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Summary 

Despite the widespread use of Doxorubicin (Dox) as a 

chemotherapeutic agent to treat patients with a wide range of cancer types, 

Dox-induced cardiotoxicity (DIC) has been regarded as a significant 

challenge to the successful treatment of cancer patients. In spite of 

extensive research aimed at overcoming this obstacle, there is currently no 

clinically approved, effective treatment for DIC. Therefore, it is crucial to 

develop a way to reduce Dox's cardiotoxicity while maintaining the drug's 

anticancer efficacy. Utilization of phytochemicals for the purpose of 

mitigating DIC is one potential strategy. Berberine (Ber) is a natural 

product example. Due to its limited water solubility, low bioavailability, 

and low cell permeability, Ber’s effectiveness as a pharmacological agent is 

substantially constrained. 

The three main parts of this study are: first, the formulation and 

characterization of a Pluronic F127 polymeric micelle as a nanocarrier for 

Ber delivery(mBer); second, determining the cardioprotective and 

chemosensitizing effects of this formulation; and third, evaluating the 

formulation's cardioprotective effect against a 1 µM concentration of Dox, 

which represents the human plasma concentration of Dox following 

therapeutic doses. 

A mBer was formulated using the thin-film hydration technique with 

the intention of resolving challenging issues associated with Ber delivery. 

The micelle was analyzed for drug loading and retention efficiency, size, 

zeta potential, shape by transmission electron microscopy (TEM), in vitro 

release, and their potential for inducing toxic hemolysis through an in vitro 

hemolysis assay. The average Ber encapsulation efficiency of the prepared 

spherical-shaped micelles was 85%, with a hydrodynamic radius of 

82,2±10.3 nm, 0.176±0.029 polydispersity index, and -47.4 ±0.19 mV zeta 
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potential. The results of fourier transform infrared spectroscopy(FTIR) and 

X-ray diffraction (XRD) experiments revealed that Ber was physically 

entrapped and in an amorphous state within the synthesized micelles. 

Compared to the free Ber solution, the in vitro release of Ber from micelles 

exhibited both short-term rapid release and sustained release. mBer was 

shown to be relatively non-toxic and biocompatible via an in vitro 

hemolysis assay. 

In order to determine the cardioprotective and chemosensitizing 

effects of mBer, the viability of cardiomyocytes (H9c2) and ovarian cancer 

cells (SKOV-3) in the presence of either free Ber or mBer alone or in 

combination with Dox was evaluated using the MTT test. Combination 

index (CI) analyses were also performed in order to evaluate the impacts of 

the various combinations.  In H9c2 cells, co-delivery of mBer and Dox 

resulted in a significantly higher half maximal inhibitory concentration 

(IC50) than Dox alone, and they showed an antagonistic effect in 

combination (CI > 1), indicating the cardioprotective activity of mBer. 

When Ber is incorporated into the F127 micelle, its cardioprotective 

activity is enhanced. Conversely, the reduction in cell viability and the CI 

values (CI < 1) in SKOV-3 cells showed that this combination was 

synergistic in SKOV-3, indicating the chemosensitizing effect of mBer. 

In the last set of experiments for this study, the ability of free Ber 

and mBer to protect the cultured cardiomyocytes against 1µM of Dox, 

which is the concentration of Dox in human plasma after therapeutic doses, 

was evaluated. The experimental groups included the control group, the 

Ber-treated group, the mBer-treated group, the Dox-treated group, the Ber-

Dox combination-treated group, and the mBer-Dox combination-treated 

group, as well as the void micelles-treated group. The alterations in 

cardiotoxicity markers [lactate dehydrogenase (LDH), creatine kinase 
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myocardial band(CK-MB), and cardiac troponin I (cTn-1)], lipid 

peroxidation indicator [malondialdehyde (MDA)], oxidative stress markers 

[Reduced glutathione (GSH), catalase (CAT), and superoxide dismutase 

(SOD)], inflammatory cytokines [interleukin-1β (IL-1β) and interleukin-6 

(IL-6)], and the activity of the apoptosis proteins caspases 3/7 were 

evaluated.  

The Dox group demonstrated significant (p<0.05) increases in 

cardiotoxicity enzyme indices, lipid peroxidation, generation of free 

radicals, inflammatory cytokines, and caspase 3/7 activity relative to the 

control group. In contrast to the group of cardiomyocytes treated with Dox, 

the levels of LDH, CK-MB, cTn-1, and MDA decreased significantly 

(p<0.05), while the activities of SOD and CAT improved significantly 

(p<0.05) when Ber or mBer was co-delivered with Dox, and they reduced 

the elevation in both IL- β and IL-6 levels as well as the activities of 

caspases 3 and 7 induced by Dox. Importantly, the utilization of the 

micellar formulation of Ber in conjunction with Dox significantly enhanced 

the cardioprotective efficacy of Ber against DIC in H9c2 cells. 

The experimental parts of this study supported the conclusion that 

making polymeric F127 micelles is a fairly simple process that could offer 

a novel Ber delivery approach and a prospective strategy for the treatment 

of DIC. In addition, while the administration of mBer has demonstrated 

cardioprotective effects against DIC in cardiomyocytes, it maintains a 

chemosensitizing influence when administered in conjunction with Dox in 

cultured ovarian adenocarcinoma cells, which may hold promise as a 

prospective therapeutic approach for cancer. 
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1-1. General introduction:  

Doxorubicin (Dox) is a chemotherapeutic drug that belongs to the 

anthracycline class of antibiotics that has been extensively and effectively 

used in clinical practice for the treatment of many malignancies, including 

lymphoma, leukemia, breast and ovarian cancer, and other various adult 

and pediatric cancers (1,2). Unfortunately, its clinical use has been 

hampered by the risk of serious life-threatening cardiotoxicity (3). Owing 

to their relatively low ability to regenerate, cardiac muscle is highly 

susceptible to the long-term toxic effects of Dox (3). Doxorubicin-induced 

cardiotoxicity (DIC) has been considered a major health issue associated 

with Dox therapy and an important challenge in the successful treatment of 

cancer patients (4,5). Oncologists and cardiologists face an ongoing 

problem as they deal with the potential trade-off between mitigating Dox-

induced cardiotoxicity (DIC) through dose reduction and the consequent 

decrease in chemotherapy efficacy [2]. Dexrazoxane has been approved in 

many countries as a cardioprotective agent to reduce DIC (6). However, its 

use is restricted due to worries that it may impede Dox's effectiveness, 

induce suppression of bone marrow and liver toxicity, and increase the risk 

of future malignancies (7). Although extensive investigations have been 

done to develop an effective treatment for DIC, there is no clinically 

approved effective treatment currently available (8,9). Therefore, it is 

critical to find a way to minimize Dox's cardiotoxicity while 

simultaneously boosting the drug's anticancer efficacy.  

 Phytochemicals (plant–derived small molecules) have tested in 

preclinical studies and showed cadioprotective effects against DIC (10). 

Among such natural product is berberine (Ber), a plant alkaloid, is extracted 

from the Berberis species' roots and bark (11). It has been stated that over 25 

billion Ber pills are consumed annually in various regions of Asia and Africa 
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(12). A growing number of studies have linked Ber to several 

pharmacological effects, such as anti-inflammatory, anti-diabetic, 

antibacterial, neuroprotective, cholesterol-lowering, and, central nervous 

system, and digestive tract protective actions, as well as antimicrobial and 

anticancer effects (13).A combination of in-vitro experiments, in-vivo 

investigations using various animal models collectively provide evidence 

supporting the capacity of Ber to regulate cardiovascular functions and to 

safeguard cardiac tissues from the detrimental effects of Dox (14). However, 

the clinical application of Ber is limited by its very low water solubility, 

bioavailability, and permeability across biological membranes (15,16). 

Therefore, Ber's delivery to the target of interest in the body has become 

quite challenging (12). With the continued development of Ber delivery 

systems, problems like targeting specific tissues, cellular internalization, and 

controlling drug release at the targeted site in the body have been challenges 

(17). Our approach to solve such phytochemical issues related to 

bioavailability and their respective solubility is to load these molecules into 

amphiphilic polymeric nanocarriers known as micelles (18). 

1-2. Doxorubicin: 

Dox (brand name Adriamycin) was approved by the Food and Drug 

Administration (FDA) in 1974 as one of the most potent 

chemotherapeutics, it is used to treat a wide range of metastatic 

malignancies, such as breast cancer, lymphoma, leukemia, and bladder 

cancer (19). Dox, an example of anthracycline antibiotics, is made by the 

fungus Streptomyces peucetius var. caesius (19,20). The chemical formula 

of Dox is C27H30ClNO11. It possesses both aglyconic and sugar moieties, 

and its side chain terminates with a primary alcohol group. The anticancer 

activity of the compound is attributed to the fact that it has several 

functional groups. These include daunoxamine, which fits into grooves; the 
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anthraquinone ring, which makes intercalation easier; and the anchor 

region, which forms hydrogen bonds (Figure 1-1) (5,21). 

Figure 1-1: The Dox's chemical structure. The marked are the functional groups 

believed to be crucial to the Dox mechanism of action (5).

Since their discovery in the 1960s, anthracyclines have been 

generally acknowledged as a class of effective chemotherapeutic 

medications for treating a variety of cancers (22). Dox's capacity to fight 

rapidly dividing cells and slow disease development has been widely 

recognized for decades (23). The potential for dose-dependent 

cardiotoxicity restricts the therapeutic application of Dox. 5-48% of 

patients who received cumulative doses of 400-700 mg/m2 of Dox had 

progressive congestive heart failure (24). Dox cardiotoxicity can be either 

acute or chronic. Acute Dox cardiotoxicity manifests within days of drug 

exposure, whereas chronic Dox cardiotoxicity appears months or even 

years later (25,26). However, the biochemical mechanisms underlying Dox 

cardiotoxicity are obscure, despite the fact that several components have 

been proposed. As a result, there are no perfect effective therapeutic 

options for treating Dox cardiotoxicity. Therefore, avoiding Dox 
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cardiotoxicity is critical for cancer patients. To date, various 

pharmacological treatments for preventing Dox cardiotoxicity have been 

utilized or explored in clinical trials (25). 

Dexrazoxane was approved as a cardioprotective drug to minimize 

DIC in the United States, Canada, Europe, and other countries (6). It is 

administered to patients 30 minutes prior to the administration of the Dox 

and is distributed to cardiomyocytes. However, its use is restricted due to 

concerns that it may interfere with the efficacy of Dox and increase the risk 

of future malignancies (27). In the United States, the only FDA-approved 

doxorubicin formulation is a pegylated liposomal formulation. Despite the 

liposomal formulation's attempts to reduce the cardiotoxicity of the Dox 

formulation, studies have shown that it is just as likely to produce cardiac 

events (28,29). Thus, Combining Dox with cardioprotective agents is still a 

pressing necessity 

1-2-1. Physiochemical properties of doxorubicin: 

The color of the hydrochloride salt of Dox is red. Dox hydrochloride 

is relatively stable. It can be stored for years at room temperature without 

degrading (30).Water, physiological saline, methanol, acetonitrile, and 

tetrahydrofuran all solubilize Dox very well; less polar organic solvents 

solubilize it just marginally or not at all (30). Dox is best to the stable when 

dissolved in water at a pH of 4 (pH range of 3.0 to 6.5). It becomes 

unstable when either the pH is too low (very acidic) or too high (extremely 

basic) (30,31). However, its stability time in plasma and culture mediums 

may be shorter (31). 

1-2-2. Pharmacokinetics properties of doxorubicin: 

Pharmacokinetics is the study of how a drug moves through the 

body's biological systems. It determines how the drug enters, moves within 

and exits the body. These processes include absorption, distribution, 

metabolism, and elimination (32). 
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1-2-2-1. Absorption: 

Due to its instability at stomach pH, Dox is delivered by injection. It 

has been injected intravenously, intra-arterially (33), and intraperitoneally 

(34) . The subcutaneous, intramuscular, and intrathecal routes of 

administration are unsuccessful due to extravasation caused by significant 

tissue necrosis (35) . A bolus intravenous infusion of Dox creates high 

plasma concentrations, which rapidly decline due to broad tissue 

distribution. Due to the rapid uptake of Dox by tissues, its half-life in this 

instance is approximately 5 minutes. A prolonged tissue clearance time is 

reflected in the drug's terminal half-life distribution, which ranges from 20 

to 48 hours (36) . 

1-2-2-2. Distribution in body: 

Dox is extensively distributed in plasma and tissues. Fifty  to eighty 

five percent of plasma doxorubicin is bound to protein regardless of the 

absolute drug concentration (37) , leaving only 15–50% of the entire 

doxorubicin and doxorubicinol, which is a Dox metabolite, as free drug 

(37). Seventy-five minutes after treatment, the concentration of Dox in the 

saliva is between 6 and 26 percent of the levels in the plasma. The drug 

enters the cell and binds to biological components. Lacking the ability to 

cross the blood-brain barrier, it is unable to access the high drug 

concentration in cerebrospinal fluid (38). 

1-2-2-3. Metabolism: 

 Dox is transformed into doxorubicinol via NADPH-dependent 

aldoreductases which are responsible for converting Dox into its active 

metabolite doxorubicinol following its administration. The anticancer 

action is also provided by doxorubicinol, the active moiety (39) . 

After 5 minutes of Dox injection, the metabolite is present in plasma 

at a concentration of over 20%, with continued increases throughout time. 
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70 % is reached within 30 minutes, 75 % after 4 hours, and 90 % after 24 

hours (1,40). 

1-2-2-4. Elimination: 

The majority of Dox and its metabolites are eliminated through the 

bile. More than half are eliminated during the first pass action (33). It is 

anticipated that 25 to 45 percent of Dox is eliminated in the stools over a 

seven-day period (41). On average, approximately 5 percent of Dox 

is eliminated in the urine, with approximately two-thirds of this amount 

remaining unaltered (42). 

1-2-3. Mechanisms of doxorubicin induced cardiotoxicity: 

In spite of the fact that a great deal has been discovered about DIC 

during the past six decades, the precise mechanisms of the toxicity remain 

unknown. The cardiomyocyte death after Dox treatment appears to be a 

multistep process involving multiple possible mechanisms (43,44). The 

most common mechanisms through which Dox induces cardiotoxicity are: 

1-2-3-1. Oxidative stress: 

 Cardiotoxicity from Dox is largely suggested to be due to 

generation of reactive oxygen species (ROS). One of the hypothesized 

mechanisms of free radical formation is the redox cycling of the 

quinolone–semiquinone ring of doxorubicin. Free radical semiquinone 

donates its unpaired electron to oxygen (O2), creating the superoxide 

radical in aerobic conditions(45,46). This redox cycle is especially 

dangerous since even a small dose of a drug can catalyze the production of 

many superoxide radicals, which can damage cells, including 

cardiomyocytes. Cardiolipin is a mitochondrial phospholipid that maintains 

architecture, performance, cardiac energy metabolism, and cell survival 

(47). Oxidative stress mediates Dox-induced mitochondrial toxicity (48). 

Mitochondrial DNA damage from ROS can inhibit electron transport chain 

proteins, exacerbating mitochondrial dysfunction and ROS formation (49). 
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Two other mechanisms in the heart that generate ROS when Dox is present 

are nitric oxide synthases and NADPH oxidases. Oxidative stress is the 

outcome of interactions between these Dox-interacting enzymes and other 

molecules promote apoptosis in cardiomyocytes (44,50).  

1-2-3-2. Interference with iron metabolism: 

In cardiomyocytes, the development of doxorubicin-iron complexes 

causes mitochondrial inner membrane oxidation, which is thought to lead 

to the formation of free radicals. Dox and its metabolite doxorubicinol 

impair iron metabolism by increasing Dox-iron complexes and Fe2+ 

availability to create reactive OH (51). Doxorubicinol has a larger cardiac 

accumulation and is more effective at disturbing iron homeostasis, leading 

to increased ROS production which causes oxidative stress and harms 

cardiomyocytes.  (52) .  

1-2-3-3. Calcium homeostasis impairment: 

It is well known that doxorubicinol accumulates in cardiomyocytes, 

where it then inhibits Ca2+ATPase function and, as a result, prevents 

calcium from entering the sarcoplasmic reticulum (53) . In addition, 

Doxorubicinol also interferes with the sarcolemmal sodium/potassium 

pump, which is required for calcium to enter a cardiomyocyte's sarcolemma 

(54) . Overall, calcium homeostasis is disrupted by Dox, leading to 

elevated intracellular calcium, ROS generation, cardiac cell dysfunction, 

and induction of death in cardiomyocytes (55).  

1-2-3-4. Sarcomeric structure changes: 

Titin, a big protein that spans the M-line and Z-discs of cardiac 

sarcomeres, serves as a vital structural function in the heart. Various 

cellular activities, ranging from structural to regulatory, depend on this 

protein (56) .When cardiomyocytes are exposed to Dox, calpain, cysteine 

protease, is activated quickly and appears to be oriented toward the 

destruction of titin. cardiomyocytes dysfunction, myofilament instability, 



Chapter one                          Introduction and Literature Review  
  

 

 8 

and eventual necrosis of cardiomyocytes could be caused by proteolysis of 

the titin. Thus, cardiomyopathy results from Dox-induced titin 

dysregulations via the activation of proteolytic pathways (57)  

1-2-3-5. Gene expression modulation: 

Dox can downregulate the expression of genes encoding heart 

muscle-specific proteins, including contractile, mitochondrial, and 

sarcoplasmic reticulum proteins which causes aberrant contraction and 

relaxation and leads to cardiac failure (58,43). Dox also suppresses 

mitochondrial proteins, disrupting myocardial energy production and 

inducing cardiac failure (58) . The Dox-induced decrease of GATA binding 

protein 4 (GATA-4) expression is related to the activation of apoptosis, 

indicating that GATA-4 is essential for cell survival (59) .   

Overall, Dox generates substantial changes in the gene expression of 

cardiac muscle, leading in remarkable abnormalities in the structure and 

function of the heart. 

1-2-3-6. Apoptosis induction: 

Dox induces apoptosis via both intrinsic and extrinsic mechanisms 

(44,60). Whenever there is an imbalance between oxidants and anti-

oxidants, these pathways get activated, leading to the death of cardiac 

muscle cells (61). Dox-induced oxidative stress activates heat shock factor 

1 (HSF-1) and induces heat shock protein 25 (HSP-25), which in turn 

stabilizes the p53 protein, which is responsible for the production of 

proapoptotic factors that lead to the death of cardiac muscle cells (61,62). 

This mechanism is inhibited by antioxidants (63). 

Other heat shock proteins, on the other hand, like HSP-27, HSP-10, 

HSP-20, HSP-22, and HSP-60, are protective and aid in preventing 

apoptosis and maintaining normal heart function (60). 

In vitro investigation with cardiomyocytes showed Dox enhanced 

death receptors (TNFR1, Fas, DR4, and DR5).  
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Furthermore, evidence suggests that Dox also affects caspase 

activation. Both primary cultured cardiomyocytes and whole rat hearts 

were found to undergo apoptosis after Dox treatment, with the apoptosis 

being activated by caspase-3 activity (64). 

1-2-3-7. Modulation of microRNAs: 

Many studies have found that DIC is associated with alterations in 

microRNAs because of their involvement in all cardiac processes, such as 

the conduction of electrical signals, and the contraction of the cardiac 

muscle (65,66). It has been demonstrated that increasing doses of Dox 

causes an increase in the levels of a number of different microRNAs in the 

rat heart. These microRNAs include miR-34a, miR-34c, miR-208b, miR-

208a, miR-215, miR-216b, miR21, and miR-367 (1,65). Investigations 

have also shown that treatment with Dox leads to an increase in the 

expression of miR21 in H9c2 cells. The inhibition of apoptosis that can be 

seen as a result of the downregulation of microRNAs in response to Dox is 

indicative of a cardioprotective effect (67). However, therapy with Dox 

upregulates miR-208a; nevertheless, this results in cardiotoxicity as a 

consequence of the downregulation of the GATA-4  gene and an increase 

in cardiomyocyte death (68).On the other hand, Dox administration causes 

a downregulation of several microRNAs in rat myocardium, including Let-

7 g, miR-30a, miR-30c, and miR-30e highlighting Dox's participation in 

the modulation of microRNAs (65).  

1-2-4. Therapeutic approaches against Doxorubicin-Induced 

Cardiotoxicity: 

Because of the complicated mechanisms of the cardiac damage 

caused by the administration of Dox, a variety of different treatment 

strategies are being considered in an effort to prevent DIC. Here, we will 

focus on a phytochemical-dependent strategy. 
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1-2-4-1. Phytochemicals dependent strategy: 

Phytochemicals are the scientific term for compounds that are 

derived from plants. They have been extensively investigated for their 

potential as medicinal agents (69). As previously explained, there are 

multiple mechanisms through which Dox-induced heart toxicity occurs, 

which precludes the adoption of a single molecule as an effective Dox 

toxicity prevention target. Since most natural products have several 

"targets" and may affect multiple signaling pathways, phytochemicals 

appear to be "suitable remedies" from this perspective. This also mitigates 

the issue of ensuring that the anticancer effect of Dox is not weakened by 

co-administration with phytochemicals while minimizing cardiotoxicity. 

The multi-activity and multi-targeting of phytochemicals provide better 

therapeutic results when combined with Dox (70). Due to their complexity, 

phytochemicals have been generically categorized in to many groups such 

as phenols, carotenoids, quinones, lignans, polysaccharides, terpenoids, and 

alkaloids (71). 

1-2-4-1-1. Challenges for phytochemicals approach: 

According to preclinical investigations, plant-derived compounds 

can reduce Dox cardiotoxicity; nevertheless, the majority of phytochemical 

compounds that reduce DIC have not yet been adapted for clinical use due 

to the poor bioavailability of the majority of phytochemical substances 

(72). This  reduces the interest of more pharmacological research and the 

potential advantages of integrating phytochemicals into clinical therapy as 

a cardioprotective adjuvant (72). Numerous innovative drug delivery 

techniques exist for increasing solubility and extending the plasma half-life 

of phytochemicals and ensuring their targeted distribution (73)  

1-3. Berberine: 
There has been a surge of curiosity towards therapeutic plants and 

the chemicals they contain.  One of the key causes was the rise of synthetic 
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drugs, which have grown increasingly connected with adverse side effects, 

in contrast to plant-based natural resources, which have been historically 

used for centuries and are typically reliable, abundant, and safe with 

relatively few documented negative side effects (74). The addition of 

beneficial phytochemical components has improved a wide range of drugs. 

As the industry of developing drugs from natural sources continues to 

expand, there are increasing turning to plants in quest of novel and more 

effective treatments for diseases (75). Berberine (Ber) is a notable example 

of phytochemicals because its numerous potential biological and 

pharmacological effects make it stand out among these substances. Ber has 

been used to treat a wide variety of illnesses in both traditional Chinese and 

Indian medicine, both of which have histories stretching back thousands of 

years (76). In addition to its widespread use in Asia, it is gaining popularity 

as a dietary supplement in Europe and Africa (77,78). The pharmacological 

activity of Ber has been successfully utilized to treat a wide variety of 

health conditions, many of which have been reported to respond favorably 

to treatment with Ber. Ber's wide-ranging medical applications, including 

its efficacy in treating a wide range of illnesses, intense chemosensitization, 

chemoprotective properties, and a significant role in lowering drug 

resistance and cancer recurrence (79) have made it a remarkable 

phytochemical in medicinal chemistry. 

1-3-1. Berberine nomenclature and sources: 

The term berberine is an ancient word that was given to a yellow 

extract obtained from Berberis vulgaris plant by Buchner & Herberger in 

1830 (80). Ber, (5,6-dihydro-9,10-dimethoxybenzo-1,3 benzodioxolo[5,6] 

quinolizinium), is a non-basic and quaternary benzylisoquinoline 

protoberberine alkaloid that has a molecular formula of (C20H17ONO5) 

and a molecular weight of 336.4 (81). Ber hydrochloride structure as an 

important molecule in the field of medicinal chemistry is depicted in Figure 
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1-2. It is mostly found in various medicinal plants belonging to the 

Berberidaceae, Papaveraceae, Menispermaceae, Annonaceae and 

Ranunculaceae families. Some examples of these plants are Arcangelisia 

flava (menispermaceae), Berberis vulgaris L. (barberry), B. aristata , B. 

aquifolium , B. lyceum, B. crataegina, Hydrastis canaden (Chinese 

goldthread), Rhizoma coptidis (China's Huang Lian), Berberis 

pseudumbellata and Scutellaria baicalensis are the main plants that contain 

berberine and have been used as traditional folk medicines in many 

countries such China, India, Iran, and many others (11,82). The Berberis 

genus is widely recognized as the most widespread natural source of Ber. 

The bark of B. vulgaris contains greater than 8% alkaloids, with Ber 

(approximately 5%) being the most abundant alkaloid (83). 

Ber can be found in the barks, leaves, twigs, rhizomes, and stems of several 

medicinal plant species (84). Different research groups discovered that 

there is a higher concentration of Ber in roots (1.6-4.3%) and lower altitude 

plants have a higher concentration of Ber than higher altitude plants (85). 

Interestingly Ber concentrations vary according to harvest season and 

timing. Berberis pseudumbellata, for example, has the highest 

concentration of Ber in the summer season, where it is 2.8 percent in the 

roots, compared to 1.9 percent in the roots when harvested in the winter 

(86). 

 
Figure 1-2: Berberine hydrochloride structure (87). 
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1-3-2. Berberine extraction: 

Ber's physicochemical properties contribute to the development of 

variable extraction and detection methods (81). There are many methods to 

isolate Ber from its matrix. These methods depend on the principle that Ber 

belongs to the family of a quaternary protoberberine alkaloid, and because 

salts are stable in acidic and neutral media, extraction is based on the 

interconversion reaction of protoberberine salt and base, with organic 

solvents used to solubilize the base (88).  

The most common methods for Ber extraction are maceration, 

Soxhlet extraction, percolation, and other hot or cold extraction techniques 

using various solvent systems such as ethanol, methanol, chloroform, and 

aqueous or acidified mixtures. The temperature must be kept under control 

during the extraction process (89).  

Chromatographic methods are commonly used to separate and 

quantify Ber after extraction and purification. According to the literature, 

the most common methods for determining Ber in plant extracts are UV 

spectrophotometry (90), high-performance liquid chromatography (91), 

high performance thin layer chromatography, thin layer chromatography 

(92,93), and capillary electrophoresis (94). 

1-3-3. Berberine physiochemical properties: 

 Ber is an alkaloid that has a bitter taste, a melting point of 145.1–

146.7 °C, and a bright yellow color. Ber, sometimes known as "natural 

yellow 18" has been used as a dye for a long time. For therapeutic uses, it is 

usually given as chloride or sulfate (95). 

In terms of solubility, the salt forms of Ber are relatively better than 

the pure form, although they are still weakly soluble in water (96). It is 
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insoluble in some organic solvents such as benzene, ether, and chloroform 

(97). 

Interestingly, when Ber is exposed to UV light, it turns into a bright 

yellow and exhibits a strong yellow fluorescence (98). Ber has a maximum 

absorption wavelength of 350 nm and a maximum emission wavelength of 

530 nm in a solution of 0.01mol/L sodium dodecyl sulfate (99). 

1-3-4. Berberine pharmacokinetic properties: 

The absorption of Ber could occur in the gastrointestinal tract. 

However, it is important to take note of the fact that under physiological 

settings, Ber changed into the ionized form and that under low pH 

conditions, it self-aggregated. The process of self-aggregation reduces the 

solubility of the substance in the gastrointestinal tract as well as its 

permeability (15) . Generally, Ber is hydrophobic in nature, this property is 

largely contributing to preventing uptake of the Ber by the human body 

(100) . In addition, Ber is largely exposed to first-pass effects in the 

intestinal lumen before it distributes to blood circulation, limiting its 

therapeutic applicability (101,102). Furthermore, Ber is a substrate for 

glycoprotein (P-gp) which is responsible for pumping many foreign 

substances out of the cell leading to a further decrease in Ber concentration 

in body cells (103). Because of its limited solubility and permeability, Ber 

in general has a bioavailability of less than 1% in the body (15,104). 

Specifically, About 0.5% of orally given Ber is absorbed in the small 

intestine, and an even smaller amount (0.35%) reaches into the bloodstream 

(12).   

Ber is distributed in a wide variety of tissues and organs throughout 

the body. It is present in almost every part of the body. The levels of Ber 

and its metabolites that can be detected in tissues are far higher than those 

that can be found in plasma (105) .  
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The biotransformation or metabolism of Ber in the body primarily 

occurs in the liver and the intestines, allowing its metabolites to be 

eliminated more readily (106). The primary routes through which Ber is 

eliminated from the body are feces, bile, and urine (15) .  

Overall, the pharmacokinetic properties of oral administration of Ber 

are not promising. It is poorly absorbed and does not persist in the 

gastrointestinal tracts of animals or humans. As a result, efficient use of 

Ber as a medicinal drug remains a challenge. 

1-3-5. Pharmacological activities of berberine: 

1-3-5-1. General pharmacological effects of berberine 

The alkaloidal structure of Ber is what's accountable for its diverse 

array of pharmacological effects. In the numerous experimental studies in 

animals, cell culture investigations, and clinical trials that have been 

conducted, Ber has been associated with a wide array of pharmacological 

effects (80).The Ber has anti-inflammatory properties both in vitro and in 

vivo, and it also inhibits the transcription of genes that contribute to 

inflammation, such as IL-1, TNF-α, and IL-6. Ber inhibits the production 

of both COX-2 and PGE2 (107). Ber is able to suppress NF-κB signaling, 

which in turn stops cancer cells from producing IL-8 (108). Ber has been 

shown to be effective in inhibiting NO and TNF-α (107). In colorectal 

cancer cells, Ber reduces the activity of the COX-2 transcription factor 

(109). Because of these properties, Ber can be used to treat a range of 

inflammatory disorders, including rheumatism (110). 

Indirect clinical studies of Ber showed that it lowered the levels of 

the enzymes alanine and aspartate transaminase in diabetic patients (111). 

It was thought to be an effective way to treat insulin resistance (112). 

Improvements in insulin secretion in people with poor β-cell function have 

been linked to the use of Ber, which has been shown to promote the 

regeneration of damaged or exhausted islets of Langerhans (113). Like 
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metformin, Ber can control a number of effectors, like mitogen-activated 

protein kinase (114). This is in turn causes an increase in the initiation of 

glucose transport by the glucose transporter 1. 

It has been established that Ber can reduce lipid levels through a variety of 

distinct ways. Ber, when mixed with other naturally occurring compounds 

such as plant stanols, enhanced the efficiency of decreasing cholesterol by 

limiting cholesterol absorption in a synergistic manner (115). Interestingly, 

it has been shown that the male diabetic mice who were fed a diet that was 

high in fat showed a substantial increase in cholesterol level after being 

exposed to the diet. Ber reduced the amount of total cholesterol found in 

the blood by 42% when it was administered orally at a dose of 250 

milligrams per kilogram of body wight per day for a period of four weeks 

(116).  

Ber has been shown to be effective in the treatment of a number of 

neurological diseases. it has been found to alter the brain's 

neurotransmitters and receptors. Ber has been shown to help with central 

nervous system disorders like Alzheimer's disease, anxiety, and depression 

(117). Ber is capable of inhibiting monoamine oxidase activity, a key target 

in the treatment of depression, and reducing depressive symptoms (118). 

Ber has also been reported to help with gastric ulcers and other stomach 

issues. In an ethanol-induced gastric ulcer mouse model, Ber could 

successfully protect the stomach mucosa from injury (119).  

Ber exhibits antibacterial, antifungal, antiviral, and antiprotozoal properties 

(76) .Recent research has revealed that Ber is more effective against gram-

positive bacteria than gram-negative bacteria. It has also been demonstrated 

to inhibit Helicobacterium Pylori, the bacteria that account for a large 

proportion of stomach and small intestine ulcers(120).Ber's antifungal 

properties have been demonstrated against fluconazole-resistant strains of 



Chapter one                          Introduction and Literature Review  
  

 

 17 

Candida and Cryptococcus neoformans, as well as the biofilm form of 

Candida spp. (121). 

1-3-5-2. Berberine effects on cardiovascular system: 

Many in-vitro experiments, in-vivo investigations on different 

animal models, and human clinical trials all point to Ber's ability to 

modulate cardiovascular functions. In an in vitro study on canine cardiac 

Purkinje and ventricular muscle fibers, Ber increases the action potential 

duration in Purkinje and ventricular muscle fibers in a concentration-

dependent manner while having no effect on other action potential 

parameters. Ber is thought to work by blocking repolarizing currents and 

therefore increasing the effective refractory period of the myocardium 

(122). Another in-vitro investigation on isolated coronary arterial rings 

with ventricular fibrillation generated by an electric stimulus was carried 

out. Ber proved effective in preventing and treating spasms in the isolated 

part (123). The pathophysiology of cardiovascular diseases is driven by the 

aberrant proliferation of vascular smooth muscle cells (124). Ber has also 

been shown to suppress angiotensin IV-induced proliferation in cultured 

vascular smooth muscle cells via blocking the peroxisome proliferator-

activated receptor α –nitric oxide signaling pathway (125) . As a result, 

berberine has been recommended as cardiovascular therapy (126). 

Eighteen dogs with ischemia and left ventricular failure were used in 

another study. Ber's positive inotropic activity and modest systemic 

vasodilation were able to improve left ventricular function that had been 

compromised (127). It can work as a vasodilator where it has been shown 

to help patients with severe congestive heart failure(128). Ber has also been 

reported to have a hypotensive effect, where it efficiently reduces 

endothelial dysfunction, arterial pressure, and pathological changes in 

resistance vessel structure, resulting in lower blood pressure. Therefore, it 
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has been suggested to use it as antihypertensive phytochemical therapy 

(126). 

The effects of Ber on 100 patients with ventricular tachyarrhythmias 

were investigated utilizing ambulatory monitoring for 24 to 48 hours. 

According to the data, 62 percent of patients had ventricular premature 

contractions suppressed by 50% or more, while 38% had suppression of 

90% or more. There were no serious side effects, but some patients 

reported moderate gastroenterological issues (129). Furthermore, Ber has 

been shown to reduce vascular endothelial damage, aberrant lipid 

metabolism, chronic inflammation, plaque development, and cell death, all 

of which are factors in the development of atherosclerosis. As a result, it 

has the potential of reducing atherosclerosis (126). Cardiovascular and 

metabolic effects of Ber are now being studied in human clinical trials (77). 

Many mechanisms for Ber's actions on cardiovascular system have 

been postulated. First, Ber's antiarrhythmic properties are related to its 

potassium channel blocking properties (130). Second, Ber acts as a Ca2+ 

channel agonist (131). Third, Ber also appears to have an inhibitory effect 

on catecholamine production via lowering tyrosine hydroxylase activity 

(132). Fourth, Ber's cardiovascular effects can be attributed to the blockage 

of ATP-sensitive potassium channels and delayed rectifying, as well as the 

stimulation of Na+Ca2+ exchange pathways (117). Fifth, Ber also was 

postulated to modulate the Nitric oxide–cyclic GMP pathway, the 

angiotensin-converting enzyme system via affecting the peroxisome 

proliferator-activated receptor signaling pathway,  α –nitric oxide signaling 

pathway, and it might involve in the 1-adrenoceptor blockade (125). Six, 

Ber can also modulate the ventricular action potential and make it last 

longer (133). It's worthwhile that Ber can also inhibit platelet function by a 

number of postulated mechanisms, including increased thrombolysis, 
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thromboxane generation, calcium influx suppression, and platelet activation 

via the 2-adreno-receptor (134). 

1-3-5-3. Anticancer activity of berberine: 

           Ber has been shown to have antitumoral efficacy against a range of 

tumor types (79) . Ber is effective in the treatment of solid tumors and 

hematological malignancies (135). Ber's anticancer efficacy stems from its 

ability to affect multiple stages of tumor development, including cell 

proliferation, invasiveness, and cell death, as well as alteration of cell 

signaling pathways. Ber has also been shown to improve the efficacy of 

radiation and chemotherapy. Ber has been shown to help in diminishing the 

multidrug resistance issues in cancer treatment (79).  

1-3-5-4. Chemoprotective effects of berberine: 

           Ber appears to protect cardiac tissues from DIC in a growing 

number of in vitro and in vivo studies. In the Dox-treated mice, there was 

an increase in mortality, an initial fall in body weight, elevated lactate 

dehydrogenase (LDH) activity, heart rhythm abnormalities, and increased 

myocardial damage. Pretreatment with Ber considerably reduced these 

alterations (136). Another study revealed that 20 minutes of pretreatment 

with Ber (0.06, 0.25, 1.0, 4.0 M) protects rat cardiomyocytes cultured in 

vitro from acute damage caused by Dox (1µM) (137). In addition, it was 

reported that Ber protects cardiac tissues against DIC damage by 

suppressing Dox metabolism in the heart cytoplasm and minimizing the 

accumulation of doxorubicinol, a secondary alcohol metabolite of Dox,  in 

cardiac tissues (138). Likewise, Ber showed protective benefits against 

Dox-induced cardiac tissue free radical injury in a rat model and cultured 

cardiomyocytes, likely by suppression of intracellular Ca2+ increase and 

reduction of mitochondrial dysfunction (139). 

        In vitro and in vivo studies showed that Ber reduces the risk of heart 

injury induced by Dox through inhibiting p66Shc, a pro-apoptotic protein 
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that controls oxidative stress and enhances the mitochondrial signaling 

pathway, by raising sirtuin 1 expression, indicating a novel mechanism for 

Ber's cardiomyopathy prevention (140). 

        Ber, on the other hand, successfully protects hepatocytes from the 

damage caused by common anticancer drugs such as cyclophosphamide 

and methotrexate which causes oxidative stress, hepatic inflammation, 

hepatocellular degeneration, and congestion, as well as an increase in liver 

enzyme production (such as alanine transaminase and aspartate 

transaminase). Ber, which possesses powerful antioxidant properties, 

stimulates the production of antioxidant enzymes such as catalase, 

superoxide dismutase, glutathione peroxidase, and malondialdehyde. As a 

result, the level of oxidative stress in the liver that is caused by 

chemotherapy is significantly reduced. Ber also protects the hepatic 

architecture while lowering liver enzyme levels (141). Ber can also be 

suggested to have a nephroprotective effect as there is evidence that Ber 

can successfully protect kidneys from the severe damage produced by the 

chemotherapeutic medication cisplatin in rats. It improves the activities of 

antioxidative enzymes in renal tissues, lowering blood urea nitrogen, 

creatinine, malondialdehyde, nitric oxide, protein carbonyl levels, and 

myeloperoxidase activity, reducing oxidative stress and nephrotoxicity 

(142). 

1-3-6. Berberine toxicity: 

The acute toxicity test is the initial step in assessing harmful effects, 

and it takes place over the course of 14 days after a single dose has been 

administered. As a measure of a substance's inherent toxicity, it provides an 

estimate of the lethal dose 50 (LD50). The mouse and rat are the most 

popular subjects(143). The LD50, the dose of a substance that kills 50% of 

test animals, value for Ber varies with the concentration of berberine in a 

given chemical, route of administration, and organism type (144).  The oral 
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LD50 values for pure Ber in mice and rats are 329 and 1500 mg/kg 

respectively (144). When administered orally, the LD50 values for the root 

extract fraction of B. vulgaris in rats and mice are 1,280 mg/kg and 520 

mg/kg, respectively (144). On the other hand, administering Ber sulfate at a 

dose of 50 mg/kg causes diarrhea in forty percent of rats, which has a direct 

impact on the digestive tract (145).  

1-4. Nanoformulation: 
Nanotechnology was  coined in 1959 as the study and application of 

engineering principles to the creation of useful materials, surfaces, and 

devices with at least dimension on the order of 1–100 nanometers (146) 

Because the diameters of biologically important basic components like 

amino acids, carbohydrates, nucleotides, and proteins are all in the 

nanoscale range and the majority of biological activities occur at the 

nanoscale (less than 100 nm), interactions between biological systems and 

nanomaterials are promoted (146).  

 When it comes to enhancing the therapeutic efficacy of a certain 

medication, nanocarriers play a pivotal role in facilitating the delivery of 

that chemical. Nanocarriers have a wide variety of applications, but the 

following are among the most significant: 

1- They help pharmaceutical industry create more effective medicines by 

increasing the solubility of hydrophobic compounds in water (147). 

2- They have the capacity to improve the stability of compounds that are 

particularly susceptible to degradation (148). 

3- They can permit the development of highly targeted and localized 

delivery systems (149). 

4- They have the ability to improve permeability and cellular uptake, 

enhance drug retention in tissues, and protect against proteolytic enzymes 

as benefits of this strategy (150). 
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5- It is possible for an internal stimulus (biomarker, pH, or redox) or an 

exterior stimulus (temperature, light, radiation, or ultrasounds) to initiate 

and regulate the controlled release of a chemical loaded in a nan 

carrier (151). 

6- The most recent use of nanotechnology is in mRNA delivery, as 

demonstrated by the delivery of an mRNA-based vaccination against 

SARS-CoV-19 using lipid nanoparticles. The use of nanotechnology in this 

context is cutting edge(152). 

7- Nanocarriers have been the subject of intense research due to their 

potential as diagnostic agents (153). 

 Depending on the material employed in their manufacture, nanoscale 

materials can be categorized as inorganic, lipidic, peptide-based or virus-

like nanocarriers, and polymeric nanoparticles (154) . Examples of 

inorganic nanocarriers that can react to external stimuli are gold nano rods 

and gold, silver, or metal oxide nanoparticles. Lipid-based formulations 

such as liposomes, spherical self-assembling colloidal entities with lipid 

bilayers, and an aqueous center. solid lipid nanoparticles are other 

examples. Protein structures known as virus-like particles (VLPs) and 

nanoparticles (NPs) are able to mimic the appearance of wild-type viruses, 

but they do not possess a viral genome or the ability to cause infection. 

This makes them, in practice, safer candidates for vaccines (155). 

Polymeric nano-systems are made from either naturally occurring or 

synthetic polymers. there are several forms of polymeric nano-systems 

such as nanocapsules, micelles, and dendrimers each with its own distinct 

characteristics (154). Typically, polymeric nanoparticles are divided into 

two kinds: hollow and core shell (156). Drugs are either conjugated with 

the polymer prior to nanoparticle creation, as is the case with hollow 

nanoparticles, or they are encapsulated in the very porous polymer matrix 

of hollow nanoparticles. examples of hollow nanoparticles are poly lactic-
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co-glycolic acid (PLGA) and chitosan which are both commonly utilized as 

polymers (157). However, the drug loading capacity of these nanoparticles 

is low, and their nanostructures are relatively unstable. On the other hand, 

core-shell nanoparticles are comprised of two or more distinct polymer 

components forming the core and the shell. They have better 

physicochemical stability and decreased cytotoxicity. Silica-coated 

chitosan nanoparticles and poly (methyl methacrylate) (PMMA) /chitosan 

core-shell nanoparticles are examples of core-shell nanoparticles (158) . It 

is possible to enhance therapeutic agent encapsulation by customizing the 

nanoparticle's core substance.  

1-4-1. Polymeric micelles: 

Approximately half of the approved active compounds have poor 

solubility in the physiological aqueous environment, resulting in restricted 

bioavailability and gastrointestinal absorption (159). In addition to being a 

challenge for the development of injectable and even topical formulations, 

poor solubility poses a problem. Since increased solubility is predictive of 

increased bioavailability, researchers are investigating a variety of 

nanotechnological approaches to solubilizing drugs in an effective manner 

(160). One of the nano-oriented tactics studied to increase the 

solubilization, stability, and bioavailability of medicinal agents is the 

integration of hydrophobic compounds within polymeric micelles. 

Polymeric Micelles are usually made of amphiphilic di- or tri-block 

copolymers with both hydrophilic and hydrophobic parts (161). They are 

capable of self-aggregation. Below a critical micellar concentration, often 

known as CMC, these polymers exist in solution as free molecules; 

however, once they pass CMC, they begin to self-assemble into micelles 

that have a hydrophilic coating surrounding a lipophilic core (162). These 

self-assembled micelle structures are capable of preserving insoluble 

hydrophobic drugs; their structure and function mirror characteristics of 
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biological transport systems. As a result, systems are formed with specific 

attributes relative to other nanocarriers, such as reduced size where they 

have a size on the nanometer scale, often less than 100 nanometers that 

enables passive targeting to poorly-permeable targets(162). 

Due to their tiny size, ease of synthesis, and high solubility, their 

hydrophobic cores, are well-suited for solubilizing water-insoluble 

molecules, protecting unstable compounds from chemical and/or biological 

degradation, and for providing prolonged release in a variety of 

compositions. Polymeric micelles are attractive carriers for loading drugs. 

They can increase their bioavailability, prolong circulation durations, and 

generate a regulated and targeted drug release, which is beneficial for 

decreasing adverse effects (163). They can also improve permeability and 

retention where the internalization within cells is improved, allowing for 

greater efficiency (164).  Intravenous (IV) injection or infusion is the 

preferred method of administration for micelles, for which most studies 

have been conducted (165). Typically, chemotherapy is administered by 

this method. However, they can be utilized for practically all routes of 

administration (166). Polymeric micelles are adaptable, stable, safe, and 

relatively cost-effective nanovectors thus they are gaining popularity (167). 

For the first time, a micelle formulation of the chemotherapeutic 

drug paclitaxel has been approved by the FDA for use in the treatment of 

breast, ovarian, and lung malignancies (168). The lipophilic core enhances 

the solubility of weakly water-soluble molecules like resveratrol and 

quercetin, as demonstrated in the literature (169). Whereas, the hydrophilic 

coating protects the encapsulated drug from the external medium, resulting 

in increased bioavailability and prolonged circulation (168). Among such 

micelles is the pluronic polymeric micelles which are a type of smart 

material that exhibits micelle-formation capabilities (170). 
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1-4-1-1. General properties of polymeric micelles: 

1-4-1-1-1 Shape: 

Micelles are typically shown as spherical structures; however, it is 

possible to observe rod-like, worm-like, and even disk-like shapes (171). 

The changes in micellar shape are mostly attributable to the polymer 

structure and to the temperature, pH, and chemical content of the 

surrounding environment(172). 

1-4-1-1-2. Size:  

Polymeric micelles can have a size that is greater than 100 nm while 

still being considered to be micelles (173). It has been demonstrated that 

micelles in the size range of 30 to 100 nm can readily aggregate in highly 

permeability tumors. The smaller the size, the greater the ability to 

penetrate.  For example, micelles with a size of 30 nm can penetrate less 

permeable tumors in an efficient way, demonstrating the importance of size 

(173). 

1-4-1-1-3. Surface properties: 

Surface properties affect micelle behavior. Hydrophilic and neutral 

surfaces diminish interacting of serum proteins with micellar corona and 

increase intravenous circulation time. They also improve the 

micellar ability to penetrate mucus (174). However, positively charged 

nanocarriers are mucoadhesive, meaning that they interact favorably with 

epithelia (174).It has been reported that micelles with a positive zeta 

potential have a very low stability in body fluid as a result of non-

specific protein complex formation and an enhanced tendency to aggregate 

in vivo (175). 

1-4-1-1-4. Ability to internalize cells: 

A micelle is an extremely important component in the process of 

delivering drugs to their intended subcellular destination. Micelles often 

enter cells by a process known as endocytosis. This process begins when a 
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micelle binds to the cellular membrane and continues with uptake and 

translocation through endosomes to the cytoplasm of the cell that is 

receiving it (176). Micelles have the ability to be taken into cells in their 

original state, but they also have the potential to release the drug outside of 

cells or to be carried into cells as deconstructed unimers and lysed in 

lysosomes producing drug accumulation in plasma membrane or cellular 

compartments (177). Because micelles are able to easily bypass the energy-

dependent efflux pumps(P-gp) that are a contributing factor in drug 

resistance and multidrug resistance, endocytosis-mediated uptake has 

proven to be a viable technique for addressing these issues (178). 

1-4-1-2. Pluronics: 

Pluronics® is a brand name for a category of water-soluble nonionic 

triblock copolymers known as poloxamers that were first produced by 

BASF. Currently, they are utilized extensively in a multitude of fields, 

including the fabrication of nanoparticles as well as drug delivery (179). 

The copolymer blocks are composed of chemically different monomers 

(polar and non-polar) include the polyethylene oxide (PEO) monomers 

which are water-soluble and the polypropylene oxide (PPO) monomers 

which are water-insoluble. As a result, the PEO blocks are hydrophilic 

whereas the PPO blocks are hydrophobic; hence, the block copolymers are 

amphiphilic, resulting in surface-active characteristics (180) . Pluronics are 

available in a number of forms, each of which has a unique molecular 

weight and ratio of hydrophobic to hydrophilic building blocks (181). 

BASF's nomenclature for Pluronics® consists of a letter representing the 

physical state (P for Paste, F for Flake, and L for Liquid), one or two digits 

representing the molecular weight, and a final number representing the 

weight of the PEO block (182). Mainly, low bioavailability and water 

insolubility impede the clinical use of many effective medications thus 
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pharmaceutical biotechnology improves medication absorption and 

stability, therapeutic effectiveness, and bioavailability by creating optimal 

polymers such as the development of micellar block copolymer-drug 

complexes(183). Pluronic F127, also known as Poloxamer 407, is one 

example of tri-block amphiphilic synthetic copolymers. These copolymers 

are made up of a chain of PPO that is surrounded by two chains of PEO 

(Figure 1-3). 

Pluronic F127 improves the pharmacokinetics and 

pharmacodynamics of poorly water-soluble medications by increasing their 

oral bioavailability and stability and circulation time. The capacity of 

pluronic F127 to dissolve hydrophobic solutes has sparked a great amount 

of interest in controlled-release medication administration and other 

application areas(184). The FDA has given its approval for the use of 

pluronic F127 as an excipient in oral, ophthalmic, and topical 

pharmaceutical formulations (185).  Due to its low immunogenicity and 

toxicity, Pluronic F-127 has been the most commonly used in controlled 

release systems (186).

                
Figure 1-3: Pluronic F-127 chemical structure (180)

1-4-1-2-1. Micellization of pluronic F-127 and chemicals loading:

Micellization process of Pluronic F-127 can be begin when the 

concentration of PEO-PPO block copolymer in solution exceeds the critical 

micellization concentration (CMC). Below the CMC and at room 

temperature, the copolymer is existing in form of unimers. Unimers are 

block copolymer that are not linked, as opposed to supramolecular 

chains(187).  Reduced solubility induces microphase separation of PPO 
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blocks from the aqueous environment into the micelle core. PEO and PPO 

blocks are covalently connected to a copolymer chain, allowing for the 

self-assembly. Two stages create micelles that are thermodynamically 

stable: initially, unimers rapidly combine into metastable aggregates (less 

than millisecond) then, after 1–100 ms, aggregates relax into 

thermodynamically stable micelles(188). In an aqueous solution, 

poloxamer micelles are generally spherical and core-shell. The micelle core 

is hydrophobic and composed of PPO blocks, while the corona is hydrated 

PEO (188). In order for hydrophobic drug molecules to become 

encapsulated in hydrophobic PPO cores, it is necessary to raise the 

temperature of the reaction and combine hydrophobic drug molecules with 

the quantities needed for pluronic molecules. The nontoxic hydrated PEO 

coronas prevent the loaded substance from being removed from the core of 

the micelles.  enabling hydrophobic medicines to be more soluble in water, 

increasing their bioavailability (189). The passive accumulation of 

pharmaceuticals loaded in Pluronic micelles is more effective than the free 

drugs. This is due to the prolonged circulation duration and progressive 

dissociation of drug-encapsulated micelles in the blood. Pluronic F127 

micelles can facilitate the transport of drugs through the blood-brain and 

intestinal barriers (190). The pharmacological properties of pluronic F127 

micelles make them an important drug carrier.  

1-4-1-2-2.Pluronic F127 improves delivery of low soluble phytochemicals: 

Because of their poor water solubility, low lipophilicity, unsuitable 

molecular size, structural instability in the biological environment, rapid 

clearance, and high metabolic rate, natural products present significant 

difficulties when applied to therapeutic settings. In addition, some natural 

products are inactivated by gastric contents or undergo substantial first-pass 

action and pre-systemic metabolism in the liver after oral administration 

before they reach the systemic circulation. Moreover, Reduced 
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bioavailability is also linked to the accumulation of some natural 

products in non-targeted tissues, which raises undesired side effects and 

severely diminishes therapeutic efficacy (168). 

Pluronic F127 is frequently utilized because of its ability to increase 

natural products solubility and stability, it improves their therapeutic 

bioavailability as well as distribution. Resveratrol is a plant-based 

phytoalexin with significant biological action, however, it is insoluble in 

water, reducing its therapeutic use. Emulsion synthesis created stably 

loaded nanoparticles from Pluronic F127 block copolymer and D-alpha-

tocopheryl polyethylene glycol 1000 succinate (Vitamin E-TPGS). 

Forming a highly soluble formulation. The formed nanoparticle 

successfully targeted aggressive breast cancer cell lines and reduced cell 

viability (191). In addition, Pluronic F127 micelles were developed to 

incorporate resveratrol. Its ability to kill bacteria was tested on E. coli, S. 

aureus, and Candida albicans. The cytotoxicity was tested on a bladder 

cancer cell line. The results showed that pluronic F127 micellar 

nanostructures significantly improve resveratrol's cytotoxic and 

antibacterial properties of resveratrol (192).The loading of curcumin into 

Pluronic F127 micelles led to improvements in the solubility, stability, 

permeability, and controllability of curcumin's release (193). 

It is important to note that the combinations of resveratrol and 

quercetin or curcumin in pluronic F127 micellar not only reduce the 

cardiotoxicity caused by doxorubicin but also proved to be chemo-

sensitizing combinations (194). Moreover, an increase in oral 

bioavailability of the genistein, poorly water-soluble phytoestrogen, was 

observed in rats when the chemical was provided as a loaded substance 

within Pluronic F127 micelles (195). Thus the Pluronic F-127 micelle is an 
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interesting candidate for use as a medication delivery tool in the research 

and development of delivery systems for less soluble phytochemicals. 

1-4-2. Nanoformulation-based berberine delivery: 

Nanotechnology-based methods of drug delivery have been in use 

for almost a decade, and nanoformulations containing Ber have been shown 

to be an effective therapy strategy for a wide range of conditions (196).  

Polymeric materials have been utilized in Ber delivery. Natural 

polymers such as dextran, chitosan, and synthetic polymers such as 

polylactide glycolic acid (PLGA) nanoparticles have been utilized in Ber 

delivery (197). Dextran was used to encapsulate Ber, aliphatic hydrocarbon 

chains were added to amphiphilic dextran in order to encapsulate Ber. Its 

effect on diabetes was evaluated in rat hepatocytes. Compared to free Ber, 

these nanoparticles decreased Bcl-2 protein, which is an anti-apoptotic 

protein, and ROS production significantly(198).  

Polymeric micelles are a remarkable delivery strategy for substances 

that have a low degree of solubility. Micelles for Ber encapsulation were 

produced by using 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N- 

[methoxy(polyethyleneglycol)-2000] coupled with d-tocopheryl 

polyethylene glycol 1000 succinate [ TPGS]. These micelles were then 

used to increase the delivery of Ber to tumors. Ber was more soluble in 

water, and the produced micelles were particularly stable, safe, and they 

released Ber in a controlled released fashion. These loaded micelles were 

cytotoxic to human prostate carcinoma cells and caused them to undergo 

apoptosis. This is because TPGS remarkably improves Ber's ability to 

internalize treated cells and it enables the block of P-gp efflux pumps, thus 

eliminating the barrier that prevents drugs from working (199).  

Liposomes as nano-delivery carriers were also used to improve Ber 

pharmacokinetic issues. The antileishmanial activity of the Ber was 
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significantly increased after the delivery of liposomal Ber ; however, their 

clearance remained high (200).  

Ber can be delivered to solid tumors by bioengineered gold 

nanoparticles. yielding a high Ber loading capacity (86%) (201).  

1-5. Research Problem: 

Dox's propensity for heart problems poses a significant barrier to its 

clinical application (202). Hence, it is imperative to discover a strategy for 

reducing the cardiotoxic effects of Dox while concurrently enhancing the 

drug's anticancer effectiveness. Numerous in vitro and animal studies have 

indicated that Ber may possess the ability to protect cardiac tissues against 

damage caused by Dox(14). Additionally, other investigations have 

observed its potential anticancer properties (79). In order to maximize Ber's 

therapeutic potential, it is necessary to resolve problems with solubility and 

bioavailability by creating effective dosage forms or implementing novel 

drug delivery techniques. 

1-6. Research Hypothesis: 

Given the hydrophobic nature of Ber, we hypothesize that it could be 

incorporated within the hydrophobic core of Pluronic F127 micelles via 

hydrophobic interactions, thereby improving its solubility, stability, and 

cellular permeability. The generated micelles have the potential to be 

delivered concurrently with Dox to be used as a promising cardioprotective 

strategy by enhancing the cardioprotective activity of Ber against DIC by 

reducing oxidative stress and mitigating inflammation and apoptosis that 

are commonly associated with Dox therapy. In addition, the combined 

treatment of Ber loaded into Pluronic F127 micelles with Dox will not only 

minimize the cardiotoxicity caused by Dox but also serve as a novel 

approach for tumor therapy. 
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1-7. Aim of the study:  

The objectives of the present study include: 

1-Preperation and characterization of Ber loaded physically entrapped 

Pluronics F127 micelles. 

2- Assessment of in-vitro release of Ber from prepared micelles. 

3- Evaluation of mBer toxicity and biocompatibility via an in vitro 

hemolysis assay 

4- Determination of in vitro cytotoxicity of the mBer utilizing 

cardiomyocytes and ovarian cancer cell lines as research models 

5- Assessment of the cardioprotective effect of Ber with respect to the 

concentration of Dox seen in human plasma following the administration of 

therapeutic doses of Dox. 

 

 

 

 

 

 

 

 

 

 

 

 

 



  
 

  

 

 
 
 
 
 
 
 
 
 
 

Chapter Two 
 
 

Materials and 
Methods



Chapter two    Materials and Methods 
 
 

33 
 

 

2-1. Material: 

2-1-1. Instruments and equipment used in the experiments: 

Table 2-1:The types and sources of laboratory instruments-equipment 

used in the experiments.  

List Instruments and equipment Manufacturer Origin 

1 Sensitive balance Memmert Germany 

2 Ultrasonic Homogenizer Sonicator Yuchengtech China 

3 Round-bottom flasks Quickfit 
United 

Kingdom 

4 Rotary evaporator Labtech Korea 

5 vacuum drying oven LabsNova China 

6 0.22µm nylon filter. 
Thermo Fisher 

Scientific 
USA 

7  Zetasizer-3000 instrument 
Malvern 

Instruments 

United 

Kingdom 

8 TEM-100CX electron microscope JEOL Japan 

9 Nicolet 6700 FT-IR Spectrometer 
Thermo Fisher 

Scientific 
USA 

10 X-ray diffractometer Bruker USA 

11 Uv-visible Spectrophotometer Sunny Japan 

12 pH meter Hanna Korea 

13 Water bath Termaks Korea 

14 Dialysis cassettes 
Thermo Fisher 

Scientific 
USA 

15 96 Well Cell culture plates 
Thermo Fisher 

Scientific 
USA 

16 Deep Freezer HMG India 



Chapter two    Materials and Methods 
 
 

34 
 

List Instruments and equipment Manufacturer Origin 

17 Centrifuge Eppendorf Germany 

18 Microscope slides Biomark Canada 

19 cover slip pearl China 

20 ELISA reader 
Micro Lab 

Instruments 
    India 

21 ELISA washer 
Micro Lab 

Instruments 
India 

22 CO2 incubator Vtech India 

23 Cold centrifuge Eppendorf Germany 

24 Eppendorf tubes Sigma-Aldrich USA 

25 Incubator Memmert Germany 

28 Light microscope Olympus Japan 

29 Micropipettes Eppendorf Germany 

30 a GloMax® microplate reader Promega USA 

 31 Cold centrifuge Eppendorf Germany 

 

 

2-1-2. Names of Material and Chemical Solution: 

  Table 2-2: Material and Chemical Solution utilized in the 

experiments. 

 

List 

 

Name of Material and 

Chemical Solution  

Manufacturer Origin 

1 Berberine hydrochloride Sigma-Aldrich USA 

2 Pluronic F127 BASF USA 

3 Doxorubicin Hydrochloride Sigma-Aldrich USA 
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List 

 

Name of Material and 

Chemical Solution  

Manufacturer Origin 

4 Dimethyl sulfoxide (DMSO) Sigma-Aldrich USA 

5 Defibrinated rabbit blood 
Thermo Fisher 

Science 
USA 

6 Penicillin-Streptomycin Sigma-Aldrich USA 

7 Fetal Bovine Serum Sigma-Aldrich USA 

8 Amphotericin B Sigma-Aldrich USA 

9 Sodium pyruvate Sigma-Aldrich USA 

10 Glutamine Solution Sigma-Aldrich USA 

11 

Dulbecco's Modified Eagle 

Medium (DMEM) 

 

Capricorn Scientific Germany 

12 Sodium bicarbonate BDH chemical Ltd England 

13 Trypsin-EDTA solution Sigma-Aldrich USA 

14 Methanol Sigma-Aldrich USA 

15 Phosphate Buffer (PBS) Elabscience China 

16 Ethanol Sigma-Aldrich USA 

17 H9c2 cell line ATCC USA 

18 SKOV-3 cell line ATCC USA 

19 Glycine Sigma-Aldrich USA 

20 MTT Cell Growth Assay Kit Sigma-Aldrich USA 

21 
CyQUANT™ LDH Cytotoxicity 

Assay 

Thermo Fisher 

Scientific 
USA 

23 
Rat CKMB(Creatine Kinase MB 

Isoenzyme) ELISA Kit 
Elabscience China 

24 Rat TNNI3/cTn-I(Troponin I Type Elabscience China 
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List 

 

Name of Material and 

Chemical Solution  

Manufacturer Origin 

3, Cardiac) ELISA Kit 

25 MDA Content Assay Kit Sunlong Biotech China 

26 
Reduced Glutathione (GSH) 

Assay Kit (Colorimetric) 
Sigma-Aldrich USA 

27 Catalase(CAT) Activity Assay Kit Sunlong Biotech China 

28 
Superoxide Dismutase(SOD) 

Activity Assay Kit 
Sunlong Biotech China 

29 Rat IL-1β ELISA Kit 
Beyotime Institute 

of Biotechnology 
China 

30 Rat IL-6 ELISA Kit 
Beyotime Institute 

of Biotechnology 
China 

31 Caspase-Glo® 3/7 Assay System Promega USA 

 

2-2. Preparation of Ber-loaded micelles: Ber in pluronic F127 micelles 

(mBer) was prepared by a slight modification of the thin film hydration 

method (203). In order to get better encapsulation efficiency of the mBer, 

we prepared different micelle compositions by using different weights of 

Ber (1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 mg), while the other conditions in the 

micelle preparation are fixed. Shortly, a fixed amount of pluronic F127 

(100 mg) and one of the variable weights of Ber mentioned above were 

both dissolved in 20 mL of methanol (99% purity) in rounded bottom flask, 

followed by sonication until complete dissolve. Next, to remove alcohol, 

the flask was placed on a rotary evaporator (45 °C) for a few min until a 

homogenous film was formed. In order to enhance the elimination of any 

remaining alcohol, the resulting film was subjected to an overnight vacuum 
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drying process at ambient temperature. Subsequently, the film was 

subjected to rehydration using 30 mL of deionized water at a temperature 

of 37°C for a duration of 1 hour, accompanied by gentle agitation. This was 

followed by a period of mild sonication lasting 2 minutes. To remove 

undissolved agents or contaminants, the resultant micellar solution was 

filtered through a 0.22µm nylon filter. 

2-3. Characterization of Ber-loaded micelles: 

 The characterization study was conducted at the Research Institute for 

Biotechnology and Bioengineering, Isfahan University of Technology, 

Isfahan, Iran. 

2-3-1. Assessment of the drug loading content and the retention 

efficiency: 

The Ber encapsulated within polymeric micelles had to be extracted first 

with 100% ethanol, and then the concentrations were measured using an 

UV-vis spectrophotometer set to 350 nm. Standard solutions of Ber 

dissolved in 100% ethanol at concentrations ranging from 1 to 10 mg/mL 

were used to calibrate the content determination method. Freshly prepared 

mBer was assessed to determine the initial drug loading capacity and 

retention efficiency of the micelle. The data was recorded as four 

replicates. The retention efficiency (RE) and the drug loading content (DL) 

were determined using the following formulas (180):  

      RE (%) =   mass of drug loaded in micelles       × 100       

                       mass of drug initially added            

      DL (%) =   mass of the drug loaded in micelles         × 100        

                       mass of the feeding polymers and drug  
2-3-2. Determination of micelle zeta potential, particle size, and 

polydispersity index: 

They were assessed based on a method referred to as dynamic light 

scattering (DLS). The formulations of the tested samples were initially 
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diluted with deionized water in order to achieve a final concentration of 

F127 at 200 µg/mL, and the pH was 6.8. The examined samples were 

thereafter positioned inside the electrophoretic cell of the Zetasizer-3000 

instrument. The equilibration of the instrument was done at room 

temperature for 2 min, then the He-Ne laser was fixed at 90° and adjusted 

at 633nm (204). The mean values of the zeta potential, which is a 

parameter that assesses the electrochemical equilibrium at the interface 

between a particle and a liquid, were estimated. It allows for the evaluation 

of nanoparticles' surface charge and predicts the physical stability of 

particles in dispersion systems and their tendency to interact with other 

molecules as it measures the magnitude of electrostatic repulsion or 

attraction between particles (205). The hydrodynamic size of the particles 

and the polydispersity index (PDI) were also measured. All the 

measurements were conducted on four replicates.  

2-3-3. Morphological analysis of the created micelle by transmission 

electron microscopy(TEM): 

TEM was employed to look into the formulation's morphology. The 

micelles were imaged using a JEM-100CX electron microscope (203).  

2-3-4. Fourier transform infrared spectroscopy: 

To assess the state of Ber inside polymeric micelles. The infrared 

spectrograms were obtained by employing the Nicolet 6700 FT-IR 

spectrometer, utilizing the KBr technique, within the spectral range of 

4000–400 cm−1. FTIR spectra of Ber, mBer, and the corresponding void 

micelles were acquired at ambient temperature (203).  

2-3.5. X-ray diffraction: 

Diffraction patterns of Ber, mBer, and corresponding empty blank micelles 

were recorded using an X-ray diffractometer (XRD). The conditions of the 

analysis were set as follows: voltage 40 kV, current 30 mA, and diffraction 

patterns were collected with 2 θ  at an angle range of 5–70°(206).  
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2-4. Assessment of in vitro release of Ber from prepared micelles: 

The evaluation of Ber release from loaded micelles was conducted in pH 

7.4 conditions in order to simulate physiological circumstances. A 

predetermined quantity of mBer was evenly distributed into a 4 mL 

solution of phosphate-buffered saline (PBS). Subsequently, a volume of 2 

mL of mBer was introduced into a dialysis cassette possessing a molecular 

weight of 14,000 Da to ensure that both free Ber and the free polymer were 

diffused out of the cassette. Next, both ends of the bag were sealed and 

then immersed in 50 mL of PBS (pH 7.4). The samples were maintained at 

37 °C and shaken at 100 rpm. At the appropriate intervals (0, 0.5, 1, 2, 3, 6, 

10, 12, 24, and 48 h), a volume of 100 µL was taken out of the release 

medium. Subsequently, an equivalent volume of fresh medium was 

introduced into the release medium. UV-visible spectrophotometry was 

employed to determine the concentration of Ber in each sample 

2-5. Evaluation of micelles' toxicity via in vitro hemolysis assay: 

A hemolysis test was performed on empty micelles, free Ber, and mBer 

samples. The micelles' toxicity was measured based on the principle of 

hemoglobin release from erythrocytes, as previously reported (199,207). 

The defibrinated blood of a rabbit was diluted tenfold with PBS and 

subsequently, the sample was subjected to centrifugation at a speed of 

2,000 (rpm) for a duration of 15 minutes. The supernatant was removed, 

and the precipitate was rinsed thrice using a PBS. Subsequently, it was 

centrifuged for 15 minutes at a speed of 2,000 (rpm). To achieve a 

concentration of 2% (v/v percent) in the blood cell mixture, 50 microliters 

of the samples to be tested were mixed with 500 microliters of blood cells. 

The resulting suspensions were then incubated at a temperature of 37°C for 

a duration of 3 hours, simulating a physiologically appropriate dilution 

setting for intravenous injection (with a concentration of 1µM of Ber). As a 

negative control for this experiment, red blood cells suspended in 
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physiological saline (0.9% sodium chloride) indicated no hemolysis, but 

erythrocytes suspended in deionized water produced 100% hemolysis and 

were considered a positive control. The following equation was used to 

calculate the hemolysis percentage (199):  

Hemolysis percentage= [Test sample absorbance -Negative control 

absorbance]/ [Positive control absorbance -Negative control absorbance] 

* 100. 

2-6. Tissue culture: In flat bottom 96-well cell tissue culture plates, H9c2 

rat embryonic cardiomyoblast cell line (ATCC® CRL-1446™), and SKOV-

3 Human Caucasian Ovarian Adenocarcinoma cell line (ATCC® HTB-

77™) were cultured separately in Dulbecco's modified eagle medium 

(DMEM) which was supplemented with 10% fetal bovine serum (FBS), 

1% of penicillin 10,000 international unit and 10 mg streptomycin, and 25 

µg amphotericin B. For maintenance, 1 mM sodium pyruvate and 2 mM 

glutamine were also added to culture media. The cultured cells were 

incubated at 37°C in an air atmosphere with 5% CO2 for 24 h after being 

seeded into each well at a density of 5.0 × 103 cells per well and the cellular 

attachment to the well bottom was achieved. The workplace is the Iraqi 

Center for Cancer Research and Medical Genetics. 

2-7. Cell culture viability assay, and IC50 calculation 

2-7-1. Experimental groups: Both types of cell lines were subdivided into 

seven treated groups according to the received treatment.   Experimental 

groups were treated separately with 1 μL of Dimethyl sulfoxide (DMSO) 

and contained various serial concentration dilutions of either: free Ber, 

Berberine‑loaded Pluronic F127 Micelles (mBer), Dox, Bre-Dox, or mBer-

Dox combination, at a constant molar ratio of 1:1, and void nanomicelles. 

Another set of cells that serve as the solvent control were treated only with 

PBS containing 0.5% DMSO. All the wells had a 0.5% final concentration 
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of DMSO.  Concentrations of Ber or mBer used were varied from 25 – 

1600 µM and 2.5-40 µM in H9c2 cells and SKOV-3 cells respectively. 

 Dox concentration varied from 0. 125 – 8 µM and 0.0125-0.6 µM in H9C2 

cells and SKOV-3 cells respectively. Ber-Dox and mBer-Dox 

concentrations were ranged from 0.125 – 8 µM and 0.0125– 0.6 µM in 

H9c2 cells and SKOV-3 cells respectively, and for void micelles were 

ranged from 2.5 -1600 µM in both cell lines. After the treatment, the plates 

were incubated for another 48 hours, and the MTT assay was performed to 

determine the level of cell viability. 

2-7-2. MTT assay: The Colorimetric 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) test was used to evaluate cells 

viability based on their metabolic activity. Normal viable cells have 

NAD(P)H-dependent cellular oxidoreductase enzymes, mainly located in 

the mitochondria and other organelles such as endoplasmic reticulum, 

which can reduce a yellow tetrazolium salt into insoluble purple crystal 

compound called formazan. The resultant formazan crystals can be 

solubilized by adding DMSO, resulting in a colored soluble solution that 

can be quantified by measuring the absorbance using a microplate reader. 

The number of viable cells is proportional to the rate of tetrazolium 

reduction (208). 

 The assay was performed by adding 10 μl of the MTT reagent of 5 mg/mL 

to each well containing cultured cells and the cells were incubated further 

under the same conditions for 4 h. Next, the supernatant will be removed 

using multichannel pipette followed by adding 150 µL of DMSO and 25 μl 

of glycine to each well with well mixing to lyse the cells and ensure 

complete solubilization of the formazan crystals. Using a microplate 

(ELISA) reader, the 492 nm absorbance of tested cells and control cells 

was used to assess the relative proportion of inhibited cells, assuming 
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100% survival from the vehicle-only control. The percentage inhibition of 

treated cells was estimated using the following formula: 

Percentage of Inhibited Cells = 100 - (Treated Cells Absorbance / 

untreated Cells Absorbance) x100 

The half-maximal inhibitory concentration (IC50), which shows the dose 

required to produce a 50% inhibition of cellular viability, was calculated 

for each drug alone or in combination. The results of the experiment were 

produced by plotting the measured absorbance after various treatments 

against the different concentrations of the test substances using the linear 

regression analysis. The quadruplicate was performed for all concentrations 

in all treated groups. 

2-7-3. Combination index (CI) calculation: At the same concentrations 

used in the experimental groups for the calculation of the inhibitory 

concentrations and IC50 for Ber, Dox, Ber-Dox, and mBer-Dox utilizing 

the MTT test, fractions of affected cells (fa) vs. combination index (CI) 

graphs for Ber and Dox in combination in two different cell lines, H9c2 

and SKOV-3, were also constructed utilizing CI analysis (209,210). 

CalcuSyn software (version 2, New jersey, USA) was used to analyze the 

CI equation algorithms. The CI can be estimated for different fractions of 

affected cells (Fa). The benefit of showing CI versus Fa is that it displays 

the interaction between Dox and Ber in combination at all affected cell 

levels (1 to 99%). 

We got the CI equation for the two drugs as follows: 

CI = (Ber1/BerX) + (Dox1/DoxX) 

where Ber1 and Dox1 stand for concentrations of Ber and Dox alone, 

respectively, to exert a certain effect. BerX and DoxX display the 

concentrations of Ber and Dox respectively in the combination that has the 

same effect.  
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When the CI is 1, there is additive interaction; when it is <1, there is 

synergy; and when it is >1, there is antagonism (209). 

We used the same principle to figure out how Dox and mBer interact in the 

two different cell lines by calculating the CI value and comparing it to how 

Dox and free Ber interact. 

For each H9c2 and SKOV-3 cell line, we generated a plot of mean CI 

versus fa data that is representative of four replicates. 

2-8. Evaluation of the cardioprotective effect of mBer on H9c2 cells 

treated with 1 µM Dox: 

2-8-1. Experimental groups:  

H9c2 cells were subdivided into seven treated groups based on the received 

treatment, and each group was treated separately with 1 µL of 

Dimethylsulfoxide (DMSO) at a final concentration of 0.5% in each well. 

In this study, the experimental groups included the control group, Ber-

treated group, berberine-loaded pluronic F127 micelles (mBer)-treated 

group, Dox-treated group, Ber-Dox combination, and mBer-Dox 

combination-treated groups at 1:1 molar ratio, as well as the void F127 

micelles-treated group (Em). All groups received treatment and were 

subsequently incubated for 48 hours. The treatment with the 1 µM 

concentration of Ber or mBer and the 1 µM cardiotoxic concentration of 

Dox was followed as a treatment regime for the next set of experiments in 

this study. 

2-8-2. Evaluation the effect of mBer on the viability of H9c2 cells 

treated with Dox: 

In order to evaluate the preventive efficacy of Ber or mBer against DIC, the 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) 

assay was utilized to determine the viability of cells., which was performed 

in quadruplicate. MTT assay works on the basis that only living cells, 

owing to their active metabolism, can transform MTT into purple 
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formazan, which has the highest absorbance at 492 nm. The quantity of the 

formed formazan is quantified spectrophotometrically, and it is directly 

correlated with cell viability (208). Briefly, the assay was conducted by 

adding 10 µL of a 5 mg/ml MTT reagent to each well containing cultured 

cells, followed by a 4 hours’ incubation under similar conditions. After 

removing the supernatant with a multichannel pipette, the cells were lysed, 

and formazan crystals were fully solubilized by adding 150 µl of DMSO 

and 25 µl of glycine to each well with good mixing. A microplate (ELISA) 

reader was used to compare the absorbance at 492 nm between test and 

control cells in order to determine the percentage of cells that were 

inhibited, assuming that control cells treated with vehicle alone would have 

a survival rate of 100%. The following formulas was used to estimate 

treated cells' percentage inhibition: 

Percentage of Inhibited Cells = 100 - (Absorbance of Treated Cells / 

Absorbance of untreated Cells) x 100 

Percentage of Cell viability =100 - Percentage of Inhibited Cells 

2-8-3. Estimation of cardiomyocytes toxicity: 

 2-8-3-1. Measurement of lactate dehydrogenase (LDH): 

The leakage of LDH from the H9c2 cells was used to determine the 

cytotoxicity. After the cells were treated and incubated for 48 hours, the 

culture media was collected, the levels of LDH in a cell culture medium 

were measured with the use of a LDH activity colorimetric assay kit 

purchased from Thermo Fischer Scientific, USA (Cat. NO.: C20300). In 

accordance with the guidelines provided by the manufacturer, the reaction 

mixture was distributed evenly among the wells in the plate, which was 

then incubated for 0.5 h at 25 °C followed by adding 50 µL of stop 

solution, an ultraviolet spectrophotometer was used to measure the 

absorbance at both 490 nm and 680 nm after the addition of stop solution. 

The determination of LDH activity involved subtracting the value of 
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absorbance measured at 680 nm (background signal) from the value of 

absorbance at 490 nm. 

2-8-3-2. Determination of creatine kinase myocardial band(CK-MB): 

 CK-MB levels were calculated in the culture medium used to grow the 

cells utilizing ELISA Kit specific for this enzyme in rats purchased from 

Elabscience, China (Cat. NO.: E-EL-R1327). The samples were 

centrifuged for 20 minutes at 1000g at 4°C, and the supernatant was 

collected for analysis. According to the manufacturer's guidelines, samples 

from the culture media or standards were added to the kit's micro ELISA 

plate, which had already been coated with specific CK-MB antibody. The 

plate was then incubated at 37°C with biotinylated antibody specific to this 

antibody and avidin-horseradish peroxidase (HRP) were added 

successively to the plate and incubated at 37°C. After washing the 

unconjugated components, the substrate solution was added to each well. 

Only in wells containing rat CK-MB, a biotinylated detection antibody, and 

an Avidin-HRP conjugate was the reaction started, and the fluid color in 

the well turned blue. Next, the reaction became stopped by the addition of 

the stop solution. At absorption of 450 nm, the optical density which is 

corresponding to the concentration of CK-MB was determined 

spectrophotometrically. By comparing the absorbance of the samples to the 

standard curve (Figure 2-1), it was possible to compute the concentration of 

Rat CKMB in the test samples. 



Chapter two    Materials and Methods 
 
 

46 
 

 
Figure 2-1: The standard curve of CK-MB 

 

 

2-8-3-3. Determination of Cardiac Troponin I (cTn-I) release: 

cTn-I was estimated in the cell culture supernatant utilizing ELISA Kit 

specific for this enzyme in rats purchased from Elabscience, China (Cat. 

NO.: E-EL-R1253). The cell culture supernatant samples were centrifuged 

for 20 minutes at 1000g at 2-8°C. The wells were filled with 100μL of 

standard or sample and then incubated at 37 °C for 90 minutes. After 

discarding the liquid, each well received 100µL of Biotinylated detection 

antibody working solution and was incubated at 37 °C for 60 minutes. 

After aspiration, the plate was rinsed three times. The fluid was aspirated 

and the plate rinsed five times after the addition of 100μL of HRP 

conjugate working solution and incubation at 37°C for 30 

minutes. Following the addition of 90μL of Substrate Reagent and 15 

minutes of incubation at 37 °C, 50μLof stop solution was added. The plate 

was quickly read at 450 nm so that the results could be calculated.  
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Figure 2-2: The standard curve of cTn-I 

 

2-8-4. Evaluation of oxidative stress status 

2-8-4-1. Measurement of malondialdehyde (MDA)level: 

MDA levels were used as indicative of lipid peroxidation. MDA 

concentration (nmol/mg protein) was determined colorimetrically based on 

its reaction with thiobarbituric acid using the MDA Content Assay Kit 

(Sunlong Biotech Co., China, Cat. No.: AK0662-50T-48S) and measuring 

absorbance at 532 nm (211). 

2-8-4-2. Assessment of Reduced glutathione (GSH) level: 

GSH is an important antioxidant involved in the elimination of toxic 

compounds, such as free radicals. Using the GSH Assay Kit (Sigma-

Aldrich Co., USA, Cat. No.:MAK364), the GSH concentration was 

determined colorimetrically via an enzymatic cycling approach in the 

presence of GSH and a chromophore. Reducing the chromophore produces 

a stable product that can be measured at 450 nm to determine the GSH 

quantity in the sample (212). 
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2-8-4-3. Evaluation of catalase (CAT) activity: 

CAT is a ubiquitous enzyme that acts as the primary catalyst for the 

degradation of hydrogen peroxide (H2O2). At a wavelength of 240 nm, 

H2O2 displays a prominent absorption peak. Due to the decomposition of 

water and oxygen facilitated by CAT, the absorbance of the reagent at 240 

nm is observed to decrease. CAT activity was quantified in accordance 

with the manufacturer's instructions (Sunlong Biotech Co., China, Cat.No. 

AK0580) (213). 

2-8-4-4. Determination of Superoxide dismutase (SOD) activity: 

SOD is a crucial antioxidant enzyme that transforms the superoxide radical 

into oxygen molecules and hydrogen peroxide. In accordance with the 

manufacturer's guidelines (Sunlong Biotech Co., China, Cat. No.: 

AK0584), the SOD activity was measured using spectrophotometry, and 

the absorbance was at 560 nm (214). 

2-8-5. Measurement of some pro-inflammatory cytokines levels: 

The level of some inflammatory cytokines including interleukin-1β (IL-1β) 

and interleukin-6 (IL-6) was determined in cells culture supernatant using 

specific ELISA kits purchased from Beyotime Institute of Biotechnology, 

China (Cat. NO.: PI303 and. PI328 for IL-1β and IL-6 respectively). The 

samples were centrifuged for 20 minutes at 1000g and 4°C to obtain the 

supernatant from the cell cultures. Quantitative measurement of the desired 

interleukins was performed by reading absorbance at 450 nm in a 

microplate reader after the ELISA stages had been processed per the 

manufacturer's guidelines. The signal detected is proportional to 

concentration of targeted interleukins in the samples. 
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Figure 2-3: The standard curve of IL-1β 

 
Figure 2-4: The standard curve of IL-6 

 

2-8-6. Assessment of Caspase-3/7 activity: 

H9c2 cells were seeded in opaque 96-well cell culture plates and treated in 

the same manner as in the viability analysis test in cultured cells. Based on 

the manufacturer's instructions. After 48 hours’ post-treatment, 100 µL of 

the Caspase-Glo® 3/7 reagent (Promega, USA, Cat. No.: G8090) was 

applied to each well at a volume ratio of 1:1. Next, the samples were left at 
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25°C for 3 hours before the luminescence was measured using a GloMax® 

microplate reader to estimate the caspase 3/7 activity. The workplace is the 

Research Institute for Biotechnology and Bioengineering, Isfahan 

University of Technology, Isfahan, Iran. 

2-9. Statistical analysis: 

The present study employed a one-way analysis of variance (ANOVA) to 

analyze the data, which were assumed to follow a normal distribution. 

Subsequently, the least significant differences (LSD) test was conducted as 

a post hoc analysis to ascertain any statistically significant differences. The 

statistical software SPSS package, specifically version 29, was utilized for 

the analysis. A significance level of P <0.05 was employed to determine 

statistical significance (215). 
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3-1. Drug loading and retention efficiency:  

Ber was intended to be encapsulated within a pluronic F127 micelle to enhance 

its delivery. The results indicated that Ber was successfully loaded into 

Pluoronic F127 micelles. The feeding weight of Ber can influence the drug 

loading (DL) and retention efficiency (RE) of micelles. Consequently, for 

maximum encapsulation efficiency of Ber, we investigated the effects of 

varying Ber feeding weights on loading efficiency, while other variables, such 

as temperature, pH, and solvent type, remained constant during the creation of 

micelles. As the amount of Ber utilized in the preparation rose from 1 mg to 10 

mg, the DL increased from 2.2±0.24 % to 5.3±0.25 % (Figure 3-1), but the RE 

of the micelles considerably dropped as a result of this change (Figure 3-2). 
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 Figure 3-1: The relationship between the amount of initially loaded Ber and the 

loading capacity (%) of the created mBer. Data presented as mean± SD; n = 4. 
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Figure 3-2: Effect of different amounts of loaded Ber on the retention capacity (%)of 

the created mBer. Data presented as mean± SD; n = 4. 

To top it all off, when the feeding Ber weight was 7 mg, the RE 

achieved its maximum value of 85± 2.6% (Figure 3-2). Micelle 

formulations exhibited an increase in DL but a reduction in RE in response 

to increasing Ber feeding (Table 1). The concentration of 7 mg of Ber was 

chosen as a suitable amount for making mBer in subsequent experiments. 
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Table 3-1: The retention efficiency and loading capacity percentages of mBer. The 

values indicate the mean ± SD; n = 4. 

Weight of feeding 

Ber(mg) 

Loading 

efficiency(%) 

Retention efficiency(%) 

1 2.2± 0.24 62±2.8 

2 2.5 ± 0.25 70±2.6 

3 3.0±0.21 74±2.8 

4 3.4±0.21 76±2.5 

5 4.1±0.22 79±3.0 

6 4.7±0.26 81±2.5 

7 5.1±0.27 85±2.6 

8 5.3±0.24 68±2.9 

9 5.3±0.26 57±2.4 

10 5.2±0.25 48±2.6 

 

The thin film hydration technique was used to create mBer in this study. 

According to the findings of this study, the observed pattern of increasing DL 

but decreasing RE with increasing Ber addition during micelle formulations 

may be due to the saturation of the hydrophobic micelle core with Ber during 

micelle production. This finding is consistent with what was believed to occur 

when creating a different type of polymeric micelle, where the core was so 

saturated with drug molecules that precipitation of these molecules could occur 

on the exterior of the micelle (216).  

3-2. Size and Zeta potential of micelles under hydrodynamic conditions: 

       DLS was used to measure the mean hydrodynamic particle size, size 

distribution, and zeta potential of the created micelles. The hydrodynamic size 

of the produced mBer was around 82.2±10.3 nm. The mBer size distribution 

closely resembles a normal distribution, as depicted in figure 3-3. This result 
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suggests that the predicted formation of monodisperse nanoscale micelles has 

occurred. The PDI value in the created mBer was 0.176±0.029, indicating that 

the created micelles had a relatively confined size distribution. The zeta 

potential of a micelle dispersion system is a crucial characteristic for predicting 

its physical storage stability as well as measuring particle aggregation 

tendency. Following what is depicted in figure 3-4, the micelles that had been 

loaded with Ber had a zeta potential of -47.4±0.19 mV.  

     

Figure 3-3: Hydrodynamic particle size (nm) and distribution of mBer as measured by 

DLS. 
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Figure 3-4: Zeta potential (mV) of the mBer. Data presented as mean± SD. n = 4. 

A dimensionless number, PDI, expresses the particle size distribution in 

the system under study. The closer the polydispersity value approaches zero, 

the more uniform the particle population. (217). The created micelles in this 

study had PDI values of less than 0.3, indicating that the measured micelles 

possessed a narrow size distribution (218). The zeta potential is a commonly 

employed metric for assessing and forecasting the physical stability of particle 

dispersion systems. A zeta potential exceeding |20| mV generates electrostatic 

repulsive energy that impedes particle aggregation and growth (219). As 

evidenced by the measured zeta potential value, the analysis conducted in this 

study indicates a low probability of aggregation and particle growth for the 

created mBer. 

3-3. Analysis of morphological characteristics with TEM: 

The mBer solution visually appeared transparent and yellowish (figure 

3-5a). TEM results showed the formed micelles loaded with Ber have a 

moderately uniform particle size with an average of 10.26±0.13 nm (Figure 3-
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5b). Our results exhibited a polydispersed, spherical morphology of mBer 

similar to grains and Upon closer inspection of the TEM image, it became clear 

that these micelles had both bright and dark regions (Figures 3-5c and 3-5d).    

Figure 3-5: Morphological Characteristics of mBer: a) photographic images of mBer; b) 

particle size distribution of mBer measured by TEM; c) TEM image of the mBer 

formulation (bar = 200 nm); and d) TEM micrograph of the mBer formulation (bar = 50 

nm).

The majority of the pluronic polymer micelles created in this study were 

found to have spherical morphological characteristics, which is in accordance 

with the previous reports (220,221). TEM images of the produced micelles 

displayed bright and dark regions. The PEO block of the pluronic copolymers 
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may be responsible for the light regions, while the Ber-loaded hydrophobic 

interior of the PPO chains may be responsible for the dark regions. The average 

particle size of the mBer we made, as measured by DLS or TEM, shows clear 

differences between the two methods, but it can be used to show that the 

micelles we made were small enough to pass through the cell membranes. In 

light of the literature review to date, it is evident that the optimal nanoparticle 

size is approximately less than 100 nm. At this size, the particle could pass 

through cellular barriers such as the blood-brain barrier, where smaller particles 

are believed to penetrate deeper into tissue layers (222). The micelle size is 

inversely proportional to the interface area; therefore, small micelles increase 

the contact area with the body's targets, delivering a sufficient quantity of 

loaded drug due to the high ratio of surface area that comes into contact with 

nanoparticles (223). Also, the small size of nanoparticles prevents quick 

clearing via the lymphatic system, where it has been demonstrated that 

particulates 200 nm or larger tend to activate the lymphatic system and are 

quickly removed from circulation (224,225).  

It is important to note that there is a difference in the nanoparticle size 

reported from DLS and TEM images. Size estimation by TEM, which is a 

number-based observation, requires the examination of a sample in its dry 

state, whereas size estimation by DLS, which is an intensity-based observation, 

permits the examination of a sample in its solvated state, where solvent 

molecules will surround a micelle. DLS measures the hydrodynamic size. 

Under the effect of Brownian motion, the hydrodynamic diameter gives 

information about the core of a micelle, any material around it, and the 

molecules of the solvent that interact with a micelle in different ways that don't 

involve covalent bonds. Using TEM to estimate the size of a nanoparticle is 

based on an estimation of the size of the compact particle without the presence 
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of a hydration layer. Consequently, the hydrodynamic diameter measured by 

DLS remains relatively greater than the TEM-estimated size (226).  

3-4. FTIR analysis: 

 The FTIR spectra of mBer were compared to those of blank micelles 

made of Pluronic F127 and free Ber. The results of these comparisons are 

presented in figure 3-6. In the FTIR spectrum, pure Ber can be shown to 

exhibit a variety of distinct absorption bands. The characteristic absorption 

band is typically located at 1506 cm-1. The blank F127 micelles sample exhibits 

distinctive absorption bands at 2889 cm-1, and 1010 cm-1. The absorption bands 

of Ber-loaded micelles were quite comparable to those of blank micelles, with 

the exception of the Ber-specific peaks. On the basis of these findings, it is 

possible to draw the conclusion that Ber was successfully localized and 

contained within the hydrophobic core of the micellar particle. Interestingly, 

the micelles that had been loaded with Ber did not show any additional peaks 

or variations in the location of the characteristic peak. This demonstrates that 

no new chemical compound was created throughout the procedure. Micelles 

loaded with Ber did not display any new peaks or shifts in the typical peak 

location (Figure 3-6). This is evidence that no new chemical compound was 

produced. 



Chapter Three    Results and Discussion 
 
 

59 
 

 
Figure 3-6: FTIR spectra of Ber, empty pluronic F127 micelles, and 

pluronic F127 micelles loaded with Ber. 

 

The significant absorption peak at 2889 cm-1 that has been seen in the 

FTIR spectra of pluronic F127 has been prominently linked to C–H stretching 

vibrations and 1010 cm-1 has linked to  C-C streching vibration (227). The 

characteristic peak at 1506 cm-1 in Ber has been attributed to furyl group C=C 

bond vibrations (228,229). The resultant mBer spectra show all of the unique 

absorption bands of the polymer and the Ber, albeit with slightly less 

prominent peaks than those seen in the spectra of the pure components. During 

the process of mBer synthesis, there was no discernible peak shift, which 

suggests that no new chemical bonds were formed and that there were only 

some physical interactions that took place between the Ber and the polymer.  
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3-5. X-Ray diffraction (XRD) analysis: 

Ber, pluronic F127, and mBer were examined using XRD in order to 

confirm the physical existence of Ber within the synthesized micelles. The 

results obtained from the XRD spectra are depicted in figure 3-7. Ber 

showed two sharp peaks with maximum intensities at 16.3o and 25.3o, 

while pluronic F127 showed two sharp peaks at 19.1 o and 23.3 o. In 

addition to this, the diffraction patterns of Ber and Ber-loaded micelles 

were completely different from one another.  

To be more specific, the distinct Ber peaks that were previously 

observed in the diffraction patterns of the free Ber are nowhere to be 

detected in the diffraction pattern of the Ber-loaded micelles, revealing that 

Ber had been encapsulated within the polymeric micelles in an amorphous 

form and that there was relatively no free Ber present on the surface of the 

micelles. 
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Figure 3-7: XRD diffractogram patterns for Ber, empty pluronic F127 micelles, 

and Ber-loaded pluronic F127 micelles. 

The two sharp peaks that Ber exhibited in XRD spectra in this study are 

consistent with what has been previously documented about the XRD peaks of 

Ber (203,230). The results of the current XRD characterization study showed 

that micellar formulations have broken up the crystalline structure of Ber, 

leaving behind amorphous particles in the micellar core compartment, and this 

is consistent with reports that Ber molecules were transformed from their 

crystalline state into an amorphous one (203,206). Our study shows that the 

polymer and Ber work well together, and it suggests that pluronic F127 is a 

good carrier for loading Ber. Less crystalline and amorphous substances have 

larger free energies and more solubility capacity than their crystalline 

counterparts (231). Thus, physical modification of Ber may increase its 

solubility and dissolution rates compared to crystalline Ber. Thus, a micellar 
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formulation may improve Ber's solubility and release by modifying its 

crystalline nature. 

3-6. Ber release from micelles in Vitro: 

 At a pH of 7.4, the behavior of mBer's release was studied via in vitro 

testing. This was done to mimic the release that happens in the normal 

physiological environment of the body. Figure 3-8 depicts the shift that occurs 

in the Ber release rate from both the free stock solution of Ber and mBer 

throughout the course of time. Ber was released from polymeric micelles at a 

much slower rate than it was from the free solution. After 3 h, it was 

determined that just 25% of the Ber had been released from the mBer, whereas 

around 50% of the Ber had been found to have been released from the PBS 

solution over the same time period. After 12 h, almost 95% of the Ber had been 

released from the free stock solution, but about 65% of the Ber that had been 

incorporated into the micelles was still there. At a pH of 7.4 and after 24 h, the 

release of the Ber from the free solution was nearly complete, and the amount 

that was released reached over 98%, but only about half of the loaded amount 

of Ber in mBer was released. 
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Figure 3-8: Ber release from Ber stock solution and mBer over 48 h at pH 7.4. Data 

depicted as mean Ber released (%)±SD; n = 4. 

On the basis of in vitro release tests, it would suggest that the micelles 

have the capacity to release Ber from the produced micelles in both burst-

release and sustained-release behaviors. Ber incorporation close to the micellar 

surface or Ber molecules already existing in the microchannels of micelles are 

likely responsible for the initial burst release of Ber from the micelle particles 

(232,233). The sustained-release behavior may result from the hydrophobic Ber 

being stably incorporated into the micelle core and slowly diffusing out of the 

micelles (234). However, we predict that increased blood volume dilution, 

dynamic clearance processes, and plasma protein binding will accelerate 

micelle dissociation in vivo. Previous research has demonstrated that the 

hydrophobic core and kinetic stability of F127 micelles may lengthen the 

circulating times of enclosed molecules (235,236). Since in vitro release 
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kinetics do not necessarily correspond to in vivo circulating times, it is 

reasonable to infer that mBer will circulate in the body for a longer duration 

than free Ber. 

3-7. Toxicity evaluation using in vitro hemolysis: 

A standard hemolysis assay was used to check the compatibility of a 

micelle formulation made for Ber with red blood cells. Free Ber in solution 

increased hemolysis insignificantly (P>0.05) more than the negative control 

(cells were suspended in normal saline), an empty micelle vehicle, and Ber-

loaded micelles, as shown in figure 3-9. Over all, compared to the positive 

control group (cells were incubated with distilled water), the Ber-loaded 

micelles did not cause any obvious hemolysis. The micelles produced were 

clearly very compatible with red blood cells, both on their own and when 

loaded with Ber. 
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Figure 3-9: Hemolysis tests of the created mBer. After incubation of red blood cells with 

different samples include physiological saline as a negative control (-Ve.), empty micelles 

(Em), free Ber (Ber), micellar-loaded berberine (mBer), and distilled water as a positive 

control (+Ve.). Data presented as mean± SD; n = 4. * indicated a statistically significant 

difference (P < 0.05). 

Hemolysis is one of the key indicators of both acute toxicity and compatibility 

issues with new foreign materials. The net surface charge of the particle and 

the chemical composition of the used materials are the main factors affecting 

the incidence of hemolysis (237,238). Blood cells rapidly adsorb to some 

nanoparticles to produce a protein corona that affects their interaction with 

blood components (239). Numerous studies have linked nanoparticle-induced 

coagulopathy to cardiovascular disease. Nanoformualtion can disrupt the 

coagulation system and alter hemostatic equilibrium, causing life-threatening 

disorders such as deep vein thrombosis and intravascular coagulopathy (240). 

Thus, researchers should carefully study the interactions between newly 

created nanoparticles and blood cells. This will improve nanoformulation 

hemocompatibility, simplify clinical studies, and speed up the market 

introduction of new nanoformulation-based products.  

Both on their own and after being loaded with Ber, the micelles that 

were created as an outcome of this experiment showed a high level of 

compatibility with red blood cells. The results of this test suggest that the 

generated mBer can be safely administered via intravenous injection. 

3-8. mBer reduces DOX-mediated cytotoxicity in H9C2 cells: 

On rat's H9c2 cell culture, the potential inhibitory effect of different 

serial concentration dilutions of free Ber, mBer, Dox, Bre-Dox, or mBer-Dox 

combination, and empty F127 micelles was tested and compared with the 

control group of the cell line treated only with PBS containing 0.5% DMSO, 

which is considered the vehicle control group. In the MTT experiment, cell 
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viability was expressed as a percentage of inhibition of treated cells relative to 

untreated control. Treatment of H9c2 cells with free Ber or mBer did not affect 

the viability of cells except after relatively high concentrations for both Ber 

forms (Figure 3-10). As shown in figure 3-11, the inhibitory effect of Dox on 

the viability of H9c2 cells increases as Dox concentration increases. Starting at 

2.85% inhibition at the lowest utilized concentration 0.125 µM and increasing 

to 89% inhibition at the highest tested concentration 8 µM. Combination of Ber 

and Dox considerably mitigated the cytotoxicity of Dox on H9c2 cells (Figure 

3-11). The IC50 values of free and micellar-loaded Ber in H9c2 cells after 48 h 

of incubation were 3565.08±37 µM and 3439.46± 39 µM respectively (Figure 

3-12), indicating that both Ber and mBer are particularly nontoxic to cultured 

cardiomyocytes (H9c2 cells). Empty polymeric micelles alone exhibited no 

cytotoxic to H9c2 cultured cells and that is why it was not shown on the figure 

3-10. 

 Following 48 hours of incubation, the 50% growth inhibition 

concentration (IC50) of Dox in H9c2 cells was 4,42 µM (Figure 3-12). The 

increase in the IC50 of Ber-Dox when compared to the IC50 of Dox (Figure 3-

12) demonstrated that Ber had cardioprotective properties. When the micellar 

form of Ber is used with Dox, the cardioprotective effect of Ber against Dox in 

H9c2 cells is clearly improved. When combined with Dox, mBer is more 

effective and potent at protecting cultured cardiac cells than free Ber (Figure 3-

11), as evidenced by the fact that the IC50 of the combination of mBer and 

Dox was significantly (P <0.05) higher than that of Ber-Dox in combination 

(Figure 3-12). 
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Figure 3-10: The growth inhibition percentage of free Ber and mBer in H9C2 cell line. 

Data presented as mean± SD(µM); n = 4. 

 

 

 
Figure 3-11: A comparison of growth-inhibition percentages of Dox,Ber-Dox, and 

mBer-DoX in H9C2 cell line. Data presented as mean± SD(µM); n = 4.                       
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Figure 3-12: The IC 50 values of Dox,Ber-Dox, and mBer-DoX in H9C2 cell lines. Data 

presented as mean± SD(µM); n = 4. ns: no significant difference p>0.05.* denoted to 

significant differences p<0.05. 

In this experiment, the MTT test was used to find out how effective Ber 

and its micellar form are at protecting the cardiomyocytes in vitro. We found 

that Ber has a cardioprotective effect. Interestingly, the polymeric 

nanoformulation of Ber greatly outperformed the activity of the free Ber, as 

evidenced by the experimental results of this work, which demonstrated that 

Ber loaded micelles treatment with increasing concentrations provided a 

significant protection against Dox. This significant improvement in the 

cardioprotective activity of the polymeric nanoformulation of Ber over the free 
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form of Ber, as measured by the IC50 value on H9c2 cells, can be attributed to 

the advantages of micelles in enhancing the permeability of Ber and the 

cellular retention effect, which permits the release and availability of Ber 

nanoparticles readily in the treated cells. 

3-9. Antagonistic action of mBer and Dox in H9c2 cells: 

The CI was used to figure out how Ber and Dox affect H9c2 cells 

together. The plots of CI vs. all fractions affected (Fa) for Ber-Dox and mBer-

Dox are shown in figure 3-13. Values of CI that are less than 1 indicate 

synergy, while values of CI that are greater than 1 indicate antagonism. Based 

on the data, both the Ber-Dox and mBer-Dox combinations were antagonistic 

(CI > 1) in H9c2 cells (Figure 3-13), but the mBer-Dox combination was more 

antagonistic than the Ber-Dox combination. These data further support Ber's 

antagonistic effect against DIC, and the cardioprotective effect of Ber is 

enhanced when it is loaded in the F127 micelle. 
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Figure 3-13: CI vs Fa plots for the Ber-Dox and mBer-Dox combinations in H9c2 

cells.CI values of 1, 1, and > 1 correspondingly imply synergy, additivity, and antagonism. 

Data presented as mean CI ± SD.(n = 4). 

Ber's antagonistic effect against Dox in H9c2 cells may be a result of this 

compound's free radical scavenging activities and/or interference with cell 

signaling pathways, which leads to the attenuation of Dox-induced damage. It 

was reported that Ber exhibits cardio-protective properties via multiple 

mechanisms, such as minimizing free radical injury, and preventing 

mitochondrial dysregulation (241). In a similar way, Ber protects cultured 

cardiomyocytes from Dox toxicity by lowering SIRT1-induced p66shc 

expression, which reduces the damage caused by Dox(140). 

3-10. Chemosensetizing effect of mBer in SKOV-3 cells: 

To assess the possible inhibitory effects of various concentrations of free 

Ber, mBer, Dox, Bre-Dox, or mBer-Dox combination, and void F127 micelles 

on human SKOV-3 cells, the MTT assay was performed, and the results were 

also represented as a percentage of inhibition relative to the untreated control. 

The results demonstrate that both Dox and Ber reduced cell viability in the 

SKOV-3 cell line in a concentration-dependent manner (Figure 3-14 and 3-15). 

Treatment of SKOV-3 cells with free Ber exhibited dose-dependently 

low cytotoxicity. mBer augments the cytotoxicity of Ber in comparison to its 

free form (Figure 3-14). Micelles devoid of Ber had no effect on SKOV-3 cells. 

Dox's cytotoxicity against SKOV-3 cells is clearly increased when combined 

with Ber. Whereas there is a shift in the potency and efficacy of the 

cytotoxicity against SKOV-3 cells when mBer was used in combination with 

Dox compared to the situation when Ber and Dox were used in combination 

(Figure 3-15). Also, contrary to what was seen in H9c2 cells, when SKOV-3 

cells were treated with both Ber and Dox, the IC50 was significantly (p<0.05) 

lower than when Dox was used alone. This further suggests that Ber makes 
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cancer cells more sensitive to chemotherapy when it is combined with Dox. 

Intriguingly, the micelle form of Ber enhances Ber's chemosensitizing effect on 

SKOV-3 cells, as indicated by a further significant (p<0.05) drop in IC50 value 

(Figure 3-16). 

 
Figure 3-14: A comparison of the growth inhibition percentages of free Ber and mBer 

in SKOV-3 cells. 
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Figure 3-15: Growth-inhibition percentages of Dox, Ber-Dox, and mBer-DoX in 

SKOV-3 cell line. Data presented as mean± SD(µM); n = 4.              

 
Figure 3-16: The IC 50 values of Dox, Ber-Dox, and mBer-DoX in SKOV-3 cell lines. 

Data presented as mean± SD(µM); n = 4. * denoted to significant differences p<0.05. 
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With contrast to the findings observed with H9c2 cells, we found that 

free Ber has an inhibitory effect on SKOV-3 cells. The anticancer properties of 

Ber have been documented and have been attributed to its capacity to remove 

free radicals, induce apoptosis and cell cycle arrest, decrease angiogenesis and 

inflammation, and regulate the activity of several signaling pathways (242). 

The inhibitory effect of Ber on SKOV-3 cells was enhanced when a 

nanoformulation of Ber was utilized. Intriguingly, we also confirmed that Ber 

and Dox work well together in SKOV-3 cell line. This suggests that Ber makes 

SKOV-3 cells more sensitive to chemotherapy when it is combined with a 

highly toxic drug like Dox. The CI index corroborated the IC50 value, 

demonstrating that the synergistic anticancer activity of mBer and Dox was 

improved. One possible explanation is that F127 micelles improve Ber's 

permeability, delivery, and retention inside the cell. Ber, in particular, is 

rapidly effluxed from cells because it is a substrate for P. glycoprotein drug 

efflux transporter(103) .  

Inhibition of the P-glycoprotein by Pluronic F127 micelles has been 

reported (243). These findings suggest that F127 micelles contribute to 

enhanced cellular retention of Ber. One way that both Dox and Ber act as anti-

cancer agents is by inducing apoptosis (244,245).  

3-11. Synergistic action of Ber and Dox in SKOV-3 cells: 

In SKOV-3 cells, both combined treatment showed antagonistic effect 

(CI < 1) only at relatively low concentrations (low fraction effected) which is 

less relevant to clinical therapy, but substantially showed synergistic effect as 

their concentrations increase. The effect of Ber-Dox combination was found to 

be synergistic after a Fa of 0.25, whereas the mBer-Dox co-delivery showed 

synergistic effect earlier after a fa of 0.15.  Notably, after those points, which 

are more relevant to clinical therapy, it was revealed that they both have an 

antagonistic cytotoxic effect. In general, the mBer-Dox combination 
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demonstrates superior cytotoxic synergy in SKOV-3 cells than the Ber-Dox 

combination (Figure 3-17). 

 
Figure 3-17: Ber-Dox and mBer-Dox CI values in SKOV-3. Where values below 1, at 1, 

and above 1 denote synergistic, additive, and antagonistic effects, respectively. Data 

presented as mean CI ± SD. (n = 4). 

 

Based on the idea of "independent similar action”, which is a situation in 

which the combined effect of two drugs is equivalent to the greater of their 

individual effects (246), this seems to be the case. Thus, the combination of 

Dox and Ber may have a synergistic anti-cancer effect. We showed that Ber, a 

naturally occurring phytochemical molecule, can protect cultured neonatal rat 

cardiomyocytes from Dox's toxic effects and make a cultured human breast 

cancer cell line more sensitive to the drug's effects. In agreement with our 

findings, it has been reported that Ber significantly reduced the apoptosis in 

H9c2 cardiomyocytes induced by hypoxia (247). Conversely, a number of 

studies have indicated that Ber promotes apoptosis in cancer cell lines in a 

concentration-dependent way (248). According to the findings of the present 
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study, it can be concluded that the effect of Ber on apoptosis differs depending 

on the type of cell employed and the concentration used. 

3-12. The effect of mBer on the viability of H9c2 cells treated with Dox 

1 µM:  

Cell viability after treatment with empty micelles, Ber, or mBer (98 

± 3.6, 95± 3.7, and 94.7± 3.6% respectively) was not statistically (p>0.05) 

different from the control, demonstrating that neither polymeric micelles 

nor Ber in its free or micellar form per se produce cytotoxicity in H9c2 

cells. Treatment of H9c2 cells with 1 µM concentration of Dox, resulted in 

significantly (p<0.05) lower viability (52.00 ±2.50 %) (Figure 3-18). 

Compared to the control cells. Dox-induced cell death was significantly 

(p<0.05) mitigated by pretreatment with free Ber, which increased cell 

viability to 72.7 ± 30%. Our evaluation of the protective effects of mBer 

against DIC in H9c2 cells revealed that the cell viability was significantly 

(p<0.05) greater with mBer (84.2± 3.10 %) compared to Ber alone (Figure 

3-18). 
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Figure 3-18:H9c2 cell viability using MTT reduction assay. The data are presented in 

the form of mean value ± SD derived from four independent replicate. ns: not 

statistically significant (p>0.05) compared to control, * significantly different (p<0.05) 

compared to control, a: significantly different (p<0.05) compared to Dox and b: 

significantly different (p<0.05) compared to Ber-Dox. Em: empty blank micelles; Ber: 

berberine; mBer: berberine-loaded pluronic F127 micelles; Dox: doxorubicin. 

 

We used a concentration of 1 µM of Dox in this study because this 

concentration is representative of what is seen in human plasma after 

therapeutic doses of Dox have been delivered (249). In clinical practice, 

after Ber was given to patients, its maximum concentration in the plasma 

could reach 1 µM (250).  

In accordance with this, we find that Ber was not cytotoxic and did 

not display clear cellular toxicity in cultured cardiomyocytes. Therefore, in 

the present investigation, we looked at how Ber affected Dox-induced 

cultured cardiomyocyte damage at doses of 1 µM, and we found Ber 
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reduced DIC when co-delivered with Dox. Interestingly, Ber did not induce 

significant cytotoxic effects on cultured cardiomyocytes when used alone. 

We have found that the F127 micelle is a useful carrier for Ber, 

substantially enhancing its efficacy against DIC while maintaining its 

nontoxic effect on cultured cardiomyocytes. 

3-13. mBer attenuate DIC by reduction of LDH, CK-MB, and cTn-1 

release:  

LDH release was utilized as an indicator of cardiomyocyte damage. The 

control group exhibited the lowest cytotoxicity at 63 ± 8.3 U/L, while the 

Dox group exhibited the highest at 317± 17.4 U/L. LDH leakages from 

cells treated with void micelles, free Ber, and mBer were 66± 8.9, 68± 9.3, 

and 60.5± 10.3 U/L, respectively, which were not significantly (p>0.05) 

different from the control, indicating that these compounds do not cause 

cytotoxicity in H9c2 cells. Treatment with either free Ber or mBer in 

combination with Dox significantly (p<0.05) reduced Dox injury to 

cultured cardiomyocytes, as evidenced by the reduced release of LDH to 

265± 16.1 and 210± 15.2 U/L, respectively, compared to Dox-treated cells. 

mBer was significantly (p<0.05) more effective than free Ber in this regard 

(Figure 3-19a). 

To learn more about how Ber and mBer affect DIC, the leakage level of 

CK-MB, which is another marker for cardiotoxicity, was measured. 

Compared to the control group (0.61± 0.16 pg/ml), Dox significantly 

(p<0.05) increased CK-MB release (2.82±0.25 pg/ml). The effects of Dox 

were relatively countered by combining it with Ber or mBer, which 

significantly (p<0.05) decreased CK-MB release to 2.11 ± 0.22 and 1.52 ± 

0.22 respectively (figure 3-19b). 

 Once again, mBer significantly (p<0.05) reduced CK-MB release 

better than free Ber. As was indicated before, Em, Ber, and mBer did not 
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induce significant leakage of CK-MB, which indicated that they were not 

cytotoxic to H9c2 cells (Figure 3-19b). 

Treatment with Em, Ber, and mBer did not significantly (p>0.05) 

alter cTn-1 release levels from H9c2 cells compared to the control cells 

23±2.1 pg/ml. cTn-1 level was significantly (p<0.05) elevated in Dox-

treated cells 66± 4.2 pg/ml compared to the control group. The combination 

of Ber and Dox significantly (p<0.05) decreased cTn-1 release to 55.4± 3.6 

pg/ml. Moreover, compared to Ber-Dox-treated cells, cTn-1 level was 

significantly (p<0.05) reduced in mBer-Dox-treated cells (45.67± 3.2 

pg/ml), indicating enhanced therapeutic potential of Ber when loaded in to 

pluronic micelles (Figure 3-19c). 
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Figure 3-19: The effects of mBer on Dox-induced cardiomyocyte toxicity markers 

Leakage in H9c2 cells. Cardiotoxicity parameters included a: release of lactate 

dehydrogenase (LDH), b: Creatine kinase myocardial band (CK-MB) leakage, and c:  

Cardiac Troponin I (cTn-I) release. The data are presented as mean value ± standard 

deviation based on four independent replicates. ns: not statistically significant (p>0.05) 

versus the control, * statistically significant (p<0.05) versus the control, b: statistically 

significant (p<0.05) versus Dox, and c: statistically significant (p<0.05) versus Ber-

Dox. Em: void blank micelles; Ber: berberine; mBer: pluronic F127 micelles loaded 

with berberine; Dox: doxorubicin.
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LDH, CK-MB, and cTn-I are all well-recognized surrogate markers 

for cardiotoxicity, with their elevations serving as quantitative indicators of 

cellular membrane integrity loss (251).LDH is a stable enzyme found in all 

cell types; upon plasma membrane disruption, it is rapidly released into the 

cell culture medium and is regarded as a hallmark of cellular damage (252). 

Creatine Kinase (CK) is a crucial enzyme in the production and utilization 

of cellular energy. The CK-MB (most prominent in cardiac muscle) is a 

dimer of two polypeptide chains consisting of M and B subunits which 

release after cardiomyocytes injury; other kinds of CK are detected in 

various tissues (253). Troponin (Tn) is a family of regulatory proteins that 

play a role in skeletal and cardiac muscle contraction. cTn-I molecules are 

composed of amino acid sequences that are unique to cardiac tissue, 

making it a highly specific method for detecting cardiac injury.  cTn-I 

follows a similar release pattern to that of CK-MB, however CK-MB levels 

recover after a relatively shorter time, the concentration of cTn-I remains 

elevated for an extended duration, thereby offering an extended period 

during which cardiac injury can be detected (254). The levels of LDH, CK-

MB, and cTnI in Dox-treated H9c2 cells are much higher than in untreated 

cells, as predicted. This is consistent with previous research indicating that 

Dox compromises the integrity of myocardial cell membranes (255).   

Interestingly, simultaneous treatment with free Ber or mBer reduced 

LDH, CK-MB, and cTn-I levels in Dox-treated H9c2 cells. Ber's ability to 

protect H9c2 cells from Dox-induced injury and to reduce the release of 

cardiac LDH, CK-MB, and cTn-I might be due to Ber's antioxidant 

properties and/or interaction with cell signaling pathways. Ber's protective 

antioxidant capabilities have been demonstrated both here and in earlier 

studies (256). 
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3-14. mBer mitigates the oxidative stress induced by Dox: 

Afterward, the amounts of variables linked to oxidative stress were 

assessed. MDA production was dramatically increased by Dox treatment in 

the H9c2 cells (8.6± 0.61 nmol/mg), whereas Ber co-treatment significantly 

(p<0.05) reduced the Dox-induced increase in MDA level. Compared to 

Ber-Dox-treated cells, mBer-Dox-treated cells demonstrated a significant 

reduction (p<0.05) in MDA levels. The levels of MDA in Em-treated cells, 

Ber-treated cells, and mBer-treated cells are not significantly different from 

those in control-treated cells (Figure 3-20a). 

Also, oxidative stress was measured by looking at GSH content, a 

key factor in ROS production, in H9c2 cells. GSH level 

significantly(p<0.05) went down to 17.26±1.8 nmol/mg protein in Dox-

treated cells after 48 hours of incubation relative to control group (40±2.31 

nmol/mg protein), which was expected. In contrast, the GSH level of cells 

that were treated with both Dox and Ber was significantly (p<0.05) lower 

than the GSH level of cardiomyocytes that were only treated with Dox. 

This demonstrates how Ber can lessen the oxidative stress that Dox causes 

in H9c2 cells. Comparing cells treated with Ber-Dox to those treated with 

mBer-Dox, the level of GSH was significantly (p<0.05) greater in those 

who received mBer-Dox, indicating further improvement in Ber delivery. 

The GSH level did not significantly (p > 0.05) differ between the negative 

control and EM cells, nor between the Ber and mBer treated cells (Figure 

3-20b). 

CAT, in contrast to MDA, showed the opposite pattern. CAT is an 

important antioxidant defense for cells. Figure 3-19c shows that 48 hours 

of Dox treatment caused a decline in cellular CAT activity in H9c2 cells 

(2.73±0.41µmol/min/mg protein). The cellular CAT activity in H9c2 cells 

was reduced 2.5-fold relative to control cells. Ber in combination with Dox 

attenuated Dox-induced CAT activity reduction. In terms of CAT activity 
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enhancement when co-treated with Dox, mBer significantly (p<0.05) 

outperformed free Ber. The treatment of H9c2 cells with Em. Ber, mber did 

not result in any significant (p > 0.05) alteration in the activity of cellular 

CAT (Figure 3-20c). 

Moreover, oxidative stress was measured by looking at SOD 

activity, another key factor against oxidative stress, in H9c2 cells. The 

SOD activity in H9c2 cells treated with Dox was 104±7.8 U/mg which is 

exhibited a significant (p<0.05) decrease compared to control cells 

following an incubation period of 48 hours, which was expected. In 

contrast, the activity of SOD in the cells that were treated with both Dox 

and Ber (139±8.1U/mg) was significantly (p<0.05) higher than the SOD 

activity in the cells that were only treated with Dox. This demonstrates how 

Ber can lessen the oxidative stress that Dox causes in H9c2 cells. 

Comparing cells treated with Ber-Dox to those treated with mBer-Dox, the 

activity of SOD was significantly (p<0.05) higher in those treated with 

mBer-Dox (169± 8.9U/mg), indicating further improvement in Ber 

delivery. The SOD activity did not differ significantly (p > 0.05) between 

the negative control and void micelles treated cells, nor between the Ber 

and mBer treated cells (Figure 3-20d). 



Chapter Three    Results and Discussion 
 
 

83 
 

C
ontr

ol
E
m

B
er

m
B
er

D
ox

B
er

-D
ox

m
B
er

-D
ox

0

4

8

12

16

c- CAT activity in H9c2 cells

Treatment

C
A

T
(µ

m
o

l/
m

in
/m

g
 p

ro
te

in
)

b

a

ns

✱

✱

✱

C
ontr

ol
E
m

B
er

m
B
er

D
ox

B
er

-D
ox

m
B
er

-D
ox

0

10

20

30

40

50

60

70

b- GSH content in H9c2 cells

Treatment

G
S

H
(n

m
o

l/
m

g
 p

ro
te

in
)

b

a
ns

✱

✱
✱

C
ontr

ol
E
m

B
er

m
B
er

D
ox

B
er

-D
ox

m
B
er

-D
ox

0

5

10

 a- MDA content in H9c2 cells

Treatment

M
D

A
(n

m
o

l/
m

g
)

b

a

ns

✱

✱

✱

C
ontr

ol
E
m

B
er

m
B
er

D
ox

B
er

-D
ox

m
B
er

-D
ox

0

100

200

300

d- SOD activity in H9c2 cells

Treatment

S
O

D
(U

/m
g

)
b

ans

✱

✱

✱

 
 

Figure 3-20: mBer suppresses Dox-induced oxidative stress. The oxidative stress 

parameters in H9c2 cells were: a: Lipid peroxidation indicated by malondialdehyde 

(MDA) level; b: Reduced glutathione (GSH) level; c: Catalase (CAT) activity; and d: 

Superoxide dismutase (SOD) (GPx) activity. Based on quadruplicate, the data are 

shown as mean ± standard deviation. ns: not statistically significant (p > 0.05) compared 

to the control; *: statistically significant (p<0.05) compared to the control; a: 

statistically significant (p<0.05) compared to Dox; and b: statistically significant 

(p<0.05) compared to Ber-Dox. Em stands for empty micelles, Ber for berberine, mBer 

for pluronic F127 micelles containing berberine, and Dox for doxorubicin. 
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Although a multifaceted and complex process involved in DIC, 

oxidative damage and antioxidant deficiency in cardiomyocytes have been 

extensively implicated as a major cause of DIC (257). Dox exhibits a 

pronounced affinity towards iron, and the creation of iron-Dox complexes 

induces a significant imbalance in the redox status and unrestrained ROS 

production which ultimately induces oxidative damage (258).  

Cardiomyocytes are more susceptible to reactive oxygen species-induced 

oxidative injury due to their relatively lower levels of antioxidant enzymes  

(259). Oxidative stress has been found to have negative consequences by 

many ways such as inducing lipid peroxidation (260). In the current 

investigation, MDA level was assessed as a biomarker for lipid 

peroxidation. The administration of Dox resulted in a notable elevation of 

MDA levels in Dox-treated cells compared to the control group, which is in 

line with previous studies (261).  

Cellular membranes that are abundant in peroxidation-prone lipids, 

such as in cardiac cells, are the primary targets of free radical damage 

mediated by Dox. The aforementioned radical-induced impairment results 

in the formation of ongoing and hazardous aldehydes, namely MDA. The 

aldehydes possess the ability to undergo diffusion within the cellular 

environment and may even traverse the plasma membrane. They can 

subsequently initiate an attack on macromolecular targets located at a 

considerable distance from their site of origin, thereby functioning as 

secondary cytotoxic messengers (241).  

Additionally, our findings validated that Dox exhibited a significant 

reduction in the antioxidant content and performance of CAT and SOD. 

The findings presented herein are consistent with previous studies (256). 

The significant increase in MDA level and the decrease in the activity of 

the antioxidant enzymes CAT and SOD after Dox treatment as compared to 
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the control group, which is presented here, unequivocally point to the 

presence of severe oxidative stress. The treatment of cells with Ber-Dox or 

mBer-Dox resulted in a reduction of MDA levels in comparison to the 

group treated with Dox, with a more pronounced effect observed in the 

mBer-Dox treated group. This is in line with what has been previously 

published, which states that Ber significantly decreased cardiac MDA in 

rats that had been treated with Dox (241). This evidence from the current 

data suggests that the robust antioxidant potential of Ber is in opposition to 

Dox-induced oxidative stress. Also, the treatment with Ber or mBer 

resulted in a significant enhancement of the antioxidative activities of GSH, 

CAT, and SOD against Dox, which is consistent with prior investigations 

(256). Ber is a type of metal chelator that has the ability to chelate 

transition metals, including iron which is particularly significant as iron has 

been shown to contribute to the initiation of ROS (262). 

 The cardioprotective properties of Ber may be attributed to its 

antioxidant potential, which entails the elimination of free radicals and the 

binding of iron through chelation, ultimately resulting in a decrease in the 

generation of ROS. Importantly, an enhancement in antioxidant activity is 

evident in H9c2 cells receiving mBer-Dox treatment groups in comparison 

to the Ber-Dox-treated group. The findings suggest that the incorporation 

of Ber within the micelles enhances the antioxidant capacity of this 

phytochemical. 

 

3-15. mBer alleviates cardiac cytokines secretion in Dox-treated H9c2 

cells: 

 To determine whether Ber in its free or micellar form could protect 

cardiomyocytes from Dox-induced injury, the levels of inflammatory 

cytokines IL-1β and IL-6 were measured in the culture media of H9c2 

cells. After 48 hours of exposure to 1µM Dox, the levels of IL-1β and IL-6 
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in the culture medium of Dox-treated cardiomyocytes were 273.42±20.2 

pg/ml and 138.2± 8.2 pg/ml respectively which were significantly (p<0.05) 

higher than those of control cells (63± 10.9 and 26.71± 4.2 pg/ml for IL-1β 

and IL-6 respectively) (Figure 3-21a). A rise in cytokines levels caused by 

Dox was shown to be significantly(p<0.05) lessened by combining 

treatment with either Ber or mBer. However, combination treatment with 

mBer resulted in an additional significant reduction (p<0.05) in cytokines 

(142± 15.9 pg/ml IL-1β and 79.2± 5.9 pg/ml IL-6) than did combined 

treatment with Ber (196±14.8 and 97.3±6.3 pg/ml for IL-1β and IL-6 

respectively). Again, Em, Ber, and mBer do not have any significant (p > 

0.05) effect on the level of cytokines that are released into the culture 

medium of cardiomyocytes (Figure 3-21b).

Figure 3-21: The effect of mBer on Dox-induced proinflammatory cytokine 

elevation in H9c2 cells. The studied inflammatory markers included a: interleukin-1β 

(IL-1β) and b: interleukin-6 (IL-6). Data indicate Four biological replicates' mean ± SD.

ns: not statistically significant compared to the control (p > 0.05); *: statistically 

significant compared to the control; a: compared to Dox; and b: compared to Ber-Dox 

(p<0.05).
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Notably, the expression of inflammatory cytokines is directly 

induced by oxidative stress, which further escalates inflammatory processes 

(263). Numerous studies support the idea that targeting inflammation and 

oxidative stress is an effective therapeutic approach to reduce DIC. There is 

mounting evidence linking pro-inflammatory cytokines to the onset of 

numerous cardiac disorders. Among these cytokines are interleukins, which 

play crucial roles in the onset and progression of a number of cardiac 

diseases, including coronary atherosclerosis and congestive heart failure 

(258). Dox is capable of causing significant cardiac toxicity that is 

associated with a significant inflammatory response, as reported here. 

Nuclear factor-kappa B becomes active quickly following Dox injury in the 

cardiomyocytes, where it stimulates the synthesis of multiple pro-

inflammatory cytokines, including IL 1β, TNF-α, and IL-6 (264). These 

cytokines further worsen inflammatory damage by coordinating a pro-

inflammatory milieu and recruiting leukocyte infiltration into the 

myocardium. Therefore, prior studies have shown that reducing 

cardiomyocyte mortality and cardiac dysfunction after Dox administered is 

possible via the regulation of cardiac inflammation (265). We found that 

the co-delivery of Ber in free or micellar form with Dox resulted in a 

significant reduction of IL-6 and IL-1β levels induced by Dox treatment. 

The anti-inflammatory properties of Ber in cardiac cells have been 

previously linked to its ability to impede the phosphoinositide 3-kinase 

(PI3K)/AKT signaling pathway. This, in turn, leads to a decrease in the 

release of several pro-inflammatory cytokines, including IL-6, IL-1β, and 

tumor necrosis factor TNF-α, in cardiac myocytes (266). The findings 

indicate that the treatment with Ber-Dox in comparison to Dox alone 

resulted in a decrease in the levels of IL-6 and IL-1β, suggesting that Ber 

could have the ability to mitigate the inflammatory response triggered by 
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Dox in cardiomyocytes, and this ability was improved when Ber was 

loaded into pluronic micelles. 

3-16. mBer protects H9c2 cells from Dox-induced cell apoptosis:  

Figure 3-22 depicts the caspase 3/7 activity of H9c2 cells in the presence of 

different treatments. Dox-treated cells exhibited fivefold more caspase 3/7 

activity than untreated control cells. Ber-Dox or mBer-Dox significantly 

(p<0.05) reduced caspase 3/7 activity in H9c2 cells compared to Dox 

treatment alone while maintaining apoptotic activity beyond control level. 

Notably, there is a significant (p<0.05) reduction in caspase 3/7 activity in 

cells treated with mBer-Dox as compared to those treated with Ber-Dox. 

Em, Ber, and mBer have no discernible effect on the activity of Caspase 

3/7in H9c2 cells (Figure 3-22). 
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Figure 3-22: mBer inhibits Caspase 3/7 activity in Dox-treated H9c2 cells. The 

presented data illustrates the mean ±SD from Four distinct biological replicates. The 

notation "ns" denotes no statistically significant difference when compared to the 

control group, while "*", "a", and "b" signify significant differences in relation to the 

control group, Dox, and Ber-Dox, respectively (p<0.05). 
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Various anticancer agents, such as Dox, can induce apoptosis 

through the activation of caspases 3/7, implying either an intrinsic or 

extrinsic pathway for ultimate cell death. Therefore, evaluating caspase 3/7 

may provide insights into ultimate cell death regardless of the specific 

apoptotic mechanism being used (267). Thus, the utilization of caspase3/7 

as a biomarker to assess apoptosis-initiated cell death could offer a close 

approximation of the effect of Ber on the Dox-induced cardiomyocytes 

apoptosis.  

Following treatment with Dox, a substantial increase in caspase 3/7 

activity was seen in H9c2 cells compared to that observed in the control 

cells and this is consistent with prior reports about Dox in cultured 

cardiomyocytes (268). 

 Reduced caspase 3/7 activity was detected in H9c2 cells in culture 

as a result of the concurrent treatment of Ber with Dox, irrespective of the 

existence or absence of micelles. It is possible that the antagonistic 

interaction between Ber and Dox in H9c2 cells in terms of apoptosis is 

caused by a reduction in both the activity of caspase 3/7 and reactive 

oxygen species in cardiomyocytes induced by Ber treatment. This is 

corroborated by previous reports that Ber treatment reduced apoptotic and 

oxidative stress in response to ischemia injury by lowering caspase-3 

activity and MDA levels (269). However, mBer co-delivery did not 

completely inhibit Dox-induced caspase 3/7 activation and return to normal 

levels (untreated), indicating that DIC is not completely mitigated. A 

possible rationale for this occurrence is that Dox-induced caspase 3/7 

activation may involve other mechanisms that might not be affected by Ber 

treatment at the current concentration.  

H9c2 cells are likely to undergo a complex and multifaceted process 

of cellular apoptosis upon exposure to Dox. This is supported by previous 
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research indicating that caspase-12 activation plays a role in mediating 

Dox-induced cardiomyocyte apoptosis (270). 
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Conclusions:  

1-Using the thin-film hydration approach, we were able to create spherical 

Ber-loaded F127 micelles with high entrapment efficiency that possess 

desirable physicochemical features. 

2- Ber's in vitro release behavior from the micelles demonstrated both fast 

and sustained release properties. 

3- mBer were shown to be relatively non-toxic and biocompatible via in 

vitro hemolysis testing. 

 4-The utilization of mBer presents a more suitable option compared to 

conventional free Ber in mitigating the elevated levels of oxidative stress, 

inflammation, and apoptosis-inducing factors in cardiomyocytes exposed to 

Dox treatment. 

5- Our findings indicated that polymeric F127 micelles are a relatively 

simple strategy that could serve as a promising nanocarrier for enhancing 

Ber delivery.  

6- In cultured cardiomyocyte cells, the cardioprotective effect of mBer 

against Dox is greater than the cardioprotective effect of free Ber. This is 

due to its enhanced effectiveness against DIC. 

7- The combination of mBer and Dox could be a novel approach that offers 

the potential for a promising and effective agent for the treatment of 

tumors. 
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Recommendations: 

1-To confirm the chemosensitizing and cardioprotective effects of mBer, 

further research is required to validate these findings through in vivo 

studies and in clinical settings. 

 2- The findings of our study offer a logical approach for developing more 

phytochemical adjunctive therapies with Dox that have the potential to be 

efficacious for patients undergoing chemotherapy. 

3- Evaluation of the chemosensitizing effect of the newly developed mBer 

on several types of cancer cell lines, encompassing not only an ovarian 

adenocarcinoma cell line but additionally others. 

4- Assessment of the cytoprotective efficacy of the created mBer on several 

other cell types, such as hepatocytes and renal cells, among others. 

5- Explore how the mBer-Dox combination treatment affects cellular 

metabolomics and gene expression profiling in cardiomyocytes and several 

cancer cell lines. 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

References



 Chapter Five                                                                          References   
 
 

93 
 

References: 

1.  Rawat PS, Jaiswal A, Khurana A, Bhatti JS, Navik U. Doxorubicin-

induced cardiotoxicity: An update on the molecular mechanism and 

novel therapeutic strategies for effective management. Biomed 

Pharmacother. 2021;139:111708.  

2.  Octavia Y, Tocchetti CG, Gabrielson KL, Janssens S, Crijns HJ, 

Moens AL. Doxorubicin-induced cardiomyopathy: from molecular 

mechanisms to therapeutic strategies. J Mol Cell Cardiol. 

2012;52(6):1213–25.  

3.  Young RC, Ozols RF, Myers CE. The anthracycline antineoplastic 

drugs. N Engl J Med. 1981;305(3):139–53.  

4.  Hosseini A, Sahebkar A. Reversal of doxorubicin-induced 

cardiotoxicity by using phytotherapy: a review. J pharmacopuncture. 

2017;20(4):243.  

5.  Kalyanaraman B. Teaching the basics of the mechanism of 

doxorubicin-induced cardiotoxicity: Have we been barking up the 

wrong tree? Redox Biology. 2020.  

6.  Hasinoff BB, Herman EH. Dexrazoxane: How it works in cardiac and 

tumor cells. Is it a prodrug or is it a drug? In: Cardiovascular 

Toxicology. 2007. p. 140–4.  

7.  Monahan DS, Flaherty E, Hameed A, Duffy GP. Resveratrol 

significantly improves cell survival in comparison to dexrazoxane 

and carvedilol in a h9c2 model of doxorubicin induced cardiotoxicity. 

Biomed Pharmacother. 2021;140:111702.  

8.  Deres P, Halmosi R, Toth A, Kovacs K, Palfi A, Habon T, et al. 

Prevention of doxorubicin-induced acute cardiotoxicity by an 

experimental antioxidant compound. J Cardiovasc Pharmacol. 

2005;45(1):36–43.  

 



 Chapter Five                                                                          References   
 
 

94 
 

9.  Sritharan S, Sivalingam N. A comprehensive review on time-tested 

anticancer drug doxorubicin. Life Sci. 2021;278:119527.  

10.  Ojha S, Al Taee H, Goyal S, Mahajan UB, Patil CR, Arya DS, et al. 

Cardioprotective potentials of plant-derived small molecules against 

doxorubicin associated cardiotoxicity. Oxid Med Cell Longev. 

2016;2016.  

11.  Singh IP, Mahajan S. Berberine and its derivatives: a patent review 

(2009–2012). Expert Opin Ther Pat. 2013;23(2):215–31.  

12.  Javed Iqbal M, Quispe C, Javed Z, Sadia H, Qadri QR, Raza S, et al. 

Nanotechnology-based strategies for berberine delivery system in 

cancer treatment: Pulling strings to keep berberine in power. Front 

Mol Biosci. 2021;7:624494.  

13.  Li Z, Wang Y, Xu Q, Ma J, Li X, Yan J, et al. Berberine and health 

outcomes: An umbrella review. Phytotherapy Research. John Wiley 

and Sons Ltd; 2023.  

14.  Cai Y, Xin Q, Lu J, Miao Y, Lin Q, Cong W, et al. A new therapeutic 

candidate for cardiovascular diseases: Berberine. Front Pharmacol. 

2021;12:631100.  

15.  Liu CS, Zheng YR, Zhang YF, Long XY. Research progress on 

berberine with a special focus on its oral bioavailability. Fitoterapia. 

2016;109:274–82.  

16.  Szaniawska M, Szymczyk K, Zdziennicka A, Jańczuk B. 

Thermodynamic parameters of berberine with Kolliphor mixtures 

adsorption and micellization. Molecules. 2023;28(7):3115.  

17.  Li X, Shi L, Shi N, Chen W, Qu X, Li Q, et al. Multiple stimulus-

response berberine plus baicalin micelles with particle size-charge-

release triple variable properties for breast cancer therapy. Drug Dev 

Ind Pharm. 2023;49(2):189–206.  

 



 Chapter Five                                                                          References   
 
 

95 
 

18.  Negut I, Bita B. Polymeric Micellar Systems—A Special Emphasis 

on “Smart” Drug Delivery. Pharmaceutics. 2023;15(3):976.  

19.  Upadhyay S, Gupta KB, Mantha AK, Dhiman M. A short review: 

Doxorubicin and its effect on cardiac proteins. Vol. 122, Journal of 

Cellular Biochemistry. 2021. p. 153–65.  

20.  Blum RH, Carter SK. A new anticancer drug with significant clinical 

activity. Ann Intern Med. 1974;80(2):249–59.  

21.  Micallef I, Baron B. Doxorubicin: an overview of the anti-cancer and 

chemoresistance mechanisms. 2020;  

22.  Pendlebury A, Debernardo R, Rose PG. Long-term use of pegylated 

liposomal doxorubicin to a cumulative dose of 4600 mg/m2 in 

recurrent ovarian cancer. Anticancer Drugs. 2017;28(7):815–7.  

23.  Tacar O, Sriamornsak P, Dass CR. Doxorubicin: an update on 

anticancer molecular action, toxicity and novel drug delivery systems. 

J Pharm Pharmacol. 2013;65(2):157–70.  

24.  Swain SM, Whaley FS, Ewer MS. Congestive heart failure in patients 

treated with doxorubicin: A retrospective analysis of three trials. 

Cancer. 2003;97(11):2869–79.  

25.  Zhu H. Doxorubicin-induced cardiotoxicity. Cardiotoxicity, Intech 

Open, London. 2018;47–66.  

26.  Aversano RC, Boor PJ. Histochemical alterations of acute and 

chronic doxorubicin cardiotoxicity. J Mol Cell Cardiol. 1983;  

27.  Cvetković RS, Scott LJ. Dexrazoxane. Drugs. 2005;65(7):1005–24.  

28.  Smith JA, Costales AB, Jaffari M, Urbauer DL, Frumovitz M, Kutac 

CK, et al. Is it equivalent? Evaluation of the clinical activity of single 

agent Lipodox® compared to single agent Doxil® in ovarian cancer 

treatment. J Oncol Pharm Pract. 2016;22(4):599–604.  

 

 



 Chapter Five                                                                          References   
 
 

96 
 

29.  Yamaguchi N, Fujii T, Aoi S, Kozuch PS, Hortobagyi GN, Blum RH. 

Comparison of cardiac events associated with liposomal doxorubicin, 

epirubicin and doxorubicin in breast cancer: A Bayesian network 

meta-analysis. Eur J Cancer. 2015;51(16):2314–20.  

30.  Vigevani A, Williamson MJ. Doxorubicin. In: Analytical profiles of 

drug substances. Elsevier; 1981. p. 245–74.  

31.  Bouma J, Beijnen JH, Bult A, Underberg WJM. Anthracycline 

antitumour agents. Pharm Weekbl. 1986;8(2):109–33.  

32.  Waller DG, Sampson A, Hitchings A. Medical pharmacology and 

therapeutics E-Book. Elsevier Health Sciences; 2021.  

33.  Lee YN, Chan KK, Harris PA, Cohen JL. Distribution of adriamycin 

in cancer patients. Tissue uptakes, plasma concentration after IV and 

hepatic IA administration. Cancer. 1980;45(9):2231–9.  

34.  Ozols RF, Young RC, Speyer JL, Sugarbaker PH, Greene R, Jenkins 

J, et al. Phase I and pharmacological studies of adriamycin 

administered intraperitoneally to patients with ovarian cancer. Cancer 

Res. 1982;42(10):4265–9.  

35.  Maral RJ, Jouanne M. Toxicology of daunorubicin in animals and 

man. Cancer Treat Rep. 1981;65:9–18.  

36.  Northfelt DW, Martin FJ, Working P, Volberding PA, Russell J, 

Newman M, et al. Doxorubicin encapsulated in liposomes containing 

surface‐bound polyethylene glycol: pharmacokinetics, tumor 

localization, and safety in patients with AIDS‐related Kaposi’s 

sarcoma. J Clin Pharmacol. 1996;36(1):55–63.  

37.  Celio LA, DiGregorio GJ, Ruch E al, Pace J, Piraino AJ. Doxorubicin 

and 5-fluorouracil plasma concentrations and detectability in parotid 

saliva. Eur J Clin Pharmacol. 1983;24(2):261–6.  

 

 



 Chapter Five                                                                          References   
 
 

97 
 

38.  McEvoy G, Snow E, Miller J. American society of health system 

pharmacists. Bethesda AHFS drug information 1st ed USA AHFS 

Drug Inf. 2008;  

39.  Speth PAJ, Van Hoesel Q, Haanen C. Clinical pharmacokinetics of 

doxorubicin. Clin Pharmacokinet. 1988;15(1):15–31.  

40.  Polovich M, Whitford JM, Olsen MM. Chemotherapy and biotherapy 

guidelines and recommendations for practice. Oncology Nursing 

Society Pittsburgh, PA; 2014.  

41.  Di Fronzo G, Lenaz L, Bonadonna G. Distribution and excretion of 

adriamycin in man. Biomed Pour l’AAICIG]. 1973;19(4):169–71.  

42.  Oosterbaan MJM. Clinical pharmaco-kinetics of adriamycin. J Drug 

Res. 1982;7:1372–8.  

43.  Raj S, Franco VI, Lipshultz SE. Anthracycline-induced 

cardiotoxicity: a review of pathophysiology, diagnosis, and treatment. 

Curr Treat Options Cardiovasc Med. 2014;16(6):1–14.  

44.  Ghigo A, Li M, Hirsch E. New signal transduction paradigms in 

anthracycline-induced cardiotoxicity. Biochim Biophys Acta (BBA)-

Molecular Cell Res. 2016;1863(7):1916–25.  

45.  Doroshow JH. Anthracycline antibiotic-stimulated superoxide, 

hydrogen peroxide, and hydroxyl radical production by NADH 

dehydrogenase. Cancer Res. 1983;43(10):4543–51.  

46.  Zhu W, Soonpaa MH, Chen H, Shen W, Payne RM, Liechty EA, et 

al. Acute doxorubicin cardiotoxicity is associated with p53-induced 

inhibition of the mammalian target of rapamycin pathway. 

Circulation. 2009;119(1):99–106.  

47.  Schlame M, Rua D, Greenberg ML. The biosynthesis and functional 

role of cardiolipin. Prog Lipid Res. 2000;39(3):257–88.  

 

 



 Chapter Five                                                                          References   
 
 

98 
 

48.  Minotti G, Menna P, Salvatorelli E, Cairo G, Gianni L. 

Anthracyclines: molecular advances and pharmacologic 

developments in antitumor activity and cardiotoxicity. Pharmacol 

Rev. 2004;56(2):185–229.  

49.  de Oliveira BL, Niederer S. A biophysical systems approach to 

identifying the pathways of acute and chronic doxorubicin 

mitochondrial cardiotoxicity. PLoS Comput Biol. 

2016;12(11):e1005214.  

50.  Salazar-Mendiguchía J, González-Costello J, Roca J, Ariza-Solé A, 

Manito N, Cequier Á. Anthracycline-mediated cardiomyopathy: basic 

molecular knowledge for the cardiologist. Arch Cardiol México. 

2014;84(3):218–23.  

51.  Minotti G, Ronchi R, Salvatorelli E, Menna P, Cairo G. Doxorubicin 

irreversibly inactivates iron regulatory proteins 1 and 2 in 

cardiomyocytes: evidence for distinct metabolic pathways and 

implications for iron-mediated cardiotoxicity of antitumor therapy. 

Cancer Res. 2001;61(23):8422–8.  

52.  Minotti G, Recalcati S, Mordente A, Liberi G, Calafiore AM, 

Mancuso C, et al. The secondary alcohol metabolite of doxorubicin 

irreversibly inactivates aconitase/iron regulatory protein‐1 in 

cytosolic fractions from human myocardium. FASEB J. 

1998;12(7):541–52.  

53.  Hanna AD, Lam A, Tham S, Dulhunty AF, Beard NA. Adverse 

effects of doxorubicin and its metabolic product on cardiac RyR2 and 

SERCA2A. Mol Pharmacol. 2014;86(4):438–49.  

54.  Zhou S, Starkov A, Froberg MK, Leino RL, Wallace KB. Cumulative 

and irreversible cardiac mitochondrial dysfunction induced by 

doxorubicin. Cancer Res. 2001;61(2):771–7.  

 



 Chapter Five                                                                          References   
 
 

99 
 

55.  Kalivendi S V, Konorev EA, Cunningham S, Vanamala SK, Kaji EH, 

Joseph J, et al. Doxorubicin activates nuclear factor of activated T-

lymphocytes and Fas ligand transcription: role of mitochondrial 

reactive oxygen species and calcium. Biochem J. 2005;389(2):527–

39.  

56.  Gautel M. The sarcomeric cytoskeleton: who picks up the strain? 

Curr Opin Cell Biol. 2011;23(1):39–46.  

57.  Lim CC, Zuppinger C, Guo X, Kuster GM, Helmes M, Eppenberger 

HM, et al. Anthracyclines induce calpain-dependent titin proteolysis 

and necrosis in cardiomyocytes. J Biol Chem. 2004;279(9):8290–9.  

58.  Takemura G, Fujiwara H. Doxorubicin-induced cardiomyopathy: 

from the cardiotoxic mechanisms to management. Prog Cardiovasc 

Dis. 2007;49(5):330–52.  

59.  Aries A, Paradis P, Lefebvre C, Schwartz RJ, Nemer M. Essential 

role of GATA-4 in cell survival and drug-induced cardiotoxicity. 

Proc Natl Acad Sci. 2004;101(18):6975–80.  

60.  Liu B, Bai Q-X, Chen X-Q, Gao G-X, Gu H-T. Effect of curcumin on 

expression of survivin, Bcl-2 and Bax in human multiple myeloma 

cell line. Zhongguo Shi Yan Xue Ye Xue Za Zhi. 2007;15(4):762–6.  

61.  Vedam K, Nishijima Y, Druhan LJ, Khan M, Moldovan NI, Zweier 

JL, et al. Role of heat shock factor-1 activation in the doxorubicin-

induced heart failure in mice. Am J Physiol Circ Physiol. 

2010;298(6):H1832–41.  

62.  Wang S, Kotamraju S, Konorev E, Kalivendi S, Joseph J, 

Kalyanaraman B. Activation of nuclear factor-κB during 

doxorubicin-induced apoptosis in endothelial cells and myocytes is 

pro-apoptotic: the role of hydrogen peroxide. Biochem J. 

2002;367(3):729–40.  

 



 Chapter Five                                                                          References   
 
 

100 
 

63.  Outomuro D, Grana DR, Azzato F, Milei J. Adriamycin-induced 

myocardial toxicity: new solutions for an old problem? Int J Cardiol. 

2007;117(1):6–15.  

64.  Michihiko U, Yoshihiko K, Koh-ichi Y, Nobuyuki M, Motoyuki I, 

Takashi M, et al. Doxorubicin induces apoptosis by activation of 

caspase-3 in cultured cardiomyocytes in vitro and rat cardiac 

ventricles in vivo. J Pharmacol Sci. 2006;101(2):151–8.  

65.  Ruggeri C, Gioffré S, Achilli F, Colombo GI, D’Alessandra Y. Role 

of microRNAs in doxorubicin-induced cardiotoxicity: an overview of 

preclinical models and cancer patients. Heart Fail Rev. 

2018;23(1):109–22.  

66.  Vacchi-Suzzi C, Bauer Y, Berridge BR, Bongiovanni S, Gerrish K, 

Hamadeh HK, et al. Perturbation of microRNAs in rat heart during 

chronic doxorubicin treatment. 2012;  

67.  Tong Z, Jiang B, Wu Y, Liu Y, Li Y, Gao M, et al. MiR-21 protected 

cardiomyocytes against doxorubicin-induced apoptosis by targeting 

BTG2. Int J Mol Sci. 2015;16(7):14511–25.  

68.  Tony H, Yu K, Qiutang Z. MicroRNA-208a silencing attenuates 

doxorubicin induced myocyte apoptosis and cardiac dysfunction. 

Oxid Med Cell Longev. 2015;2015.  

69.  Newman DJ, Cragg GM, Snader KM. Natural products as sources of 

new drugs over the period 1981− 2002. J Nat Prod. 2003;66(7):1022–

37.  

70.  Abbas MM, Kandil Yİ, Abbas MA. R-(-)-carvone attenuated 

doxorubicin induced cardiotoxicity in vivo and potentiated its 

anticancer toxicity in vitro. Balkan Med J. 2020;37(2):98.  

71.  Liu C, Ma X, Zhuang J, Liu L, Sun C. Cardiotoxicity of doxorubicin-

based cancer treatment: what is the protective cognition that 

phytochemicals provide us? Pharmacol Res. 2020;160:105062.  



Chapter Five                                                                          References

101

72. Rubio L, Macia A, Motilva M-J. Impact of various factors on 

pharmacokinetics of bioactive polyphenols: an overview. Curr Drug 

Metab. 2014;15(1):62–76. 

73. Novelle MG, Wahl D, Dieguez C, Bernier M, de Cabo R. Resveratrol 

supplementation: where are we now and where should we go? Ageing 

Res Rev. 2015;21:1–15. 

74. Hanefi Ö, Mustafa Ö, Abdurrahman Ö, Ebubekir C, Zabit Y. 

Determination of lethal doses of volatile and fixed oils of several 

plants. East J Med. 2002;9(1):4–6. 

75. Pezzuto JM. Plant-derived anticancer agents. Biochem Pharmacol. 

1997;53(2):121–33. 

76. Prajwala B, Raghu N, Gopenath TS, Shanmukhappa B, Karthikeyan 

M, Ashok G, et al. Berberine and its pharmacology potential: a 

review. Eur J Biomed. 2020;7:115–23. 

77. Och A, Podgórski R, Nowak R. Biological activity of berberine—a 

summary update. Toxins (Basel). 2020;12(11):713. 

78. Alolga RN, Fan Y, Chen Z, Liu L-W, Zhao Y-J, Li J, et al. 

Significant pharmacokinetic differences of berberine are attributable 

to variations in gut microbiota between Africans and Chinese. Sci 

Rep. 2016;6(1):1–8. 

79. Devarajan N, Jayaraman S, Mahendra J, Venkatratnam P, Rajagopal 

P, Palaniappan H, et al. Berberine—A potent chemosensitizer and 

chemoprotector to conventional cancer therapies. Phyther Res. 

2021;35(6):3059–77. 

80. Gao Y, Wang F, Song Y, Liu H. The status of and trends in the 

pharmacology of berberine: a bibliometric review [1985–2018]. Chin 

Med. 2020;15(1):1–13. 

81. Neag MA, Mocan A, Echeverría J, Pop RM, Bocsan CI, Crisan G, et 

al. Berberine: Botanical Occurrence, traditional uses, extraction 



 Chapter Five                                                                          References   
 
 

102 
 

methods, and relevance in cardiovascular, metabolic, hepatic, and 

renal disorders. Frontiers in Pharmacology. 2018.  

82.  Imanshahidi M, Hosseinzadeh H. Pharmacological and therapeutic 

effects of Berberis vulgaris and its active constituent, berberine. 

Phyther Res. 2008;22(8):999–1012.  

83.  Arayne MS, Sultana N, Bahadur SS. The berberis story: Berberis 

vulgaris in therapeutics. Pak J Pharm Sci. 2007;20(1):83–92.  

84.  Etminan M, Gill SS, Samii A. Intake of vitamin E, vitamin C, and 

carotenoids and the risk of Parkinson’s disease: a meta-analysis. 

Lancet Neurol. 2005;4(6):362–5.  

85.  Andola HC, Gaira KS, Rawal RS, Rawat MSM, Bhatt ID. 

Habitat‐dependent variations in berberine content of Berberis asiatica 

Roxb. ex. DC. in Kumaon, Western Himalaya. Chem Biodivers. 

2010;7(2):415–20.  

86.  Rajasekaran A, Pokhriyal R, Singh Y. Quantitative estimation of 

berberine in roots of different provenances of Berberis aristata DC by 

HPLC and study of their antifungal properties. Pharmacogn Mag. 

2009;5(20):355.  

87.  Li J, Liu F, Jiang S, Liu J, Chen X, Zhang S, et al. Berberine 

hydrochloride inhibits cell proliferation and promotes apoptosis of 

non-small cell lung cancer via the suppression of the MMP2 and Bcl-

2/bax signaling pathways. Oncol Lett. 2018;  

88.  Gao Y, Wang F, Song Y, Liu H. The status of and trends in the 

pharmacology of berberine: A bibliometric review [1985-2018]. Vol. 

15, Chinese Medicine (United Kingdom). 2020.  

89.  Babu NHR, Thriveni HN, Vasudeva R. Influence of drying methods 

and extraction procedures on the recovery of berberine content in 

Coscinium fenestratum. J Nat Prod Plant Resour. 2012;  

90.  UNGUREAN C, CARPA R, CÂMPEAN R, MAIOR MC, OLAH N-



 Chapter Five                                                                          References   
 
 

103 
 

K. Phytochemical and microbial analyses of Berberis sp. extracts. 

Rom Biotechnol Lett. 2020;  

91.  Akowuah G, Okechukwu P, Chiam N. Evaluation of HPLC and 

spectrophotometric methods for analysis of bioactive constituent 

berberine in stem extracts of Coscinium fenestratum. Acta 

Chromatogr. 2014;  

92.  Arawwawala LDAM, Wickramaar WAN. Berberine Content in 

Coscinium fenestratum (Gaertn.) Colebr Grown in Sri Lanka. 

Pharmacologia. 2012;  

93.  Kamimura S, Nishihara M, Osumi Y, Shiota H. Simultaneous 

quantitative analysis of berberine and other alkaloids in powdered 

phellodendron bark. Yakugaku Zasshi. 2019;  

94.  Du J-X, Wang M. Capillary Electrophoresis Determination of 

Berberine in Pharmaceuticals with End-Column 

Electrochemiluminescence Detection. J Chinese Chem Soc. 2010;  

95.  Kulkarni SK, Dhir A. Berberine: a plant alkaloid with therapeutic 

potential for central nervous system disorders. Phyther Res An Int J 

Devoted to Pharmacol Toxicol Eval Nat Prod Deriv. 2010;24(3):317–

24.  

96.  Dostál J, Man S, Sečkářová P, Hulová D, Nečas M, Potáček M, et al. 

Berberine and coptisine free bases. J Mol Struct. 2004;687(1–3):135–

42.  

97.  Zhang C, Zhao R, Yan W, Wang H, Jia M, Zhu N, et al. 

Compositions, formation mechanism, and neuroprotective effect of 

compound precipitation from the traditional chinese prescription 

huang-lian-jie-du-tang. Molecules. 2016;21(8):1094.  

98.  Mazzini S, Bellucci MC, Mondelli R. Mode of binding of the 

cytotoxic alkaloid berberine with the double helix oligonucleotide d 

(AAGAATTCTT) 2. Bioorg Med Chem. 2003;11(4):505–14.  



 Chapter Five                                                                          References   
 
 

104 
 

99.  Ai X, Hou Y, Wang X, Wang X, Liang Y, Zhu Z, et al. Amelioration 

of dry eye syndrome in db/db mice with diabetes mellitus by 

treatment with Tibetan Medicine Formula Jikan Mingmu Drops. J 

Ethnopharmacol. 2019;241:111992.  

100.  Ji H-F, Shen L. Molecular basis of inhibitory activities of berberine 

against pathogenic enzymes in Alzheimer’s disease. Sci World J. 

2012;2012.  

101.  Xu H-Y, Liu C-S, Huang C-L, Chen L, Zheng Y-R, Huang S-H, et al. 

Nanoemulsion improves hypoglycemic efficacy of berberine by 

overcoming its gastrointestinal challenge. Colloids Surfaces B 

Biointerfaces. 2019;181:927–34.  

102.  Habtemariam S. Berberine pharmacology and the gut microbiota: A 

hidden therapeutic link. Pharmacol Res. 2020;155:104722.  

103.  Pan G, Wang G, Liu X, Fawcett JP, Xie Y. The involvement of 

P‐glycoprotein in berberine absorption. Pharmacol Toxicol. 

2002;91(4):193–7.  

104.  Chen W, Miao Y-Q, Fan D-J, Yang S-S, Lin X, Meng L-K, et al. 

Bioavailability study of berberine and the enhancing effects of TPGS 

on intestinal absorption in rats. Aaps Pharmscitech. 2011;12(2):705–

11.  

105.  Tan X-S, Ma J-Y, Feng R, Ma C, Chen W-J, Sun Y-P, et al. Tissue 

distribution of berberine and its metabolites after oral administration 

in rats. PLoS One. 2013;8(10):e77969.  

106.  Rad SZK, Rameshrad M, Hosseinzadeh H. Toxicology effects of 

Berberis vulgaris (barberry) and its active constituent, berberine: a 

review. Iran J Basic Med Sci. 2017;20(5):516.  

107.  Ayati SH, Fazeli B, Momtazi-borojeni AA, Cicero AFG, Pirro M, 

Sahebkar A. Regulatory effects of berberine on microRNome in 

Cancer and other conditions. Vol. 116, Critical Reviews in 



 Chapter Five                                                                          References   
 
 

105 
 

Oncology/Hematology. 2017.  

108.  Su YH, Tang WC, Cheng YW, Sia P, Huang CC, Lee YC, et al. 

Targeting of multiple oncogenic signaling pathways by Hsp90 

inhibitor alone or in combination with berberine for treatment of 

colorectal cancer. Biochim Biophys Acta - Mol Cell Res. 

2015;1853(10).  

109.  Fukuda K, Hibiya Y, Mutoh M, Koshiji M, Akao S, Fujiwara H. 

Inhibition by berberine of cyclooxygenase-2 transcriptional activity in 

human colon cancer cells. J Ethnopharmacol. 1999;66(2):227–33.  

110.  Zhou J, Zhou S. Berberine regulates peroxisome proliferator-

activated receptors and positive transcription elongation factor b 

expression in diabetic adipocytes. Eur J Pharmacol. 2010;649(1–

3):390–7.  

111.  Wang H, Zhu C, Ying Y, Luo L, Huang D, Luo Z. Metformin and 

berberine, two versatile drugs in treatment of common metabolic 

diseases. Oncotarget. 2018;9(11):10135.  

112.  An Y, Sun Z, Zhang Y, Liu B, Guan Y, Lu M. The use of berberine 

for women with polycystic ovary syndrome undergoing IVF 

treatment. Clin Endocrinol (Oxf). 2014;80(3):425–31.  

113.  Yin J, Ye J, Jia W. Effects and mechanisms of berberine in diabetes 

treatment. Acta Pharm Sin B. 2012;2(4):327–34.  

114.  Li C, Guan X-M, Wang R-Y, Xie Y-S, Zhou H, Ni W-J, et al. 

Berberine mitigates high glucose-induced podocyte apoptosis by 

modulating autophagy via the mTOR/P70S6K/4EBP1 pathway. Life 

Sci. 2020;243:117277.  

115.  Gálvez Buerba EM, Pérez-Hernández M, Domingo MP, Núñez 

Jurado D, Cebolla VL, Matt M, et al. Pharmacological/biological 

effects of berberine. 2013;  

116.  Wang Y, Zidichouski JA. Update on the benefits and mechanisms of 



 Chapter Five                                                                          References   
 
 

106 
 

action of the bioactive vegetal alkaloid berberine on lipid metabolism 

and homeostasis. Cholesterol. 2018;2018.  

117.  Ali F, Alom S, Zaman MK. Berberine: A Comprehensive Review on 

its Isolation, Biosynthesis, Chemistry and Pharmacology. Asian 

Journal of Chemistry. 2021.  

118.  Kong LD, Cheng CHK, Tan RX. Monoamine oxidase inhibitors from 

rhizoma of Coptis chinensis. Planta Med. 2001;67(01):74–6.  

119.  Pan L, Tang Q, Fu Q, Hu B, Xiang J, Qian J. Roles of nitric oxide in 

protective effect of berberine in ethanol-induced gastric ulcer mice. 

Acta Pharmacol Sin. 2005;26(11):1334–8.  

120.  Patil T, Patil S, Patil S, Patil A. Antimicrobial Profile of Antidiabetic 

Drug: Berberine. IJPPR. 2015;7(1):45–50.  

121.  da Silva AR, de Andrade Neto JB, da Silva CR, Campos R de S, 

Costa Silva RA, Freitas DD, et al. Berberine antifungal activity in 

fluconazole-resistant pathogenic yeasts: action mechanism evaluated 

by flow cytometry and biofilm growth inhibition in Candida spp. 

Antimicrob Agents Chemother. 2016;60(6):3551–7.  

122.  Neto FR. Electropharmacological effects of berberine on canine 

cardiac Purkinje fibres and ventricular muscle and atrial muscle of the 

rabbit. Br J Pharmacol. 1993;108(2):534.  

123.  Huang W. The role and mechanism of berberine on coronary arteries. 

Zhonghua Xin Xue Guan Bing Za Zhi. 1990;18(4):231–4.  

124.  Zhang C-Y, Hu Y-C, Zhang Y, Ma W-D, Song Y-F, Quan X-H, et al. 

Glutamine switches vascular smooth muscle cells to synthetic 

phenotype through inhibiting miR-143 expression and upregulating 

THY1 expression. Life Sci. 2021;277:119365.  

125.  Qiu H, Wu Y, Wang Q, Liu C, Xue L, Wang H, et al. Effect of 

berberine on PPARα-NO signalling pathway in vascular smooth 

muscle cell proliferation induced by angiotensin IV. Pharm Biol. 



 Chapter Five                                                                          References   
 
 

107 
 

2017;55(1):227–32.  

126.  Ai X, Yu P, Peng L, Luo L, Liu J, Li S, et al. Berberine: A review of 

its pharmacokinetics properties and therapeutic potentials in diverse 

vascular diseases. Front Pharmacol. 2021;12.  

127.  Huang W, Yan H, Jin J, Yu C, Zhang H. Beneficial effects of 

berberine on hemodynamics during acute ischemic left ventricular 

failure in dogs. Chin Med J (Engl). 1992;105(12):1014–9.  

128.  Qi M, Feng Y, Dai D, Li N, Cheng Y, Dai Y. CPU86017, a berberine 

derivative, attenuates cardiac failure through normalizing calcium 

leakage and downregulated phospholamban and exerting antioxidant 

activity. Acta Pharmacol Sin. 2010;31(2):165–74.  

129.  Huang W. Ventricular tachyarrhythmias treated with berberine. 

Zhonghua Xin Xue Guan Bing Za Zhi. 1990;18(3):155–6.  

130.  Hua Z, Wang XL. Inhibitory effect of berberine on potassium 

channels in guinea pig ventricular myocytes. Yao xue xue bao= Acta 

Pharm Sin. 1994;29(8):576–80.  

131.  Zhou Z, Lan T, Li H, Zhang Y, Wang Y. Effects of berberine on 

single Ca2+ channel current in cultured embryonic chick ventricular 

myocytes. Hua xi yi ke da xue xue bao= J West China Univ Med Sci 

Huaxi Yike Daxue Xuebao. 1995;26(3):287–90.  

132.  Lee MK, Kim HS. Inhibitory effects of protoberberine alkaloids from 

the roots of Coptis japonica on catecholamine biosynthesis in PC12 

cells. Planta Med. 1996;62(01):31–4.  

133.  Wong KK. Mechanism of the aortic relaxation induced by low 

concentrations of berberine. Planta Med. 1998;64(08):756–7.  

134.  Cao JW, Luo HS, Yu BP, Huang XD, Sheng ZX, Yu JP. Effects of 

berberine on intracellular free calcium in smooth muscle cells of 

guinea pig colon. Digestion. 2001;  

135.  Hara A, Iizuka N, Hamamoto Y, Uchimura S, Miyamoto T, 



 Chapter Five                                                                          References   
 
 

108 
 

Tsunedomi R, et al. Molecular dissection of a medicinal herb with 

anti-tumor activity by oligonucleotide microarray. Life Sci. 2005;  

136.  Zhao X, Zhang J, Tong N, Liao X, Wang E, Li Z, et al. Berberine 

attenuates doxorubicininduced cardiotoxicity in mice. J Int Med Res. 

2011;  

137.  Lv X, Yu X, Wang Y, Wang F, Li H, Wang Y, et al. Berberine 

Inhibits Doxorubicin-Triggered Cardiomyocyte Apoptosis via 

Attenuating Mitochondrial Dysfunction and Increasing Bcl-2 

Expression. PLoS One. 2012;  

138.  Hao G, Yu Y, Gu B, Xing Y, Xue M. Protective effects of berberine 

against doxorubicin-induced cardiotoxicity in rats by inhibiting 

metabolism of doxorubicin. Xenobiotica. 2015;  

139.  Xiong C, Wu YZ, Zhang Y, Wu ZX, Chen XY, Jiang P, et al. 

Protective effect of berberine on acute cardiomyopathy associated 

with doxorubicin treatment. Oncol Lett. 2018;15(4):5721–9.  

140.  Wu YZ, Zhang L, Wu ZX, Shan TT, Xiong C. Berberine Ameliorates 

Doxorubicin-Induced Cardiotoxicity via a SIRT1/p66Shc-Mediated 

Pathway. Oxid Med Cell Longev. 2019;2019.  

141.  Mehrzadi S, Fatemi I, Esmaeilizadeh M, Ghaznavi H, Kalantar H, 

Goudarzi M. Hepatoprotective effect of berberine against 

methotrexate induced liver toxicity in rats. Biomed Pharmacother. 

2018;  

142.  Allameh H, Fatemi I, Malayeri AR, Nesari A, Mehrzadi S, Goudarzi 

M. Pretreatment with berberine protects against cisplatin-induced 

renal injury in male Wistar rats. Naunyn Schmiedebergs Arch 

Pharmacol. 2020;  

143.  Klaassen CD, Liu J, Goyer RA, Waalkes MP. Casarett and Doull ’ S 

Toxicology. The Basic Science of Poison. 2008.  

144.  Singh N, Sharma B. Toxicological effects of berberine and 



 Chapter Five                                                                          References   
 
 

109 
 

sanguinarine. Frontiers in Molecular Biosciences. 2018.  

145.  Kulkarni SK, Dandiya PC, Varandani NL. Pharmacological 

investigations of berberine sulphate. Jpn J Pharmacol. 1972;  

146.  Feynman RP. There’s plenty of room at the bottom: An invitation to 

enter a new field of physics. Miniaturization, Reinhold. 1961;  

147.  Salehi B, Calina D, Docea AO, Koirala N, Aryal S, Lombardo D, et 

al. Curcumin’s nanomedicine formulations for therapeutic application 

in neurological diseases. J Clin Med. 2020;9(2):430.  

148.  Kumar A, Ahuja A, Ali J, Baboota S. Curcumin-loaded lipid 

nanocarrier for improving bioavailability, stability and cytotoxicity 

against malignant glioma cells. Drug Deliv. 2016;23(1):214–29.  

149.  Shi Y, Van der Meel R, Chen X, Lammers T. The EPR effect and 

beyond: Strategies to improve tumor targeting and cancer 

nanomedicine treatment efficacy. Theranostics. 2020;10(17):7921.  

150.  Irvine DJ, Dane EL. Enhancing cancer immunotherapy with 

nanomedicine. Nat Rev Immunol. 2020;20(5):321–34.  

151.  Das SS, Bharadwaj P, Bilal M, Barani M, Rahdar A, Taboada P, et al. 

Stimuli-responsive polymeric nanocarriers for drug delivery, 

imaging, and theragnosis. Polymers (Basel). 2020;12(6):1397.  

152.  Eygeris Y, Patel S, Jozic A, Sahay G. Deconvoluting lipid 

nanoparticle structure for messenger RNA delivery. Nano Lett. 

2020;20(6):4543–9.  

153.  Eom S, Choi G, Nakamura H, Choy J-H. 2-Dimensional 

nanomaterials with imaging and diagnostic functions for 

nanomedicine; a review. Bull Chem Soc Jpn. 2020;93(1):1–12.  

154.  Chen Z. Small-molecule delivery by nanoparticles for anticancer 

therapy. Trends Mol Med. 2010;16(12):594–602.  

155.  Perotti M, Perez L. Virus-like particles and nanoparticles for vaccine 

development against HCMV. Viruses. 2019;12(1):35.  



 Chapter Five                                                                          References   
 
 

110 
 

156.  Caruso F. Engineering of core-shell particles and hollow capsules. In: 

Nano-surface chemistry. Dekker; 2002. p. 505–25.  

157.  Sahu SK, Mallick SK, Santra S, Maiti TK, Ghosh SK, Pramanik P. In 

vitro evaluation of folic acid modified carboxymethyl chitosan 

nanoparticles loaded with doxorubicin for targeted delivery. J Mater 

Sci Mater Med. 2010;21(5):1587–97.  

158.  Talaei F, Azhdarzadeh M, Nasel HH, Moosavi M, Foroumadi A, 

Dinarvand R, et al. Core shell methyl methacrylate chitosan 

nanoparticles: In vitro mucoadhesion and complement activation. 

DARU J Fac Pharmacy, Tehran Univ Med Sci. 2011;19(4):257.  

159.  Francis MF, Cristea M, Winnik FM. Polymeric micelles for oral drug 

delivery: Why and how. Pure Appl Chem. 2004;76(7–8):1321–35.  

160.  Hasirci V, Vrana E, Zorlutuna P, Ndreu A, Yilgor P, Basmanav FB, 

et al. Nanobiomaterials: a review of the existing science and 

technology, and new approaches. J Biomater Sci Polym Ed. 

2006;17(11):1241–68.  

161.  Vert M, Doi Y, Hellwich K-H, Hess M, Hodge P, Kubisa P, et al. 

Terminology for biorelated polymers and applications (IUPAC 

Recommendations 2012). Pure Appl Chem. 2012;84(2):377–410.  

162.  Ghezzi M, Pescina S, Padula C, Santi P, Del Favero E, Cantù L, et al. 

Polymeric micelles in drug delivery: An insight of the techniques for 

their characterization and assessment in biorelevant conditions. J 

Control Release. 2021;332:312–36.  

163.  Mikhail AS, Allen C. Block copolymer micelles for delivery of 

cancer therapy: transport at the whole body, tissue and cellular levels. 

J Control Release. 2009;138(3):214–23.  

164.  Ulbrich K, Hola K, Subr V, Bakandritsos A, Tucek J, Zboril R. 

Targeted drug delivery with polymers and magnetic nanoparticles: 

covalent and noncovalent approaches, release control, and clinical 



 Chapter Five                                                                          References   
 
 

111 
 

studies. Chem Rev. 2016;116(9):5338–431.  

165.  Sabra S, Abdelmoneem M, Abdelwakil M, Mabrouk MT, Anwar D, 

Mohamed R, et al. Self-assembled nanocarriers based on amphiphilic 

natural polymers for anti-cancer drug delivery applications. Curr 

Pharm Des. 2017;23(35):5213–29.  

166.  Bozó T, Wacha A, Mihály J, Bóta A, Kellermayer MSZ. Dispersion 

and stabilization of cochleate nanoparticles. Eur J Pharm Biopharm. 

2017;117:270–5.  

167.  Bilia AR, Piazzini V, Risaliti L, Vanti G, Casamonti M, Wang M, et 

al. Nanocarriers: A successful tool to increase solubility, stability and 

optimise bioefficacy of natural constituents. Curr Med Chem. 

2019;26(24):4631–56.  

168.  Vanti G. Recent strategies in nanodelivery systems for natural 

products: A review. Environ Chem Lett. 2021;19(6):4311–26.  

169.  Cote B, Carlson LJ, Rao DA, Alani AWG. Combinatorial resveratrol 

and quercetin polymeric micelles mitigate doxorubicin induced 

cardiotoxicity in vitro and in vivo. J Control Release. 2015;213:128–

33.  

170.  Rodriguez-Hernandez J, Chécot F, Gnanou Y, Lecommandoux S. 

Toward ‘smart’nano-objects by self-assembly of block copolymers in 

solution. Prog Polym Sci. 2005;30(7):691–724.  

171.  Truong NP, Whittaker MR, Mak CW, Davis TP. The importance of 

nanoparticle shape in cancer drug delivery. Expert Opin Drug Deliv. 

2015;12(1):129–42.  

172.  Owen SC, Chan DPY, Shoichet MS. Polymeric micelle stability. 

Nano Today. 2012;7(1):53–65.  

173.  Cabral H, Matsumoto Y, Mizuno K, Chen Q, Murakami M, Kimura 

M, et al. Accumulation of sub-100 nm polymeric micelles in poorly 

permeable tumours depends on size. Nat Nanotechnol. 



 Chapter Five                                                                          References   
 
 

112 
 

2011;6(12):815–23.  

174.  Bandi SP, Kumbhar YS, Venuganti VVK. Effect of particle size and 

surface charge of nanoparticles in penetration through intestinal 

mucus barrier. J Nanoparticle Res. 2020;22(3):1–11.  

175.  Zhu Y, Meng T, Tan Y, Yang X, Liu Y, Liu X, et al. Negative 

surface shielded polymeric micelles with colloidal stability for 

intracellular endosomal/lysosomal escape. Mol Pharm. 

2018;15(11):5374–86.  

176.  Nelemans LC, Gurevich L. Drug delivery with polymeric 

nanocarriers—cellular uptake mechanisms. Materials (Basel). 

2020;13(2):366.  

177.  Cui C, Xue Y-N, Wu M, Zhang Y, Yu P, Liu L, et al. Cellular uptake, 

intracellular trafficking, and antitumor efficacy of doxorubicin-loaded 

reduction-sensitive micelles. Biomaterials. 2013;34(15):3858–69.  

178.  Rapoport N, Marin A, Luo Y, Prestwich GD, Muniruzzaman MD. 

Intracellular uptake and trafficking of Pluronic micelles in 

drug‐sensitive and MDR cells: Effect on the intracellular drug 

localization. J Pharm Sci. 2002;91(1):157–70.  

179.  Bodratti AM, Alexandridis P. Formulation of poloxamers for drug 

delivery. J Funct Biomater. 2018;9(1):11.  

180.  Butt AM, Amin MCIM, Katas H, Sarisuta N, Witoonsaridsilp W, 

Benjakul R. In vitro characterization of pluronic F127 and D-α-

tocopheryl polyethylene glycol 1000 succinate mixed micelles as 

nanocarriers for targeted anticancer-drug delivery. J Nanomater. 

2012;  

181.  Gioffredi E, Boffito M, Calzone S, Giannitelli SM, Rainer A, 

Trombetta M, et al. Pluronic F127 hydrogel characterization and 

biofabrication in cellularized constructs for tissue engineering 

applications. Procedia Cirp. 2016;49:125–32.  



Chapter Five                                                                          References

113

182. Alexandridis P, Hatton TA. Poly (ethylene oxide) poly (propylene 

oxide) poly (ethylene oxide) block copolymer surfactants in 

aqueous solutions and at interfaces: thermodynamics, structure, 

dynamics, and modeling. Colloids Surfaces A Physicochem Eng Asp. 

1995;96(1–2):1–46. 

183. Gebelein CG. Bioactive polymeric systems, an overview. Bioact 

Polym Syst. 1985;1–15. 

184. Salama AH. Pluronic F127 and its applications. Pharmacologyonline. 

2021;2:1393–403. 

185. Rowe RC. Paul J sheskey and Paul J Weller. Hand Book of 

Pharmaceutical Excipients. Am Pharm asso Press. 2003;132–4. 

186. Qian S, Wong YC, Zuo Z. Development, characterization and 

application of in situ gel systems for intranasal delivery of tacrine. Int 

J Pharm. 2014;468(1–2):272–82. 

187. Kataoka K, Harada A, Nagasaki Y. Block copolymer micelles for 

drug delivery: design, characterization and biological significance. 

Adv Drug Deliv Rev. 2012;64:37–48. 

188. Kositza MJ, Bohne C, Alexandridis P, Hatton TA, Holzwarth JF. 

Dynamics of micro-and macrophase separation of amphiphilic block-

copolymers in aqueous solution. Macromolecules. 1999;32(17):5539–

51. 

189. Torchilin VP. Structure and design of polymeric surfactant-based 

drug delivery systems. J Control release. 2001;73(2–3):137–72. 

190. Batrakova E V, Kabanov A V. Pluronic block copolymers: evolution 

of drug delivery concept from inert nanocarriers to biological 

response modifiers. J Control release. 2008;130(2):98–106. 

191. Gregoriou Y, Gregoriou G, Yilmaz V, Kapnisis K, Prokopi M, 

Anayiotos A, et al. Resveratrol loaded polymeric micelles for

theranostic targeting of breast cancer cells. Nanotheranostics. 



 Chapter Five                                                                          References   
 
 

114 
 

2021;5(1):113.  

192.  Almeida TC, Seibert JB, Almeida SH de S, Amparo TR, Teixeira LF 

de M, Barichello JM, et al. Polymeric micelles containing resveratrol: 

development, characterization, cytotoxicity on tumor cells and 

antimicrobial activity. Brazilian J Pharm Sci. 2020;56.  

193.  Besegato F, Chorilli M, Deng D, Bagnato S. Curcumin-loaded 

Pluronic® F-127 Micelles as a Drug Delivery System for Curcumin-

mediated Photodynamic Therapy for Oral Application. Photochem 

Photobiol. 2021;  

194.  Al Fatease A, Shah V, Nguyen DX, Cote B, LeBlanc N, Rao DA, et 

al. Chemosensitization and mitigation of Adriamycin-induced 

cardiotoxicity using combinational polymeric micelles for co-delivery 

of quercetin/resveratrol and resveratrol/curcumin in ovarian cancer. 

Nanomedicine Nanotechnology, Biol Med. 2019;19:39–48.  

195.  Kwon SH, Kim SY, Ha KW, Kang MJ, Huh JS, Im Jong T, et al. 

Pharmaceutical evaluation of genistein-loaded pluronic micelles for 

oral delivery. Arch Pharm Res. 2007;30(9):1138–43.  

196.  Mostafavi E, Soltantabar P, Webster TJ. Nanotechnology and 

picotechnology: a new arena for translational medicine. In: 

Biomaterials in translational medicine. Elsevier; 2019. p. 191–212.  

197.  Mirhadi E, Rezaee M, Malaekeh-Nikouei B. Nano strategies for 

berberine delivery, a natural alkaloid of Berberis. Biomed 

Pharmacother. 2018;104:465–73.  

198.  Kapoor R, Singh S, Tripathi M, Bhatnagar P, Kakkar P, Gupta KC. 

O-hexadecyl-dextran entrapped berberine nanoparticles abrogate high 

glucose stress induced apoptosis in primary rat hepatocytes. PLoS 

One. 2014;9(2):e89124.  

199.  Shen R, Kim JJ, Yao M, Elbayoumi TA. Development and evaluation 

of vitamin E D-α-tocopheryl polyethylene glycol 1000 succinate-



 Chapter Five                                                                          References   
 
 

115 
 

mixed polymeric phospholipid micelles of berberine as an anticancer 

nanopharmaceutical. Int J Nanomedicine. 2016;11:1687–700.  

200.  Calvo A, Moreno E, Larrea E, Sanmartín C, Irache JM, Espuelas S. 

Berberine-loaded liposomes for the treatment of Leishmania 

infantum-infected BALB/c mice. Pharmaceutics. 2020;12(9):858.  

201.  Pandey S, Mewada A, Thakur M, Shah R, Oza G, Sharon M. 

Biogenic gold nanoparticles as fotillas to fire berberine hydrochloride 

using folic acid as molecular road map. Mater Sci Eng C. 

2013;33(7):3716–22.  

202.  Attachaipanich T, Chattipakorn SC, Chattipakorn N. Potential Roles 

of Melatonin in Doxorubicin-Induced Cardiotoxicity: From Cellular 

Mechanisms to Clinical Application. Pharmaceutics. 2023;15(3):785.  

203.  Niu J, Yuan M, Chen C, Wang L, Tang Z, Fan Y, et al. Berberine-

loaded thiolated pluronic f127 polymeric micelles for improving skin 

permeation and retention. Int J Nanomedicine. 2020;15:9987–10005.  

204.  Patel V, Ray D, Bahadur A, Ma J, Aswal VK, Bahadur P. Pluronic®-

bile salt mixed micelles. Colloids Surfaces B Biointerfaces. 

2018;166:119–26.  

205.  Carvalho PM, Felício MR, Santos NC, Gonçalves S, Domingues 

MM. Application of light scattering techniques to nanoparticle 

characterization and development. Front Chem. 2018;6:237.  

206.  Sahibzada MUK, Sadiq A, Sfaidah H, Khurram M, Amin MU, 

Haseeb A, et al. Berberine nanoparticles with enhanced in vitro 

bioavailability: Characterization and antimicrobial activity. Drug Des 

Devel Ther. 2018 Feb 14;12:303–12.  

207.  Vuddanda PR, Rajamanickam VM, Yaspal M, Singh S. 

Investigations on agglomeration and haemocompatibility of Vitamin 

E TPGS surface modified berberine chloride nanoparticles. Biomed 

Res Int. 2014;2014.  



 Chapter Five                                                                          References   
 
 

116 
 

208.  Kuete V, Karaosmanoğlu O, Sivas H. Anticancer Activities of 

African Medicinal Spices and Vegetables. In: Medicinal Spices and 

Vegetables from Africa: Therapeutic Potential Against Metabolic, 

Inflammatory, Infectious and Systemic Diseases. Elsevier; 2017. p. 

271–97.  

209.  Chou T-C. Drug combination studies and their synergy quantification 

using the Chou-Talalay methodsynergy quantification method. 

Cancer Res. 2010;70(2):440–6.  

210.  Chou T-C, Talalay P. Quantitative analysis of dose-effect 

relationships: the combined effects of multiple drugs or enzyme 

inhibitors. Adv Enzyme Regul. 1984;22:27–55.  

211.  Buege JA. Microsomal lipid peroxidation. Methods Enzymol. 

1978;52:302–10.  

212.  Alisik M, Neselioglu S, Erel O. A colorimetric method to measure 

oxidized, reduced and total glutathione levels in erythrocytes. J Lab 

Med. 2019;43(5):269–77.  

213.  Bergmeyer HU, Bergmeyer J, Grass M. Methods of Enzymatic 

Analysis Weinheim: Verlag Chemie. 1974;  

214.  Yang Y, Li J, Wei C, He Y, Cao Y, Zhang Y, et al. Amelioration of 

nonalcoholic fatty liver disease by swertiamarin in fructose-fed mice. 

Phytomedicine. 2019;59:152782.  

215.  Fisher RA. Statistical Methods for Research Workers BT  - 

Breakthroughs in Statistics: Methodology and Distribution. In: Kotz 

S, Johnson NL, editors. New York, NY: Springer New York; 1992. p. 

66–70. Available from: https://doi.org/10.1007/978-1-4612-4380-9_6 

216.  Lapteva M, Mondon K, Möller M, Gurny R, Kalia YN. Polymeric 

micelle nanocarriers for the cutaneous delivery of tacrolimus: A 

targeted approach for the treatment of psoriasis. Mol Pharm. 

2014;11(9):2989–3001.  



 Chapter Five                                                                          References   
 
 

117 
 

217.  Basalious EB, Shamma RN. Novel self-assembled nano-tubular 

mixed micelles of Pluronics P123, Pluronic F127 and 

phosphatidylcholine for oral delivery of nimodipine: In vitro 

characterization, ex vivo transport and in vivo pharmacokinetic 

studies. Int J Pharm. 2015;493(1–2):347–56.  

218.  Alalaiwe A, Wang PW, Lu PL, Chen YP, Fang JY, Yang SC. 

Synergistic anti-MRSA activity of cationic nanostructured lipid 

carriers in combination with oxacillin for cutaneous application. Front 

Microbiol. 2018;9(JUL):1493.  

219.  Shanmugam S, Park JH, Kim KS, Piao ZZ, Yong CS, Choi HG, et al. 

Enhanced bioavailability and retinal accumulation of lutein from self-

emulsifying phospholipid suspension (SEPS). Int J Pharm. 

2011;412(1–2):99–105.  

220.  Wang Z, Chen P, Guo M, Yang X, Song W, Huang F. 

Physicochemical Characterization of Berberine-loaded Pluronic F127 

Polymeric Micelles and In Vivo Evaluation of Hypoglycemic Effect. 

J Pharm Innov. 2022;1–10.  

221.  Kanoujia J, Kushwaha PS, Saraf SA. Evaluation of gatifloxacin 

pluronic micelles and development of its formulation for ocular 

delivery. Drug Deliv Transl Res. 2014;4(4):334–43.  

222.  Papakostas D, Rancan F, Sterry W, Blume-Peytavi U, Vogt A. 

Nanoparticles in dermatology. Arch Dermatol Res. 2011;303(8):533–

50.  

223.  Bachhav YG, Mondon K, Kalia YN, Gurny R, Möller M. Novel 

micelle formulations to increase cutaneous bioavailability of azole 

antifungals. J Control Release. 2011;153(2):126–32.  

224.  Prokop A, Davidson JM. Nanovehicular intracellular delivery 

systems. J Pharm Sci. 2008;97(9):3518–90.  

225.  Rizvi SAA, Saleh AM. Applications of nanoparticle systems in drug 



 Chapter Five                                                                          References   
 
 

118 
 

delivery technology. Saudi Pharm J. 2018;26(1):64–70.  

226.  Souza TGF, Ciminelli VST, Mohallem NDS. A comparison of TEM 

and DLS methods to characterize size distribution of ceramic 

nanoparticles. In: Journal of Physics: Conference Series. IOP 

Publishing; 2016. p. 12039.  

227.  Karolewicz B, Górniak A, Owczarek A, Zurawska-Płaksej E, 

Piwowar A, Pluta J. Thermal, spectroscopic, and dissolution studies 

of ketoconazole-Pluronic F127 system. J Therm Anal Calorim. 

2014;115(3):2487–93.  

228.  Nguyen HT, Pham TN, Le AT, Thuy NT, Huy TQ, Nguyen TTT. 

Antibacterial activity of a berberine nanoformulation. Beilstein J 

Nanotechnol. 2022;13(1):641–52.  

229.  Koide T, Iwata M, Maekawa K, Saito H, Tanimoto T, Okada S. 

Berberine Hydrochloride Reference Standard (Control 001) of 

National Institute of Health Sciences. Bull Natl Inst Heal Sci. 

2001;(119):97–100.  

230.  Choudhury D, Jala A, Murty US, Borkar RM, Banerjee S. In Vitro 

and In Vivo Evaluations of Berberine-Loaded Microparticles Filled 

In-House 3D Printed Hollow Capsular Device for Improved Oral 

Bioavailability. AAPS PharmSciTech. 2022;23(4):89.  

231.  Gurunath S, Kumar SP, Basavaraj NK, Patil PA. Amorphous solid 

dispersion method for improving oral bioavailability of poorly water-

soluble drugs. J Pharm Res. 2013;6(4):476–80.  

232.  Zhang Y, Chan HF, Leong KW. Advanced materials and processing 

for drug delivery: the past and the future. Adv Drug Deliv Rev. 

2013;65(1):104–20.  

233.  Sotoudegan F, Amini M, Faizi M, Aboofazeli R. Nimodipine-loaded 

Pluronic® block copolymer micelles: preparation, characterization, 

in-vitro and in-vivo studies. Iran J Pharm Res IJPR. 2016;15(4):641.  



 Chapter Five                                                                          References   
 
 

119 
 

234.  Ding Y, Wang C, Wang Y, Xu Y, Zhao J, Gao M, et al. Development 

and evaluation of a novel drug delivery: Soluplus®/TPGS mixed 

micelles loaded with piperine in vitro and in vivo. Drug Dev Ind 

Pharm. 2018;44(9):1409–16.  

235.  Chen L, Sha X, Jiang X, Chen Y, Ren Q, Fang X. Pluronic 

P105/F127 mixed micelles for the delivery of docetaxel against 

Taxol-resistant non-small cell lung cancer: Optimization and in vitro, 

in vivo evaluation. Int J Nanomedicine. 2012;8:73–84.  

236.  Alvarez-Lorenzo C, Sosnik A, Concheiro A. PEO-PPO Block 

Copolymers for Passive Micellar Targeting and Overcoming 

Multidrug Resistance in Cancer Therapy. Curr Drug Targets. 

2011;12(8):1112–30.  

237.  Mayer A, Vadon M, Rinner B, Novak A, Wintersteiger R, Fröhlich E. 

The role of nanoparticle size in hemocompatibility. Toxicology. 

2009;258(2–3):139–47.  

238.  De La Harpe KM, Kondiah PPD, Choonara YE, Marimuthu T, Du 

Toit LC, Pillay V. The hemocompatibility of nanoparticles: A review 

of cell-nanoparticle interactions and hemostasis. Cells. 

2019;8(10):1209.  

239.  Ritz S, Schöttler S, Kotman N, Baier G, Musyanovych A, Kuharev J, 

et al. Protein Corona of Nanoparticles: Distinct Proteins Regulate the 

Cellular Uptake. Biomacromolecules. 2015;16(4):1311–21.  

240.  Sun H, Lv L, Bai Y, Yang H, Zhou H, Li C, et al. Nanotechnology-

enabled materials for hemostatic and anti-infection treatments in 

orthopedic surgery. Int J Nanomedicine. 2018;13:8325–38.  

241.  Wang Y, Liao J, Luo Y, Li M, Su X, Yu B, et al. Berberine Alleviates 

Doxorubicin-Induced Myocardial Injury and Fibrosis by Eliminating 

Oxidative Stress and Mitochondrial Damage via Promoting Nrf-2 

Pathway Activation. Int J Mol Sci. 2023;24(4):3257.  



 Chapter Five                                                                          References   
 
 

120 
 

242.  Almatroodi SA, Alsahli MA, Rahmani AH. Berberine: An important 

emphasis on its anticancer effects through modulation of various cell 

signaling pathways. Molecules. 2022;27(18):5889.  

243.  Wei Z, Yuan S, Hao J, Fang X. Mechanism of inhibition of P-

glycoprotein mediated efflux by Pluronic P123/F127 block 

copolymers: relationship between copolymer concentration and 

inhibitory activity. Eur J Pharm Biopharm. 2013;83(2):266–74.  

244.  Zhu Y, Xie N, Chai Y, Nie Y, Liu K, Liu Y, et al. Apoptosis 

induction, a sharp edge of berberine to exert anti-cancer effects, focus 

on breast, lung, and liver cancer. Front Pharmacol. 2022;13:803717.  

245.  Kciuk M, Gielecińska A, Mujwar S, Kołat D, Kałuzińska-Kołat Ż, 

Celik I, et al. Doxorubicin—An Agent with Multiple Mechanisms of 

Anticancer Activity. Cells. 2023;12(4):659.  

246.  Plana D, Palmer AC, Sorger PK. Independent drug action in 

combination therapy: implications for precision oncology. Cancer 

Discov. 2022;12(3):606–24.  

247.  Jia Z, Lin L, Huang S, Zhu Z, Huang W, Huang Z. Inhibition of 

autophagy by berberine enhances the survival of H9C2 myocytes 

following hypoxia. Mol Med Rep. 2017;16(2):1677–84.  

248.  Jin P, Zhang C, Li N. Berberine exhibits antitumor effects in human 

ovarian cancer cells. Anti-Cancer Agents Med Chem (Formerly Curr 

Med Chem Agents). 2015;15(4):511–6.  

249.  Siebel C, Lanvers-Kaminsky C, Würthwein G, Hempel G, Boos J. 

Bioanalysis of doxorubicin aglycone metabolites in human plasma 

samples–implications for doxorubicin drug monitoring. Sci Rep. 

2020;10(1):1–7.  

250.  Wu YJ, Li LF, Meng JH. Study on the Pharmacokinetics of 

Berberine. J Math Med. 2008;21:217–9.  

 



 Chapter Five                                                                          References   
 
 

121 
 

251.  Kaur M, Singh J, Tandon R, Gautam N. Evaluation of myocardial 

injury using standard diagnostic tools and tissue Doppler imaging in 

blunt trauma chest. J Clin diagnostic Res JCDR. 2017;11(6):OC33.  

252.  Zeng Y, Zhao Y, Dai S, Liu Y, Zhang R, Yan H, et al. Impact of 

lactate dehydrogenase on prognosis of patients undergoing cardiac 

surgery. BMC Cardiovasc Disord. 2022;22(1):404.  

253.  Baird MF, Graham SM, Baker JS, Bickerstaff GF. Creatine-kinase-

and exercise-related muscle damage implications for muscle 

performance and recovery. J Nutr Metab. 2012;2012.  

254.  Bertinchant JP, Robert E, Polge A, Marty-Double C, Fabbro-Peray P, 

Poirey S, et al. Comparison of the diagnostic value of cardiac 

troponin I and T determinations for detecting early myocardial 

damage and the relationship with histological findings after 

isoprenaline-induced cardiac injury in rats. Clin Chim acta. 

2000;298(1–2):13–28.  

255.  Shahid MH, Anjum I, Mushtaq MN, Riaz S. Cardioprotective effect 

of boswellic acids against doxorubicin induced myocardial infarction 

in rats. Pak J Pharm Sci. 2021;34.  

256.  Wu YZ, Zhang L, Wu ZX, Shan TT, Xiong C. Berberine Ameliorates 

Doxorubicin-Induced Cardiotoxicity via a SIRT1/p66Shc-Mediated 

Pathway. Oxid Med Cell Longev. 2019;2019.  

257.  Asensio-López MC, Soler F, Pascual-Figal D, Fernández-Belda F, 

Lax A. Doxorubicin-induced oxidative stress: The protective effect of 

nicorandil on HL-1 cardiomyocytes. PLoS One. 

2017;12(2):e0172803.  

258.  Dulf PL, Mocan M, Coadă CA, Dulf DV, Moldovan R, Baldea I, et 

al. Doxorubicin-induced acute cardiotoxicity is associated with 

increased oxidative stress, autophagy, and inflammation in a murine 

model. Naunyn Schmiedebergs Arch Pharmacol. 2023;1–11.  



 Chapter Five                                                                          References   
 
 

122 
 

 

259.  C Pereira G, M Silva A, V Diogo C, S Carvalho F, Monteiro P, J 

Oliveira P. Drug-induced cardiac mitochondrial toxicity and 

protection: from doxorubicin to carvedilol. Curr Pharm Des. 

2011;17(20):2113–29.  

260.  Yadav UCS. Oxidative stress-induced lipid peroxidation: role in 

inflammation. Free Radicals Hum Heal Dis. 2015;119–29.  

261.  Meng Y-Y, Yuan Y-P, Zhang X, Kong C-Y, Song P, Ma Z-G, et al. 

Protection against doxorubicin-induced cytotoxicity by geniposide 

involves AMPKα signaling pathway. Oxid Med Cell Longev. 

2019;2019.  

262.  Gholampour F, Keikha S. Berberine protects the liver and kidney 

against functional disorders and histological damages induced by 

ferrous sulfate. Iran J Basic Med Sci. 2018;21(5):476.  

263.  Moon J-S, Nakahira K, Chung K-P, DeNicola GM, Koo MJ, Pabón 

MA, et al. NOX4-dependent fatty acid oxidation promotes NLRP3 

inflammasome activation in macrophages. Nat Med. 

2016;22(9):1002–12.  

264.  Riad A, Bien S, Gratz M, Escher F, Heimesaat MM, Bereswill S, et 

al. Toll‐like receptor‐4 deficiency attenuates doxorubicin‐induced 

cardiomyopathy in mice. Eur J Heart Fail. 2008;10(3):233–43.  

265.  Yuan Y-P, Ma Z-G, Zhang X, Xu S-C, Zeng X-F, Yang Z, et al. 

CTRP3 protected against doxorubicin-induced cardiac dysfunction, 

inflammation and cell death via activation of Sirt1. J Mol Cell 

Cardiol. 2018;114:38–47.  

266.  Qin-Wei Z, Yong-Guang LI. Berberine attenuates myocardial 

ischemia reperfusion injury by suppressing the activation of 

PI3K/AKT signaling. Exp Ther Med. 2016;11(3):978–84.  

 



 Chapter Five                                                                          References   
 
 

123 
 

267.  Olsson M, Zhivotovsky B. Caspases and cancer. Cell Death Differ. 

2011;18(9):1441–9.  

 

268.  Carlson LJ, Cote B, Alani AWG, Rao DA. Polymeric micellar co-

delivery of resveratrol and curcumin to mitigate in vitro doxorubicin-

induced cardiotoxicity. J Pharm Sci. 2014;103(8):2315–22.  

269.  Abdulredha A, Abosaooda M, Al-Amran F, Hadi NR. Berberine 

protests the heart from ischemic reperfusion injury via interference 

with oxidative and inflammatory pathways. Med Arch. 

2021;75(3):174.  

270.  Jang YM, Kendaiah S, Drew B, Phillips T, Selman C, Julian D, et al. 

Doxorubicin treatment in vivo activates caspase-12 mediated cardiac 

apoptosis in both male and female rats. FEBS Lett. 2004;577(3):483–

90.  



 

 أ 

 الخالصة

و  ال ىىع   وعاا وكياىىيش عضعالىى  عي يىىع ج غضىىرغىىرو رم الضل ىىر علىىا رغىىمن  الىىش ر الوىىع  رغار ىىد غىىروري رغر

غا ية رغقلبية رغ صعحبة غلضىرج كعغر ش وعاا وكياىيرغ مضا رغ صعكيش كأاارع الخللفة الش رغامطعاعت ر  رن الوكلة ر

امطعن كهذر رغروري. علا اث رغل ت ث  تحريع اله ع غنجعح عرج المضا رغ هىع ي ت  رجمرئرغمن  الش رغك  رغكبيم الش رغبح

علا هىذ  رغ وىكلة نعاى    اجىر غحىر ر ن عىرج نضىعر القىم  ىم غللغلب  ة رغ صىعحبة ميع غضىرج الوىكلة رغاى ية رغقلبيىيي

غ  هنىىعا حعجىىة الع ىىة غلدىىايم طميقىىة جريىىرة غللقليىى  الىىش رغاىى ية رغقلبيىىة رغ وعاا وكياىىيش. غىىذ  صىىعحبة غلضىىرج كعغر

وعاا  اقت تحعنظ علا نضعغيغلر ة ئيىة رغدبيضيىرغ  ع ة غلاىمطعن. يضلبىم ر ىلخررم رغ ىار  رغكي يعل  وكيايش ني افس رغ

ش. رن عاا وكياىيرولغ صىعحبةذرت رغ نوئ رغنبعتي أحر ر  لمرتلجيعت رغلي ي كش ر لخررالهع غلقلي  رغا ية رغقلبيىة رغ 

ا الثعر علا رغ نلجعت رغنبعتية رغدبيضية رغلي    رو يىة ذوكعاىي كش ر لخررالهع غهذر رغغمض وغكىش كاىبب الحرغبمكميش ه

ايىة نىعن نضعغيىة ر ىلخررم  ا   رخى  رغجاى  وتىراي افعذيلى  رغخل عالى  غبمكىميش عضركعغ عي رغلي تؤ   رغا قلة تارنم  رغحي

م.   ورئي قر قيرت رغا حر عبي

افىىيي الذيلىىة رغبلا واىى    أو :ت ىى نت رغر ر ىىة أىىرث أجىىيري  ئياىىية هىىي   رغباغي يميىىة 127توىىكي  وت

ا  غغمض ر عدعي رغرورئي غلبمكىميش. أعايىع يىع اقعئيىة غلخررغنضعغيىعت رغبمكىميش تحريىر  :)الذيلة رغبمكميش( عحعال  اعا

غ حااة غلضرج ني رغخريع رغامطعاية اقىعئي غلبر لخررم تمرعيي الخللفة. وأعغثع: تقيىي  رغلىعأيم ر رغقلبية ور مكىميش علىا غ

وعاا وكيايش كلمعيي غلضرج كخريع رغقلب عنر تضمضهع  وعاا و 1عغر ا   ورغذ  ي ث  تمعيي رغر كياىيش نىي اللي ال

 رغضرجية. كرزالع ر ااعن كضر إعدعي  كعغجمع 

عدى  ت ي عي رغىرورئتوكي  الذيلة رغبمكميش كع لخررم تقنية رغلمطيىب رغمقيىب كقصىر حى  رغلحىريعت رغ لضلقىة كع 

وااىبة تغليفى  وحجى  رغ ذيلىة وتحريىر رغوىحنغلبمكميش.  ت  تافيي رغ ذيلة الش حيث ااب يىة ة رغكهمكعئة تح ي  رغروري 

ش  رخى  يىم رغبمكىميغهع )تحلي  جهر زيلع( وشك  رغ ذيلة كع لخررم رغ جهم ر غكلمواي رغنعنذ وقعكلية رغ ذيلة علىا تحم

نعاليكي رغهيىر و ي الضىرر رغحجى  نرغ خلبىم. عىعرغ خلبم ورغلحم  عش  ى يلهع الىش خىرر رخلبىع  ر احىرر رغىرالي نىي 

ا  ت. كينىت اللىي ناغى 47.4-وجهىر زيلىع كحىرو   0.176اعاا اليلم والضرر الؤشم رغلولت رغ لضىر  هىا  82.2غل ذيلة ه

ا  ر شىضة رغاىينية كىأن رغبمكى ونحىص الديعنيىةالعئج نحص تحاي  نا يي  غلديي كعألشضة تحت رغح مري  ميش قىر حيى

م  رغبمكىميش الىش الحر لقم نيييعئع  رخ  رغ ذيلة رغ صنضة وكهيئة ن يش لىار رغبمكىميم اللبلا ة ااىبيع. عنىر القع اىة تحى

م  رغبمكىميش الىش رغ ذيلىة م  الش رغ ذيلة عنر رغفحص  رخ  رغ خلبم تبىيش رن تحى ان علىا  رغحم الد رغبمكميش رغ لح يكى

م  رغبديي خىرر نلىمة ال لىرة الىش رغىيالش. كينىت الىع غاميد علا رغ رى رغقصيم ورغلح م  ر رخلبىع  ئج هيئليش ه ع رغلح

ايع ونيم  عالة اابيع. ارنقة حي م كأن الذيلة رغبمكميش رغ صنضة الل  ر احرر رغرالي ني رغ خلب

اقىت رغ حعن ىة  غغمض تحرير قعكلية الذيلة رغبميميش علا ح عية خريع رغقلب الش   ية رغبميميش وني افىس رغ

ايىىة رغخريىىع رغقلبيىىة ( غMTTعلىىا تىىأأيم  رغ حاىىس غلضىىرج نىىي رغخريىىع رغاىىمطعاية تىى  ر ىىلخررم رخلبىىع ) لحريىىر حي



 

 ب 

(H9c2( وخريع  مطعن رغ بيض رغغر )SKOV-3 عنر تضمضهع غلبمكميش رغحم رو الذيلىة رغبمكىميش غاحىره ع رو )

وعاا وكيايش. وك  الالق  كهيئة تاغيفعت  ورئية الد  وري رغر م رغلاغيفىة  عنر إعدعي ع  ورحر النه  ك ت  ر لخررم الؤش

( ككر الش الذيلة رغبمكميش الد  وري H9c2غلاغيفعت رغ خللفة. رن الضعاللة رغخريع رغقلبية)( غلحرير تأأيمرت رCIرغرورئية)

اب غلثبيط اصي رغخريع) وعاا وكيايش الج عن  زيع ة ني رغلمعيي رغ دل ( عنر القع الى  كعغخريىع رغ ضعغجىة IC50رغر

وعاا وكياىي وعاا وكيايش نقىط حيىث أرهىمت تاغيفىة الذيلىة رغبمكىميش ورغر ل ىع ر غلر غىة علىا كروري رغر ش تىأأيمر ال

عدىىىعي الذيلىىىة رغبمكىىىميش حاىىىنت الىىىش  ارقي غلخريىىىع رغقلبيىىىة غ ذيلىىىة رغبمكىىىميش.  كينىىىت هىىىذ  رغر ر ىىىة كىىىأن إ م رغىىى رغلىىىأأي

م رغلاغيفىة رغرورئيىة ) اية رغخريع والؤش ارقي غلقلب. وعلا رغنقيض رشع ت    ت نحص حي ( نىي CIتأأيمرغبمكميش رغ

أرهىىمت تىىأأيمر تىىأز   الؤشىىمة علىىا زيىىع ة تحاىىس SKOV-3خريىىع  ىىمطعن رغ بىىيض رغغىىر ) ن هىىذ  رغلاغيفىىة  ( كىىأ

ا  الذيلة رغبمكميش وعاا وكيايش كابب وج  رغخريع رغامطعاية غلر

م  أجميت ني هذ  رغر ر ة ت  تحرير إالكعايىة عىر الىش رغبمكىميش رغحى اعة رألخيمة الش رغلجع ب رغلي  ني رغ ج 

وعاا وكيايش عنر تمعيي رو الذيلة رغبمكميش ني ح عية رغخريع رغقل ا   ورغذ  ي ثى  تمعيىي  1بية الش تعأيم رغر اللي ال

ت  نت رغ جعاليد رغلجميبيىة غهىذ  رغ جىعاليد عىر  وعاا وكيايش ني رغبرزالع رغبومية كضر إعدعي رغجمع رغضرجية.  رغر

اعة رغ ضعغجة ك ذيلة رغبمكىميش ور اعة رغ ضعغجة كعغبمكميش ورغ ج  اعة رغايدمة ورغ ج  اعىة رغ ضعغجىة الش: الج  غ ج 

اعىة رغ ضعغجىة كعغ ذيلىة رغفع نىة. تى  تحريىر رغلغيىمرت نىي عىر الىش الؤشىمرت  وعاا وكيايش كع ضىعنة رغىا رغ ج  كعغر

ل ىىىى نة ) ايىىىىة رغ  ان )LDH,CK-MB,cTn-1رغقلىىىىب رغحي م كيموعاىىىىرة رغىىىىره ( MDA( ورغلغيىىىىمرت نىىىىي الؤشىىىى

ل  ش نضعغيىة ) ار  رغ  اى رر )  (CAT,SODورغلغيمرت ني الؤشمرت ر جهع  رغلعع ورغاىعيلاعينعت  (GSHوالاىل

ات رغخريىىىع قاىىى  الىىىش  ( كع ضىىىعنة رغىىىا قيىىىع  نضعغيىىىة IL-β, IL-6رغ حمضىىىة علىىىا ر غلهىىىعب ) كموتينىىىعت الىىى

ايىة )caspase3/7رغ بمالج) وعاا وكيايش زيىع ة الضن اعة رغ ضعغجة كعغر رهمت رغ ج  (  نىي الؤشىمرت P <0.05( أ

غا ية رغقلبية والؤشم كيموعارة ر ان وتحميم رغجىذو  رغحىمةرايي عت ر ورغاىعيلاعينعت رغ حمضىة علىا ر غلهىعب  غره

اعىة رغ ضعغجىة  وعاا وكياىيش أرهىمت رغ ج  اعىة رغر ات رغخريع رغ بمالج. علا رغضكس الش الج  ونضعغية كموتينعت ال

وعاا وكيايش راخفعضع ال وعاا وكيايش رو الذيلة رغبمكميش ورغر اة الش رغبمكميش ورغر ا ايع )كعغلاغيفة رغرورئية رغ ك  Pضن

 (CAT,SOD( كين ىىىع تحاىىىنت نضعغيىىىة عىىىر الىىىش )LDH,CK-MB,cTn-1,MDA( نىىىي عىىىر الىىىش )0.05>

اى) ايىىع )GSHوالاىىل عدعئه ىىع الىىد P ≤0.05(الضن ( نىىي حىىيش خفىىض عىىر الىىش رغبمكىىميش رو الذيلىىة رغبمكىىميش عنىىر ر

وعاا وكيايش ات رغخريع رغ بمالج) الش نضعغية كموتينعت رغر م كع شىعcaspase3/7ال  ة رغيى  رن ر ىلخررم (. الش رغجري

وعاا وكياىىيش حاىىش كوىىك  ورضىى  ) عدىىعي  الىىد رغر اكيىىة نىىي تحميىىم رغبمكىىميش عنىىر ر م P<0.05رغ ذيلىىة رغنعا ( رغلىىعأي

وعاا وكيايش  .رغارقي غلبمكميش ضر رغا ية رغقلبية رغ الحرأة ب رغر

ر  ع ت رألجيري رغلجميبية الش هىذ  رغر ر ىة ر  ىلنلعج كىأن تصىنيد الىذيرت رغبىاغي م  هىي طميقىة    127 

نم و يلة جريرة غإلعدعي رغرورئي غلبمكميش وي كش رن تضر الرخر ورعىرر غضىرج  ا البعشمة كايدة إغا حر الع ي كش أن ت



 

 ت 

م تىعأيم الذيلىة رغبمكىميش علىا ح عيىة رغخريىع رغقلبيىة الىش  ى ية  وعاا وكيايش. غى  يقلصى غا ية رغقلبية رغ الحرأة كعغر ر

وعاا  رغ  ىع  غلاىمطعن عنىر رعدعيهىع الضى  نىي خريىع  ىمطعن رغ بىيض رغبمكميش ك  عيزت الش تعأيم رغر وكيايش 

وهذر كحر ذرت  ي ث  اهجع عرجيع الالقبليع ورعرر غضرج رغامطعن  .رغغر  
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ين على برتأثير الحامل البوليميري النانوي المحمل بالبر
 السمية القلبية المحدثة بالدوكسيروبيسن
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