]

	



Syahputra, R.; Harahap, U.; Dalimunthe, A.; Nasution, P.; Haro, G.; Widodo, D.H.; Satria, D. In-silico toxicity prediction of bioactive compounds of Vernonia amygdalina delile. And digoxin. Rasayan J. Chem. 2020, 13, 1220–1224. [Google Scholar] [CrossRef]

	



Lubis, M.F.; Hasibuan, P.A.Z.; Syahputra, H.; Astyka, R.; Baruna, I. Phytochemical Profile and Pharmacological Activity of Vernonia amygdalina Delile Stem Bark Extracts Using Different Solvent Extraction. Open Access Maced. J. Med. Sci. 2022, 10, 860–866. [Google Scholar] [CrossRef]

	



Hasibuan, P.; Harahap, U.; Sitorus, P.; Lubis, M.F.; Satria, D. In-silico analysis of vernonioside d and vernonioside e from Vernonia amygdalina delile. Leaves as inhibitor of epidermal growth factor receptor (egfr) and mammalian target of rapamycin (mTOR). Rasayan J. Chem. 2021, 14, 1539–1543. [Google Scholar] [CrossRef]

	



Igile, G.O.; Oleszek, W.; Jurzysta, M.; Burda, S.; Fafunso, M.; Fasanmade, A.A. Flavonoids from Vernonia amygdalina and their antioxidant activities. J. Agric. Food Chem. 1994, 42, 2445–2448. [Google Scholar] [CrossRef]

	



Koval’skii, I.V.; Krasnyuk, I.I.; Nikulina, O.I.; Belyatskaya, A.V.; Kharitonov, Y.Y.; Feldman, N.B.; Lutsenko, S.V. Mechanisms of Rutin Pharmacological Action (Review). Pharm. Chem. J. 2014, 48, 73–76. [Google Scholar] [CrossRef]

	



Taheri, Y.; Sharifi-Rad, J.; Antika, G.; Yılmaz, Y.B.; Tumer, T.B.; Abuhamdah, S.; Chandra, S.; Saklani, S.; Kılıç, C.S.; Sestito, S.; et al. Paving Luteolin Therapeutic Potentialities and Agro-Food-Pharma Applications: Emphasis on In Vivo Pharmacological Effects and Bioavailability Traits. Oxidative Med. Cell. Longev. 2021, 2021, 1987588. [Google Scholar] [CrossRef] [PubMed]

	



Olson, R.D.; Mushlin, P.S.; Brenner, D.E.; Fleischer, S.; Cusack, B.J.; Chang, B.K.; Boucek, R.J., Jr. Doxorubicin cardiotoxicity may be caused by its metabolite, doxorubicinol. Proc. Natl. Acad. Sci. USA 1988, 85, 3585–3589. [Google Scholar] [CrossRef]

	



Harahap, Y.; Ardiningsih, P.; Corintias Winarti, A.; Purwanto, D.J. Analysis of the Doxorubicin and Doxorubicinol in the Plasma of Breast Cancer Patients for Monitoring the Toxicity of Doxorubicin. Drug Des. Dev. Ther. 2020, 14, 3469–3475. [Google Scholar] [CrossRef] [PubMed]

	



Kalyanaraman, B.; Joseph, J.; Kalivendi, S.; Wang, S.; Konorev, E.; Kotamraju, S. Doxorubicin-induced apoptosis: Implications in cardiotoxicity. Mol. Cell. Biochem. 2002, 234, 119–124. [Google Scholar] [CrossRef]

	



Ma, Y.; Yang, L.; Ma, J.; Lu, L.; Wang, X.; Ren, J.; Yang, J. Rutin attenuates doxorubicin-induced cardiotoxicity via regulating autophagy and apoptosis. Biochim. Biophys. Acta BBA Mol. Basis Dis. 2017, 1863, 1904–1911. [Google Scholar] [CrossRef]

	



Zare, M.F.R.; Rakhshan, K.; Aboutaleb, N.; Nikbakht, F.; Naderi, N.; Bakhshesh, M.; Azizi, Y. Apigenin attenuates doxorubicin induced cardiotoxicity via reducing oxidative stress and apoptosis in male rats. Life Sci. 2019, 232, 116623. [Google Scholar] [CrossRef] [PubMed]

	



Yoshida, M.; Shiojima, I.; Ikeda, H.; Komuro, I. Chronic doxorubicin cardiotoxicity is mediated by oxidative DNA damage-ATM-p53-apoptosis pathway and attenuated by pitavastatin through the inhibition of Rac1 activity. J. Mol. Cell. Cardiol. 2009, 47, 698–705. [Google Scholar] [CrossRef] [PubMed]

	



Merten, K.E.; Feng, W.; Zhang, L.; Pierce, W.; Cai, J.; Klein, J.B.; Kang, Y.J. Modulation of Cytochrome c Oxidase-Va Is Possibly Involved in Metallothionein Protection from Doxorubicin Cardiotoxicity. Experiment 2005, 315, 1314–1319. [Google Scholar] [CrossRef]

	



Clementi, M.E.; Giardina, B.; Di Stasio, E.; Mordente, A.; Misiti, F. Doxorubicin-derived metabolites induce release of cytochrome c and inhibition of respiration on cardiac isolated mitochondria. Anticancer Res. 2003, 23, 2445–2450. [Google Scholar] [PubMed]

	



Childs, A.C.; Phaneuf, S.L.; Dirks, A.J.; Phillips, T.; Leeuwenburgh, C. Doxorubicin treatment in vivo causes cytochrome c release and cardiomyocyte apoptosis, as well as increased mitochondrial efficiency, superoxide dismutase activity, and Bcl-2:Bax ratio. Cancer Res. 2002, 62, 4592–4598. [Google Scholar] [PubMed]

	



Chandran, K.; Aggarwal, D.; Migrino, R.Q.; Joseph, J.; McAllister, D.; Konorev, E.A.; Antholine, W.E.; Zielonka, J.; Srinivasan, S.; Avadhani, N.G.; et al. Doxorubicin Inactivates Myocardial Cytochrome c Oxidase in Rats: Cardioprotection by Mito-Q. Biophys. J. 2009, 96, 1388–1398. [Google Scholar] [CrossRef]

	



An, J.; Li, P.; Li, J.; Dietz, R.; Donath, S. ARC is a critical cardiomyocyte survival switch in doxorubicin cardiotoxicity. J. Mol. Med. 2009, 87, 401–410. [Google Scholar] [CrossRef]

	



Wei, Y.; Zhao, J.; Xiong, J.; Chai, J.; Yang, X.; Wang, J.; Chen, J.; Wang, J. Wogonin reduces cardiomyocyte apoptosis from mitochondrial release of cytochrome c to improve doxorubicin-induced cardiotoxicity. Exp. Ther. Med. 2022, 23, 1–8. [Google Scholar] [CrossRef]

	



Hasinoff, B.B.; Davey, J.P. The iron(III)-adriamycin complex inhibits cytochrome c oxidase before its inactivation. Biochem. J. 1988, 250, 827–834. [Google Scholar] [CrossRef]

	



Pecoraro, M.; Sorrentino, R.; Franceschelli, S.; Del Pizzo, M.; Pinto, A.; Popolo, A. Doxorubicin-Mediated Cardiotoxicity: Role of Mitochondrial Connexin 43. Cardiovasc. Toxicol. 2015, 15, 366–376. [Google Scholar] [CrossRef]

	



Gustafson, D.L.; Swanson, J.D.; Pritsos, C.A. Role of Xanthine Oxidase in the Potentiation of Doxorubicin-Induced Cardiotoxicity by Mitomycin C. Cancer Commun. 1991, 3, 299–304. [Google Scholar] [CrossRef]

	



Mobaraki, M.; Faraji, A.; Zare, M.; Dolati, P.; Ataei, M.; Dehghan Manshadi, H.R. Molecular Mechanisms of Cardiotoxicity: A Review on Major Side-effect of Doxorubicin. Indian J. Pharm. Sci. 2017, 79, 335–344. [Google Scholar] [CrossRef]

	



Green, P.S.; Leeuwenburgh, C. Mitochondrial dysfunction is an early indicator of doxorubicin-induced apoptosis. Biochim. Biophys. Acta (BBA) Mol. Basis Dis. 2002, 1588, 94–101. [Google Scholar] [CrossRef]

	



Mantawy, E.M.; El-Bakly, W.M.; Esmat, A.; Badr, A.M.; El-Demerdash, E. Chrysin alleviates acute doxorubicin cardiotoxicity in rats via suppression of oxidative stress, inflammation and apoptosis. Eur. J. Pharmacol. 2014, 728, 107–118. [Google Scholar] [CrossRef]

	



Lim, H.; Zhu, Y.Z. Role of transforming growth factor-β in the progression of heart failure. Cell. Mol. Life Sci. 2006, 63, 2584–2596. [Google Scholar] [CrossRef]

	



Segura, A.M.; Frazier, O.H.; Buja, L.M. Fibrosis and heart failure. Heart Fail. Rev. 2014, 19, 173–185. [Google Scholar] [CrossRef] [PubMed]

	



Okada, H.; Takemura, G.; Kosai, K.-I.; Li, Y.; Takahashi, T.; Esaki, M.; Yuge, K.; Miyata, S.; Maruyama, R.; Mikami, A.; et al. Postinfarction Gene Therapy against Transforming Growth Factor-β Signal Modulates Infarct Tissue Dynamics and Attenuates Left Ventricular Remodeling and Heart Failure. Circulation 2005, 111, 2430–2437. [Google Scholar] [CrossRef] [PubMed]

	



Sun, Z.; Schriewer, J.; Tang, M.; Marlin, J.; Taylor, F.; Shohet, R.V.; Konorev, E.A. The TGF-β pathway mediates doxorubicin effects on cardiac endothelial cells. J. Mol. Cell. Cardiol. 2016, 90, 129–138. [Google Scholar] [CrossRef]

	



Cole, M.; Chaiswing, L.; Oberley, T.; Edelmann, S.; Piascik, M.; Lin, S.; Kiningham, K.; Stclair, D. The protective roles of nitric oxide and superoxide dismutase in adriamycin-induced cardiotoxicity. Cardiovasc. Res. 2006, 69, 186–197. [Google Scholar] [CrossRef]

	



Iqbal, M.; Dubey, K.; Anwer, T.; Ashish, A.; Pillai, K.K. Protective effects of telmisartan against acute doxorubicin-induced cardiotoxicity in rats. Pharmacol. Rep. 2008, 60, 382–390. [Google Scholar]

	



Olson, R.D.; Boerth, R.C.; Gerber, J.G.; Nies, A.S. Mechanism of adriamycin cardiotoxicity: Evidence for oxidative stress. Life Sci. 1981, 29, 1393–1401. [Google Scholar] [CrossRef] [PubMed]








[image: Molecules 28 04305 g001 550] 





Figure 1. Chromatogram of standard rutin 10 ppm mobile phase containing H2O-acetonitrile in 0.1% of TFA. Separation column: monolithic column C18 (4.6 × 150 mm I.D.); injection loop: 20 μL; flow rate: 1.5 mL/min; temperature 30 °C; detection by absorbance at 340 nm; black arrow shows the peak of rutin (11.5 min). 






Figure 1. Chromatogram of standard rutin 10 ppm mobile phase containing H2O-acetonitrile in 0.1% of TFA. Separation column: monolithic column C18 (4.6 × 150 mm I.D.); injection loop: 20 μL; flow rate: 1.5 mL/min; temperature 30 °C; detection by absorbance at 340 nm; black arrow shows the peak of rutin (11.5 min).
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Figure 2. Chromatogram of standard luteolin 20 ppm mobile phase containing H2O-acetonitrile in 0.1% of TFA. Separation column: monolithic column C18 (4.6 × 150 mm I.D.); injection loop: 20 μL; flow rate: 1.5 mL/min; temperature 30 °C; detection by absorbance at 340 nm. Black arrow shows the peak of luteolin (22.1 min). 
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Figure 3. Chromatogram of 50 mg VAEE diluted in 5 mL of ethanol. Separation column: monolithic column C18 (4.6 × 150 mm I.D.); injection loop: 20 μL; flow rate: 1.5 mL/min; temperature 30 °C; detection by absorbance at 340 nm. 
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Figure 4. The effect of VAEE on serum level of SOD (A), GR (B), and MDA (C). (KN: normal rats, Doxo: doxorubicin 15 mg/kgbw, P100: 100 mg/kgbw + doxorubicin, P200: 200 mg/kgbw + doxorubicin, P400: 400 mg/kgbw + doxorubicin, P600: 600 mg/kgbw + doxorubicin, P800: 800 mg/kgbw + doxorubicin). (**: p < 0.01, ***: p < 0.001). 
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Figure 5. Histology of cardiac-tissue-stained TGFβ (KN: normal rats, K-: doxorubicin 15 mg/kgbw, P1: 100 mg/kgbw + doxorubicin, P2: 200 mg/kgbw + doxorubicin, P3: 400 mg/kgbw + doxorubicin, P4: 600 mg/kgbw + doxorubicin, P5: 800 mg/kgbw + doxorubicin.; the arrows show the yellow color of the expression of TGFβ). 
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Figure 6. Histology of cardiac-tissue-stained apoptosis (KN: normal rats, K-: doxorubicin 15 mg/kgbw, P1: 100 mg/kgbw + doxorubicin, P2: 200 mg/kgbw + doxorubicin, P3: 400 mg/kgbw + doxorubicin, P4: 600 mg/kgbw + doxorubicin, P5: 800 mg/kgbw + doxorubicin; the arrows show the yellow color of the expression of TGFβ). 
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Figure 7. Histology of cardiac-tissue-stained cytochrome c (K-: rats induced with doxorubicin 15 mg/kgbw, K+: rats induced with doxorubicin 15 mg/kgbw + quercetin 80 mg/kgbw, P1: rats induced with doxorubicin 15 mg/kgbw + VAEE 100 mg/kgbw, P2: rats induced with doxorubicin 15 mg/kgbw + VAEE 200 mg/kgbw, P3: rats induced with doxorubicin 15 mg/kgbw + VAEE 400 mg/kgbw, P4: rats induced with doxorubicin 15 mg/kgbw + VAEE 600 mg/kgbw, P5: rats induced with doxorubicin 15 mg/kgbw + VAEE 800 mg/kgbw; the yellow color of the expression of TGFβ). 






Figure 7. Histology of cardiac-tissue-stained cytochrome c (K-: rats induced with doxorubicin 15 mg/kgbw, K+: rats induced with doxorubicin 15 mg/kgbw + quercetin 80 mg/kgbw, P1: rats induced with doxorubicin 15 mg/kgbw + VAEE 100 mg/kgbw, P2: rats induced with doxorubicin 15 mg/kgbw + VAEE 200 mg/kgbw, P3: rats induced with doxorubicin 15 mg/kgbw + VAEE 400 mg/kgbw, P4: rats induced with doxorubicin 15 mg/kgbw + VAEE 600 mg/kgbw, P5: rats induced with doxorubicin 15 mg/kgbw + VAEE 800 mg/kgbw; the yellow color of the expression of TGFβ).
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Table 1. The positive index of TGFβ expression on cardiac tissue.
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Group

	
Mean

	
Kruskal—Wallis

	
KN

	
K-

	
P100

	
P200

	
P400

	
P600

	
P800






	
KN

	
46.200

	
0.000

	

	
0.007 **

	
0.008 **

	
0.008 **

	
0.008 **

	
0.001 **

	
0.002 **




	
K-

	
81.700

	

	
0.189 ns

	
0.015 *

	
0.012 *

	
0.006 **

	
0.006 **




	
P100

	
78.100

	

	
0.343 ns

	
0.192

	
0.008 **

	
0.008 **




	
P200

	
61.200

	

	
0.343

	
0.006 **

	
0.006 **




	
P400

	
58.900

	

	
0.008 **

	
0.008 **




	
P600

	
50.100

	

	
0.180 ns




	
P800

	
48.100

	








KN: normal rats, K-: doxorubicin 15 mg/kgbw, P1: 100 mg/kgbw + doxorubicin, P2: 200 mg/kgbw + doxorubicin, P3: 400 mg/kgbw + doxorubicin, P4: 600 mg/kgbw + doxorubicin, P5: 800 mg/kgbw + doxorubicin. (*: p < 0.05, **: p < 0.01, p > 0.05 ns/not significance).
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Table 2. The positive index of apoptotic expression on cardiac tissue.
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Group

	
Mean

	
Kruskal—Wallis

	
KN

	
K-

	
P100

	
P200

	
P300

	
P600

	
P800






	
KN

	
20.100

	
0.000

	

	
0.002 **

	
0.005 **

	
0.001 **

	
0.005 **

	
0.004 **

	
0.001 **




	
K-

	
71.700

	

	
0.236 ns

	
0.032 *

	
0.018 *

	
0.001 **

	
0.005 **




	
P100

	
70.000

	

	
0.453 ns

	
0.210

	
0.003 **

	
0.002 **




	
P200

	
58.100

	

	
0.543

	
0.002 **

	
0.001 **




	
P400

	
30.500

	

	
0.001 **

	
0.002 **




	
P600

	
25.780

	

	
0.250 ns




	
P800

	
19.910

	








KN: normal rats, K-: doxorubicin 15 mg/kgbw, P1: 100 mg/kgbw + doxorubicin, P2: 200 mg/kgbw + doxorubicin, P3: 400 mg/kgbw + doxorubicin, P4: 600 mg/kgbw + doxorubicin, P5: 800 mg/kgbw + doxorubicin. (*: p < 0.05, **: p < 0.01, p > 0.05 ns/not significance).
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Table 3. The positive index of cytochrome c expression on cardiac tissue.
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Group

	
Mean

	
Kruskal—Wallis

	
KN

	
K-

	
P100

	
P200

	
P400

	
P600

	
P800






	
KN

	
23.400

	
0.000

	

	
0.007 **

	
0.008 **

	
0.008 **

	
0.008 **

	
0.381

	
0.501




	
K-

	
39.600

	

	
0.189

	
0.015 *

	
0.012 *

	
0.006 **

	
0.006 **




	
P100

	
38.000

	

	
0.343

	
0.192

	
0.008 **

	
0.008 **




	
P200

	
37.200

	

	
0.343

	
0.006 **

	
0.006 **




	
P400

	
36.800

	

	
0.008 **

	
0.008 **




	
P600

	
24.000

	

	
0.180




	
P800

	
22.000

	








KN: normal rats, K-: doxorubicin 15 mg/kgbw, P1: 100 mg/kgbw + doxorubicin, P2: 200 mg/kgbw + doxorubicin, P3: 400 mg/kgbw + doxorubicin, P4: 600 mg/kgbw + doxorubicin, P5: 800 mg/kgbw + doxorubicin. (*: p < 0.05, **: p < 0.01)
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