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ABSTRACT 
 

Background 
 

Chrysin is a phytoconstituent belonging to flavonoid category which exhibits 

various pharmacological activities including anti-cancer. However, the oral 

bioavailability of chrysin is severely low due to its poor aqueous solubility, 

extensive first pass metabolism and stability problems. 

Objectives 

 

The main objective of the present study is to formulate and characterize chrysin 

loaded phytosomes and pharmacologically evaluate its anticancer activity for the 

treatment of colorectal cancer in Wistar rats. 

Methodology 

 

Chrysin loaded phytosomes were prepared using antisolvent precipitation 

technique. respectively. The prepared formulations were characterized for particle 

size, polydispersity index, zeta potential, entrapment efficiency, surface 

morphology, transition temperature, polymorphic state, compatibility between 

chrysin, soya lecithin and chrysin loaded phytosomes. In in vitro studies, MTT 

assay and DPPH assay was carried out. Toxicity study was carried out according 

to OECD guideline 423. Finally, the colorectal cancer was induced in male Wistar 

rats using Dimethyl hydrazine and various parameter like polyps count, colon 

weight by length ratio, hematological parameters like red blood cells, white blood 

cells, platelets, hemoglobin, monocytes and lymphocytes and liver enzyme 

estimation like AST, ALT and ALP were carried out. At last the samples of colon 

were screened for histopathological changes. 

 

 



 

 

 

Results 

 

Chrysin loaded phytosomes were prepared and the particle size was found to be  

91.40nm with polydispersity index of 0.29 and zeta potential value of -1.33mv. The 

amount of pure chrysin entrapped within the phytosome was found to be 74.28%. 
Pure chrysin showed an irregular arrangement of bright particles with ill defined 

morphology and a wide particle size distribution, wheras chrysin loaded 

phytosomes displayed a more defined structural arrangement in which bright 

particles that is chrysin were engulfed by phospholipids. The results of differential 

scanning calorimetry (DSC) and X-ray   diffraction (XRD) study indicated that 

chrysin was in amorphous state when         encapsulated into phytosomes. FTIR analysis 

concluded that there was no difference between the internal structures and 

confirmation of these samples at the molecular level. 

 In vitro cytotoxicity and anti oxidant study showed that chrysin loaded phytosomes 

had significantly higher antioxidant activity and cytotoxicity in HT29 cells, 

compared to pure chrysin. There was no toxicity seen in the dose of 2 gram per 

kilogram and hence one 1/5th, 1/10th and 1/20th dose was considered for the study. 

Invivo studies showed that chrysin loaded phytosomes was able to bring back the 

malignancy condition to normal condition in a dose dependent manner. 

Conclusion 

 

The present research concludes that chrysin loaded phytosomes can be a better 

option for increasing the bioavailability of the phytoconstituents which leads to a 

better therapeutic anticancer agent for the treatment of colorectal cancer. 

 

Keywords:  Chrysin; colorectal cancer; phytosomes; nanoformulation. 
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1. INTRODUCTION: 

 
1.1 BACKGROUND OF RESEARCH: 

 
According to data published by GLOBOCAN, the third most fatal and fourth-most 

diagnosed cancer in the world is colorectal cancer (CRC) [1]. Because of sedentary 

ways of living in addition to consuming processed foods with little fiber, the 

incidence rate of CRC is increasing in emerging nations [2]. If CRC is discovered at 

an early stage, chemotherapy can be used as a treatment. However, it has been 

discovered that these chemotherapy medications have a number of side effects, 

making the danger outweigh the advantages. It is advised to use alternative 

medications, such as herbal remedies in the form of pure phytoconstituents or 

extracted crude drugs, to avoid the side effects of chemotherapy treatments.  One 

phytoconstituent, chysin, belongs to the flavonoid class and is known to have 

anticancer activities in numerous forms of cancer. It is also known as 5'7 

dihydroflavone. Passion flower, propolis, and honey are the primary 

phytoconstituents that contain chysin [3]. Reviews of previously published scientific 

research have demonstrated that chysin has a superior cytotoxic impact on a variety 

of colorectal cancer cell lines [4] and in in vivo tests [5]. Wistar rats were used in 

one study, which found that “cis-diamminedichloroplatinum-induced deterioration 

of the goblet cells in the crypts of the colon was protected by phytoconstituent 

Chrysin which was induced by cisplatin through amelioration of oxidative stress and 

apoptosis” [6]. The phytoconstituent chyrsin has been shown to be beneficial in the 

treatment of colorectal cancer [7]. 
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 However, investigations have shown that because chysin has a very low 

bioavailability, a higher dose is needed to treat colorectal cancer [8]. A new 

nanoformulation called phytosomes helps reduce the size of the phytoconstituent, 

which increases surface area and, as a result, enhances permeability. [9]. Studies 

contend that putting a medication into a phytosomal form improves its stability [10].  

This work's primary goal is to develop, define and pharmacologically assess the 

anticancer activity of chrysin-loaded phytosomes in Wistar rats because there are 

currently no research being done to investigate the phytosomal version of chrysin's 

possible anticancer properties.  
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1.2 REVIEW OF LITERATURE: 

 
Colorectal cancer 

Large intestine and rectum cancer is referred to as colorectal cancer. According 

to research, colorectal cancer begins as a tiny polyp. Adenomatous polyps and 

inflammatory polyps, which operate as risk factors, are the two types of polyps. 

Some of these polyps eventually develop into cancer. (11). 

Types of tumor depending on the origin 

Table 1 

Type Origin 

Adenocarcinoma of colon Cancer of gland cells present in 

the lining of colon wall 

Carcinoid tumor of intestine an intestinal cancer that affects 

the specialized hormone-

producing cells. 

Stromal tumour of the 

digestive system 

Cancer of intestinal cells 

Lymphoma of intestine Cancer of lymphatic system cells 

Sarcoma of colon Cancer of blood vessels, muscles 

and connective tissues from the 

wall of colon and rectum 

Squamous cell colon cancer Cancer of the squamous cells of 

colon lining 
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    Depending on cancer risk and hereditary effect 

1) Sporadic CRC: Hereditary influence is absent 

2) Familial CRC: A family with at least one case of CRC without a germ-line 

mutation or distinctive pattern. 

3) Hereditary CRC: Inherited mutation of the germ line 

 

2.2. Colorectal cancer warning signs and symptoms include: 

• A change in bowel habit 

• constipation  

• Rectal bleeding  

• diarrhea  

• Persistent abdominal discomfort 

• A feeling of unemptied bowel 

• Weakness or fatigue 

• Weight loss 
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Risk factor for colorectal cancer 

Among the elements that increase the risk of colorectal cancer are the 

following ones: 

• A person having a family history of colorectal cancer. 

• Diseases such as Crohn's disease and ulcerative colitis. 

• Inherited genetic conditions like hereditary nonpolyposis colorectal cancer 

and familial adenomatous polyposis. 

• A diet with little fiber and lots of calories. 

• A sedentary way of life.  

• People with diabetes and insulin resistance have an increased chance of de-

veloping colorectal cancer. 

• Obesity. 

• Smoking.  

• Alcohol. 
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Pathogenesis of colorectal cancer 

Figure 1 

 

 

Perše & Cerar, 2011  

2.5. Diagnosis of colorectal cancer 

Following tests are performed to diagnose colorectal cancer. 

FOBT (fecal occult blood test) 

Sigmoidoscopy 

Colonoscopy 

Computerized tomographic colonography. 
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Stages of colorectal cancer 

 

Figure 2 

Stage 0.- The Stage 0: The illness has become ingrained in the rectum or colon lining. 

Therefore, colonoscopy-based polypectomy or surgery (if the lesion is too large) are the 

two most prevalent forms of treatment. 

Stage 1: In this stage, the illness has penetrated the intestinal wall but not spread outside 

of it. The usual course of action in this situation is a colectomy alone. 

Stage 2: At this point, the disease has gone into the tissue around the large intestine's 

muscular layers (stage 2B) and into nearby tissue (stage 2C), but it hasn't yet spread to the 

lymph nodes. 

Stage 3: Lymph nodes have been affected by the cancer's spread at this point.   

Stage 4: The liver, ovaries or lungs are among the distant organs to which the cancer has 

metastasized or spread at this time. In this situation, the tumor may be treated  with 

chemotherapy, cryotherapy, or radiofrequency ablation (heat destruction).  
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Management of colorectal cancer 

Various treatments are employed depending on the stage of colorectal cancer, including 

Surgical removal of colorectal cancer 

It is the typical course of treatment for colorectal cancer at all stages. There are two forms 

of surgery: colon resection with anastomosis and local incision. By maintaining a tube 

with a cutting instrument through the rectum and into the colon, a local incision describes 

the removal of the cancer. The procedure is referred to as a polypectomy if malignancy 

is found within the polyps. The healthy portion of the colon is sewed back together after 

the cancer and a small quantity of surrounding healthy tissue have been removed during 

resection of the colon with anastomosis. A partial colectomy is another name for it. Only 

if the cancer is large is this type of treatment performed.  

Radiofrequency ablation of colorectal cancer 

This method entails inserting a unique probe with small electrodes designed to destroy 

cancer cells. The probe is put straight into the skin after receiving local anesthesia. In a 

different scenario, the probe is introduced through an abdominal incision while the 

patient is under general anesthesia. 

Cryosurgery of colorectal cancer 

During this procedure, a device that freezes and kills aberrant tissues is used. 

 

Radiation therapy for colorectal cancer 

In order to eradicate cancer cells, this treatment uses radiation, such as x-rays. Radiation 

treatment includes internal and exterior radiation therapies. During external radiation 

therapy, a machine emits radiation outside the body. A radioactive chemical is directly 

administered into the malignancy during internal radiation therapy using wires, seeds, 

needles, or catheters. 
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Colorectal cancer chemotherapy 

It includes 

▪ 5-Fluorouracil (5-FU) 

▪ Capecitabine, As soon as it touches the tumor, it transforms into 5-FU. 

▪ Irinotecan  

▪ Oxaliplatin  

▪ Tipiracil and Trifluridine. 

 

2.8. Preclinical models to assess the anticancer activity in colorectal cancer 

Animal models for colorectal cancer 

The most ideal animals for inducing colorectal cancer are rodents (rats and mice). For 

chemically induced models, rats are recommended, whereas mice are favored for 

genetically modified models. 

 

Mouse colorectal cancer models  

In gene related models mice are widely used. Some of the gene related models include 

Adenomatous polyposis coli (APC), TGF-B models, mismatch repair (MMR) deficient 

models, inflammation mediated models, carcinogen-induced models and immune system 

related models. 

 

APC (Adenomatous polyposis coli) gene related models: Small intestinal polyps and 

sporadic cancer appeared in APC Min/+ mouse models. The colon practically has no 

tumors in the C57BL/6J mice background (12). Even though this results in familial 

adenomatous polyposis in humans, the majority of colon adenomas progress to 

aggressive adenocarcinomas. Human intestinal neoplasms and the APC - Min/+ models 
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are equivalent in terms of phenotype and histological. In order to investigate therapeutic 

and chemo preventive approaches, these models are employed. They aid in 

comprehending the function of the APC gene in colorectal cancer. (13).  

 

Mismatch repair (MMR) deficient models:   DNA mismatch repair (MMR) genes such 

as MLH1, MSH2, MSH6, and PMS2 are inactivated in hereditary non-polyposis 

colorectal cancer, an inherited condition that affects a range of malignancies, including 

colon cancer.  

 

 TGF-B models:  Mice lacking RAG2/TGF-B1 showed a significant increase in colon 

and cecum cancer incidence. Thus, this model was used to investigate how inflammation 

in CRC relates to TGF-B1 signaling (15). After exposure to the carcinogen, it was 

discovered that mice lacking TGF-B1 in the colonic epithelium developed more 

adenomas and adenocarcinomas. 

 

Inflammation mediated models: When mice were given dextran sulphate sodium 

(DSS), it caused persistent colitis and the development of high-grade dysplasia (16). 

Crohn's disease and ulcerative colitis increase the risk of CRC (17). These provided 

evidence that continuous inflammation had a part in the emergence of colorectal cancer. 

Intestinal tumorigenesis was brought on by the injection of AOM and DSS together. 

Furthermore, the JAK/STAT and NFκB pathways in inflammation induced CRC can also 

be defined by combined AOM/DSS model (18). 

 

Immune system related models: To better understand how the immune system 

contributes to the development of colorectal cancer, models have been created. 
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Major contributors to the inflammatory response include immune cells. CRC and 

inflammation are closely connected. Therefore, IL-2 and IL-10 knockout animals were 

created in order to research the function of dietary factors and inflammation in the 

development and beginning of colorectal cancer. (19). 

Colon cancer xenograft models: Xenograft models of CRC are frequently used to 

analyze the pathogenesis of human illness as well as to evaluate more recent treatments. 

They are produced by implanting the cells under the skin, inside the spleen or inside the 

renal capsule. The xenograft are implanted into the immunosuppressed mice. The NOD-

SCID mice or t-cell deficient nude mice are frequently employed (20). The fact that 

subcutaneous xenografts don't require anesthesia and the tumors are simple to access for 

external monitoring makes this  

model advantageous for CRC research. The subcutaneous model has the drawbacks of 

lacking a tumor microenvironment typical of CRC and not showing metastases in 

subcutaneous xenograft animals. In contrast, it has been discovered that intrasplenic or 

intrarenal metastasis in xenograft models has metastasis that is identical to human CRC. 

 

Orthotopic model: Tumor tissue or colorectal cancer cells are injected into the intestinal 

submucosa and are linked to all angiogenic, proliferation, and cytokine factors, as well 

as every component of the tumor microenvironment. The subcutaneous model and this 

paradigm are similar. (21).  

Additionally. in terms of metastasis and microenvironments, it is similar to human CRC. 

The impact of alterations in the microenvironment on the emergence and development 

of tumors can also be assessed using the orthotropic model.  This model has the 

disadvantage of requiring more specialized knowledge and time than subcutaneous 

models.   
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Rat models for screening new chemical entity or substance to treat colorectal 

cancer: Common carcinogens like azoxymethane (AOM), 1,2-dimethylhydrazine are 

used for developing the rat model of colon cancer. In addition to AOM and methyl azoxy 

methanol, various carcinogens such nitroso methyl urea (MNU) and 7-.hydroxy-7.-

methoxy.-4,4.-bis(1,3.-.benzodioxole) -5,5.-dicarboxylic acid dimethyl ester (DMBDD) 

are frequently utilized in the development of tumors in rat models. 

 

Pathophysiology of dimethyl hydrazine (DMH) induced colorectal cancer in 

animals  

Figure 3, The process of DMH's biotransformation is described in Figure 3. DMH is 

specialized for the colon, and AOM has been helpful in the development of malignancies. 

DMH is utilized to comprehend the molecular pathways driving sporadic colorectal 

carcinogenesis (22). The Wnt/-catenin pathway is altered by carcinogen-mediated 

cancers (23). Mutations observed in the Ctnnb gene was found to be the primary cause 

of AOM-induced colorectal carcinogenesis which generates  

catenin and promotes the growth of colorectal adenomas as well as the overexpression of 

proliferation markers such cMyc and cyclin D1 (24). 

 

 

Figure 3  Rosenberg et al, 2009 

(Azoxymethan
e)

(Methylazoxymethan
ol)
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Chrysin- its availability, uses and problem of chrysin when given orally 

Chysin (5,7-dihydroxyflavone) is a naturally occurring flavone found in several plant 

extracts, such as propolis, honey, and blue passion flower (Passiflora caerulea), all of 

which have important medicinal and commercial value. (25). Numerous biological 

effects of chysin have been demonstrated, including antioxidant and anti-inflammatory 

effects (26), antibacterial (27), antihypertensive (28), anti-allergic (29), vasodilator (30), 

antidiabetic (31) anxiolytic (32), antiviral (33), anti-estrogenic (34), hepatoprotective 

(35), anti-aging (36), anticonvulsant (37), and anticancer effects (38), according to 

literature reports.  Pharmaceutical investigations revealed that the largest difficulty in in 

vivo efficacy tests is the oral bioavailability of chrysin. Chrysin's absolute oral 

bioavailability was estimated to be less than 1% (39). Chrysin has poor aqueous 

solubility and a quick metabolism in the GI tract and liver because it is a good substrate 

for the phase II metabolic enzymes UGTs and SULTs that mediate glucuronidation and 

sulfonation, respectively.  

Additionally, several efflux transporters, including as MRP2 and BCRP, are good 

substrates for chrysin glucuronide and sulphate, facilitating their removal through urine 

and faeces. Pharmaceutical studies showed that chrysin's oral bioavailability is very low 

(1%), as will be explained in more depth below, due to its poor water solubility and 

significant metabolism (such as glucuronidation and sulfonation). Accordingly, in vivo 

efficacy trials without pharmacological analysis could lead to incorrect conclusions 

about chrysin. Future clinical investigations should define the maximum chrysin 

absorption dose and in vivo chrysin exposure in order to optimize the dosing regimen 

based on in vivo exposure. For a more precise evaluation of chrysin's in vivo 

effectiveness, it should also be taken into account to give chrysin in certain formulations 

(such as nanoparticles) that can boost its oral bioavailability. It's interesting to see how 
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chrysin works to reduce the GI toxicity caused by irinotecan. Despite having very little 

systemic exposure, chysin undergoes remarkable enterohepatic recycling, resulting in 

recurrent exposure in the GI tract. Chrysin's poor oral bioavailability but frequent GI 

tract exposure may be useful in treating illnesses or drug-induced toxicity in the GI tract 

since it could achieve local efficacy with no or few off-target side effects. For the lower 

GI tract, chrysin can be compared to a drug with a local delivery method (40). 

 

Nanoparticles as cancer therapy medication delivery systems: 

 

In comparison to traditional herbal extracts, phytosomes are more advanced herbal 

formulations that are more absorbed, producing improved bioavailability and effects. 

(41). 

When plant extracts and phosphatidylcholine (or any other hydrophilic polar head 

group) combine in an aprotic solvent, a complex of phospholipids and naturally 

occurring active phytochemicals are bound in their structures (42). The existence of a 

chemical link between phospholipids and molecules of flavonoid vegetal derivatives 

was initially acknowledged by Bombardelli et.al (43). The stoichiometry of the 

supramolecular adducts that phospholipids and polyphenols generate can be ascertained 

using thermal analysis. This attribute was investigated by Semalty et al. They found that 

hydrophobic interactions, or hydrogen bond formation, resulted from interactions 

between the two molecules (44). Between the polar head and the active ingredient's polar 

functions, the phospholipid-active ingredient is in charge of forming a hydrogen 

connection (45).  
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What are the drugs which are available in phytosomal form?  

Silybin Phytosome TM, Ginkgo Phytosome TM, Panax Ginseng Phytosome TM, Green 

Tea Phytosome TM, Super Milk thistle Extract Grape seed (PCO) phytosomes, 

Hawthorn Phytosomes, Centella Phytosome. (46) 

 

What are the advantages of phytosomes over other types of nanoparticles? (47) 

The advantages of phytosomes over typical herbal formulations include:  

I. It shows enhanced bioavailability, enhancing lipid insoluble polar phytoconstituent ab-

sorption when used topically or orally, leading to significantly higher therapeutic bene-

fit. 

II. When an active constituent's absorption is improved, less of the substance is needed. 

III. The phosphatidylcholine molecule and phytoconstituent form chemical bonds, which 

leads to the phytosomes' better stability profile. 

IV. Phospholipids have additional nutritional benefits. 

V. Profound drug entrapment. 

 

        Advantages of nanoparticles for which they are used in cancer therapy (48) (49): 

1. Reduced drug concentration in healthy tissues which reduces chemotherapeutic medi-

cation’s negative effects.  

2. The drug concentration in the tumor is increased by the selective aggregation of nano-

particles at tumor sites due to the EPR effect. 

3. High pay load of drugs in nanoparticles. 

4. High organ drug concentration. 

5. Prolonged and site-specific drug delivery. 

6. Reduces the required dose with maximum therapeutic effect. 

7. Non-toxic degradability, better patient compliance and relief. 
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1.3 JUSTIFICATION FOR THE STUDY:- 
 

Due to the westernization of lifestyle and eating habits, colorectal cancer incidence rates 

are rising in India. Although there are many chemotherapies for treatment of colorectal 

cancer, it has been seen that severe adverse effects and multi-organ toxicity are the major 

problem due to which the success rate of drugs as an anticancer agent is low. To 

overcome these limitations, more preferences are given to herbal formulation as these 

formulations are found to have a minimal adverse effect when compared to the 

chemotherapeutic drugs. Chrysin is a phytoconstituent belonging to flavonoid category. 

Treatment for cancer, AIDS, diabetes, inflammation, and aging of the skin has shown it 

to be therapeutically effective. There are both invitro and in vivo studies which shows 

that chrysin possess anticancer activity. The major problem of administrating chrysin 

orally was that the oral bioavailability of chrysin in pure form was low due to which 

administration of chrysin in pure form showed less therapeutic effect as an anticancer 

agent. This highlights the requirement for creating a unique medication delivery 

mechanism with the aim of enhancing oral bioavailability and targeting the tumor in the 

affected region resulting in decrease in adverse effects and multiorgan toxicities. The 

rational use of nanoparticles for targeting tumors is mainly dependent on the capability 

of           nanoparticles to deliver the therapeutically effective dose of drug in the region of the 

tumor targets and also minimal exposure of healthy tissues to drug is limited by 

nanoparticles which decreases the damage caused by the drug to healthy cells. Ideally, 

a delivery system of drug should be such that it should quickly respond to physiological 

needs, sense the changes and accordingly alter the drug- release from the system.  

As a carrier, ideal nanoparticles are required to possess high percent drug loading as well 

as delivery of drug specifically to the pathological region       without any leakage of drug 

on the way, while quickly unload the drug at the target site and also increased oral 
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bioavailability. In this context, phytosomes are found to have better qualities compared 

to other forms of nanoformulations to achieve increased oral bioavailability and 

improved medication release at the target location. Therefore, adding a phytoconstituent 

to phytosomal form is advised to boost the drug's oral bioavailability. With the aim to 

further increase the oral bioavailability of the drug, phytoconstituent chrysin were 

incorporated into phytosomal form. There are no research being conducted to determine 

the phytosomal form of chrysin's anticancer efficacy against colorectal cancer. 

To overcome the pharmacokinetic and pharmacodynamic limitations, phytosomes, a 

novel nanoformulation, incorporates chysin. Determining the anticancer effects of 

Chrysin loaded phytosomes in Dimethyl hydrazine caused colorectal cancer in Wistar 

rats was the purpose of the current investigation. A delivery system of drug should be 

such that it should quickly respond to physiological needs, sense the changes and 

accordingly alter the drug- release from the system. As a carrier, ideal nanoparticles are 

required to possess high percent drug loading as well as delivery of  drug specifically to 

the pathological region  without any leakage of drug on the way, while quickly unload 

the drug at the target site and also increased oral  

bioavailability. In this context, phytosomes are found to have better qualities compared 

to other forms of nanoformulations to achieve increased oral bioavailability and 

enhanced release of drug at the target site.  

Therefore, adding a phytoconstituent to the phytosomal form is advised to boost the 

medication's oral bioavailability. With the intention of further boosting the medication's 

oral bioavailability, phytoconstituent chrysin were incorporated into phytosomal form. 

Studies to determine the phytosomal version of chrysin's anticancer efficacy against 

colorectal cancer are not currently being conducted. 
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A novel nanoformulation called phytosomes contains chysin to circumvent 

pharmacokinetic and pharmacodynamic limitations. Determining the anticancer effects 

of Chrysin loaded phytosomes in Dimethyl hydrazine caused colorectal cancer in Wistar 

rats was the purpose of the current investigation. 
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1.4  AIM, OBJECTIVES AND PLAN OF WORK: 

Aim of the study: 

Formulation, characterization and pharmacological evaluation of chrysin 

loaded phytosomes against colorectal cancer in Wistar rats. 

 

Objectives of the study: 
 

1. To formulate and characterize chrysin loaded phytosomes 

2. To evaluate the anticancer activity of chrysin loaded phytosomes using HT29 

cells. 

3. To perform oral acute toxicity study. 

4. To evaluate the anticancer activity of chrysin-loaded phytosomes in the treat-

ment of colorectal cancer in Wistar rats.  

Plan of work: 
 

 
Figure 4 
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2. MATERIALS AND METHODS.: 
 

MATERIALS.:  
 

The materials listed below were either of the best grade available or were of 

the AR/LR grade as given by the manufacturer. 

Table 2. List of chemicals used and supplier. 
 

 
Sr 

No 

Chemicals Company 

1 1,2-Dimethyl hydrazine Tokyo chemical 

industries,Japan 

2 Dimethyl Sulfoxide Merk Inc, India 

3 Disodium hydrogen 

phosphate 

Sigma Aldrich, USA 

4 Ethanol Merk Inc, India 

5 Potassium hydroxide Sigma Aldrich, USA 

6 Sodium.dihydrogen 

phosphate 

Sisco lab private limited, 

India 

7 Dulbecco’s Modified 

Eagle Medium 

Himedia, India 

8 5-Fluorouracil Zydus, India 

9 MTT NCCI, India 

10 EDTA Gibco-invitrogen, USA 
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Table 3. List of instruments used. 
 

Sr No Equipment Company 

1 Dynamic Light Scattering (DLS)  NanotracR-150, 

Germany 

2 Differential Scanning Calorimeter Perkin Elmer, USA 

3 HPTLC Camag, Switzerland 

4 Electronic balance Sartorius, Germany 

5 X ray diffractometer  Siemens D5000, Germany 

6 Fourier transform infrared 

spectrophotometer 

Shimadzu Scientific, Japan 

7 Micro pipettes Thermo scientific ,.USA 

8 Laminar air.flow  Labline ,.India 

9 MilliQ  Millipore. 

10 pH.meter Mifa systems, India 

12 Sonicator Biolinx labsystem, India 

13 Tissue .homogenizer Chief Scientifich, India 

14 96 well plates Acrobiosystems, USA 

15 Aluminium foil Diamond,.India 

16 Centrifuge .tubes Tarsons,.India 

18 Elisa plate reader Biotek, USA 

19 Deep freezer Electrolux, India 

20 Automated blood cell counter ERMA Inc, Tokyo 

21 Scanning electron microscope Hitachi-3400, Japan 
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METHODS: 

2.1. PREFORMULATION STUDIES: 

During this initial stage of dosage form formulation for drug material, a pure drug's 

physical and molecular characteristics alone and a pure drug coupled with excipients 

are investigated. 

 

2.1.1. Identification & Characterization of Pure Drug 

2.1.1.1. Identification of pure drug: 

Chrysin (drug) was identified by Fourier-transform infrared spectroscopy (FTIR). 

The pure chrysin supplied by Tokyo chemical industry, Tokyo Japan was further 

confirmed by FTIR. 

 

2.1.1.2. Standard calibration curve of chrysin (HPTLC Method) (50) 

To obtain accurate results, HPTLC method was used for  chrysin quantification and 

standard calibration curve of chrysin was plotted by using HPTLC method 

mentioned in USP Bulletin. 

 

Preparation of standard stock solution and sample solution: 

Five milligram of chrysin was used as standard and chrysin loaded phytosomes as 

sample. Both were accurately weighed and then transferred in two different 

volumetric flasks of 10ml and methanol was used as a solvent.  

Chrysin solution with 500 microgram per ml was obtained by making up the 

volumes to the mark with methanol. The working solutions of stock solution were 

prepared by diluting them with methanol to get a working standard of 50microgram 

per ml of chrysin and chrysin loaded phytosomes. 
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Chromatographic Conditions: 

 

Standard solution of reference chrysin of different concentrations was prepared and 

it was spotted as bands which were obtained on the pre-coated silica gel aluminum 

Plate 60 F254, using Camag Linomat 5 sample applicator having a bandwidth of 

6mm using micro syringe. A twin trough glass chamber was employed for the 

development of plates. The mobile phase was allowed to saturate in the twin trough 

chamber (20 min) before the development of the plate. The Plate was allowed to run 

for a distance of about 80mm for the solvent system. After the plate reaches the 

80mm distance, the plate is allowed to dry with the help of an air dryer. Once the 

plate is completely dry it is been used to analyze by the TLC scanner 4 using the 

wavelength and the results were interpreted from the chromatograms. The spectra 

of the standard are identified by scanning them under the UV-Range. The 

wavelength selected after scanning the plates under ultraviolet light was found to be 

268 nm. The mobile phase was selected after many trials and finalized to n-hexane: 

ethyl acetate: methanol: formic acid in the ratio 8:8:1:0.2 v/v which showed better 

separation for the reference and the sample and the spectra was obtained.  

 

2.1.1.3. Solubility determination (51):  

 

One mg of chrysin and chrysin loaded phytosomes was taken in a test tube 

containing 10ml of methanol. It was ultrasonicated for 3hours.The sample was 

filtered through 0.45µ membrane filter and diluted suitably using distilled water and 

analyzed by UV spectrophotometer at 268 nm wavelength. 

 

 

2.1.1.4. Determination of melting point (52):                                                                                          

             By using a DSC analysis, the melting point of pure chrysin was determined. 
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2.1.1.5 Drug-Excipient Compatibility Study: 

The drug with other excipient like soya lecithin (in 1:2 ratio) was subjected to 

storage at normal room temperature for one month. The mixtures of drug and 

excipients were then evaluated by IR spectra by using FTIR spectroscopy. 

 

2.1.1.6 Differential scanning calorimetric study: 

The thermal behavior of phytoconstituent Chrysin and CLP was analyzed using 

Differential scanning calorimeter (Perkien Elmer, USA). One aluminium pans was 

empty and was used as reference and in another pan, 10mg of plain chrysin,soya 

lecithin  and chrysin loaded phytosomes sample were administered. Under inert 

nitrogen at a rate of 10°C/min, the pans were heated at a temperature ranging from 

20–200°C. The peaks obtained were intepreted for drug excipient compatibility. 

 

2.1.1.7 FT-IR spectroscopic studies: 

 

 Determination of the molecular states of pure chrysin, soya lecithin and CLP was 

  done using Fourier transform infrared (FTIR) analysis (Shimadzu Scientific   

Instruments, Japan). “After caliberating the background, sufficient quantity of   

sample was administered above the clear crystal surface. The gripper was set down 

  on top of the sample by turning it until a ‘click’ sound was heard to verify the   

gripper is in constant contact with the sample. Scanning was done and it was   

repeated for every indivisual sample respectively”. 
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2.2 PRELIMINARY STUDY: 

Preliminary study was performed to study the effect of concentration of pure 

chrysin and soya lecithin on various properties like particle size, poly 

dispersity index (PDI) and zeta potential.  To study the effect of 

concentration on nanoformulation, the concentration of pure chrysin and 

soya lecithin were altered. At first the concentration of both pure chrysin 

and soya lecithin was kept constant. Further the concentration of pure 

chrysin was doubled while keeping the concentration of soya lecithin 

constant. At last the concentration of soya lecithin was doubled keeping the 

concentration of pure chrysin constant. The compositions were as shown in 

the following Table 4. 

 

 

Table 4. Composition for chrysin and soya lecithin for preliminary study 
 

 
Ratio 

Soya lecithin (mg) 
Chrysin (mg) 

1:1 100 100 

1:2 100 200 

2:1 200 100 
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2.3 Preparation of Chrysin loaded phytosomes : 

Antisolvent precipitation technology was used to create CLP. (53). The phytoconstituent 

was incorporated into phytosomal form by reacting with phospholipid that is soya 

lecithin in ratios of 1:1, 2:1 and 1:2.  Dichloromethane (30 ml) was refluxed with the 

medication and phospholipids in varied ratios for 3 hours at 60 degrees Celsius. The 

resultant solution, containing 5–10 ml, was combined with 20 ml of n-hexane while 

being continuously stirred to produce a precipitate. This precipitate was filtered through 

a Whatmann filter, dried at room temperature, and then put into amber-colored vials for 

storage. 
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2.4. Characterization.of Chrysin loaded phytosomes: 

 
2.4.1 Determination of particle.size.: 

  
The size distribution of phytosomes was determined using Dynamic Light Scattering 

(DLS) (Nanotrac R-150 ULTRA.  Microtrac,.Inc).  

The cell of the Nanotrac was cleaned, followed by background was taken with Millipore 

water. 1mg of chrysin loaded phytosomes was diluted in 10ml of Millipore water. A 

cell containing 3ml of the material was filled, and after six measurements, the mean 

diameter (SD) was determined. 

 

2.4.2. Polydispersity index (54): 

The polydispersity index (PDI) was calculated using dynamic light scattering 

equipment. The PDI is a metric for particle size distribution width. Lower PDI values 

suggest monodispersed samples, while greater PDI values indicate samples with a 

polydisperse nature and a larger size dispersion of particles.  

The following equation can be used to determine PDI.   

Polydispersity = [D90 – D10]/ D50 

The usual value of PDI <0.5 indicates nearly homogenous dispersion of particles and 

PDI value > 0.5 indicates heterogeneous dispersion of particles 

          
 

2.4.3. Zeta Potential (55):  

Using Zetasizer Ver. 7.11 (Malvern), the zeta potential of phytosomes that had 

been loaded with chrysin was calculated. After inserting the electrodes and placing 
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the cell under a microscope, the sample was added to the cell. As soon as the 

electrodes are attached to the Zetasizer Ver. 7.11 unit and powered up, colloids are 

observed in the microscope's eyepiece as they move over a grid. Simply hold down 

the "track" button as the colloid moves through the grid to track one. The Zetasizer 

Ver. 7.11 instantaneously calculates and shows the colloid's zeta potential (or 

electrophoretic mobility) as soon as the "track" button is released. 

 

2.4.4. Determination of Percentage Yield. 

The percentage yield of chrysin loaded phytosomes was calculated  

 Using the formula: 

% yield =             Practical yield  x 100 

                                  Theoretical yield 

             

2.4.5. Determination of Entrapment efficiency (EE) 

 
Ultracentrifugation was used to calculate how much chrysin was trapped inside the 

nanovesicular structures (45). A centrifuge tube containing an aliquot of the vesicular 

suspension was placed into a SorvallTM MTX 150 Micro-Ultracentrifuge (Thermo 

Scientific, India) and centrifuged for three hours at 4 °C at 40,000 rpm. After 

centrifugation, the free chrysin in the supernatant was separated from the pellet, suitably 

diluted, and its concentration was measured using HPTLC. To ascertain the entire chrysin 

content of the created nanovesicular formulations, the vesicular dispersion was lysed with 

methanol and sonicated afterwards. After being diluted and passing through 0.45 m 

filters, the solution was analyzed using HPTLC.  
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The entrapment efficiency percentage (% EE) was calculated as follows:   EE % = 

(T−S)/T x 100, where T is the overall concentration of chrysin, S is the concentration 

found solely in the supernatant, and T-S is the concentration found inside the 

nanovesicles. 

2.4.6 Analysis of thermal behavior (56) (57):   
 

The thermal behavior of phytoconstituent Chrysin and CLP was analyzed using 

Differential scanning calorimeter (Perkien Elmer, USA). One aluminium pans was empty 

and was used as reference and in another pan, 10mg of plain chrysin and CLP sample were 

administered. Under inert nitrogen at a rate of 10°C/min, the  pans were heated at a 

temperature ranging from 20–200°C.  

 

2.4.7 Determination of polymorphic states (58):  

 

X ray diffractometer with Ni filtered Cu Kα radiations (Siemens D5000, Germany) 

was utilized to understand the patterns of pure phytoconstituent, its lipid 

component and their physical mixtures. “The measurements was carried out at a 

voltage of 40 kV and 25 mA. The scanned angle was set from 2° ≤ 2θ ≥ 50° with 

scanned rate of 1°min−1”  

 

2.4.8 Examination of surface morphology of pure chrysin and CLP 

(59):  

 The surface morphology of chrysin loaded phytosomes was observed using 

scanning electron microscope (Hitachi S3400 Japan). Dried sample of pure chrysin 

and CLP was coated using 5 nm gold and the photomicrographs were collected 

using scanning electron microscope.  
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2.4.9 Determination of molecular states of chrysin in pure form,.soya  
lecithin.and chrysin loaded phytosomes (60):       
                                                                                          
       Fourier transform infrared (FTIR) analysis was used to determine the molecular 

states of pure chrysin, soy lecithin and CLP (Shimadzu, Japan).  “After caliberating the 

background, sufficient quantity of sample was administered above the clear crystal 

surface. The gripper was set down on top of the sample by turning it until a ‘click’ sound 

was heard to verify the gripper is in constant contact with the sample. Scanning was 

done and it was repeated for every indivisual sample respectively”. 
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2.5 Anti-oxidant activity:- 
 

    DPPH radical scavenging activity. (61):-  

It is one of the most widely used models for assessing the anti-oxidant activity of radical 

scavengers. In 80% methanol, 0.1mM DPPH was produced by dissolving. The samples 

were made with a stock of 1 mg/ml, and they were then dissolved in methanol. Different 

concentrations ranging from 10 to 40 g/ml were generated from the stock. In 96 well 

plates, 100 µL of DPPH was applied after the samples were diluted with Tris-HCl. 30 

minutes are spent keeping the samples in the dark. The absorbance was determined at 

517 nanometers. Each experiment was carried out three times. For radical scavenging, 

the results are shown as an activity in %. 

DPPH free radical scavenging. capacity. (%) = (A0.–A1)./A0. × 100 

(A0. = Control group absorbance, .A1 =. Experiment group absorbance). 
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2.6 In-vitro. cytotoxicity study: 
 

2.6.1.Cell culture. (62) 
 

Human colon cancer (HT-29) cell lines were cultured in 96-well micro titer plates 

using DMEM media supplemented with 10% heat-inactivated fetal calf serum 

(FCS), containing 5% of penicillin (100 Units/mL), gentamycin (10 Ug), and 

streptomycin (100 g/L) and in the presence of 5% CO2 at 37 °C for 48 hours.  

2.6.2. Maintenance of cell lines 

HT29 cells were obtained from NCCS Pune. The cells were allowed to grow  

in 25 cm2tissue culture flasks which contained suitable media. In order to prevent  

microbial growth, 10% FBS and 4 mg/L of streptomycin were added to DMEM  

media. The cells were kept in a 95% air and 5% CO2 environment at 37°C in a CO 

incubator.   

2.6.3. Sub-culturing of cells 

1) The degree of confluence and the absence of bacterial and fungal  contamination of 

the cells cultivated in T-25 flasks were assessed using an  inverted microscope. 

2) After discarding the used media, 3ml of PBS was used to wash the cell monolayer. 

3) To cover the monolayer, 0.5 ml of trypsin-EDTA salt was applied. For 1-3 minutes, 

the flask was kept in the incubator. 

4) The cell detachment was confirmed after removing the flask from the incubator by 

observing under inverted microscope. 

5) 3 ml of DMEM containing 10% FBS was added to the flask and thoroughly mixed 

after the cells had been fully detached from the flask. 

6) Trypan blue dye exclusion testing was used to measure cell viability in a  tiny sample 

of the suspension. 

7) 1X 104 viable cells/ml were seeded from the stock cell suspension into a 25 cm2 tissue 

culture flask with approximately 4 ml of new medium, and the flasks were incubated 

until they reached 80–90% confluency. 
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8) The method was repeated as necessary to meet the cell line's growth requirements. 

 

2.6.4. Freezing of cells  

    1) Cells were harvested by trypsinization when they were 80-90% confluent.  

        Re-suspending the collected cells in full media, they underwent a 5-minute  

          centrifugation at 1000 rpm. 

      2) The cell pellets thus obtained were then suspended in freezing mixture   

         (complete medium + FBS+DMSO in the ratio 7:2:1. 

      3) Each cryogenic vial received 1ml of cell suspension, which was also marked. 

      4) The cryogenic vials were put in a polystyrene box and kept overnight at -80C.  

      5) The following day, vials are placed in a container with liquid nitrogen. 

 

 

2.6.5. Thawing of cells 

1) Cryogenic vial containing the cells was taken from liquid nitrogen storage and 

brought immediately to room temperature by rolling between the hands. 

2) The vials was wiped with 70% alcohol before placing inside the laminar hood. 

3)  The entire contents of the vial are transferred to a microcentrifuge tube, where 

they are centrifuged for five minutes at 1000 rpm. 

4) The resulting cell pellets were suspended in ml of complete media after the 

supernatant was discarded. 

5) The flask was placed in incubator. 

6) After 24 hrs the culture was checked to ensure the attachment of cells to the 

flask the medium was changed after 2 days or when it changed from pink to 

yellow. 
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2.6.6. MTT Assay 

1) The developing cells were removed from T-25 tissue culture flasks, and a 1X 106 

stock cell suspension was made using the appropriate medium. 

2) A sterile, flat-bottomed 96-well tissue culture plate has 5000 seeded cells in each 

well. that it might remain for a day. 

     3) Just prior to the experiment, the test substance was produced and serially diluted 

with the appropriate medium to get various concentrations of (0.05-50) g/ml. DMSO 

ultimate concentration should not exceed 0.2%. 

    4) Following a 24-hour incubation period, cells were exposed to 100 µl of test substance 

from corresponding top stocks for 48 hours. 

 5)  20 µl of MTT reagent was added to a 96-well plate, and it was then incubated for three 

hours at 37 C using a stock solution containing five milligrams per milliliter PBS with 

a 7.4 pH. 

 6) Cells in the control group only received medium and vehicle control media containing 

0.2% DMSO 

7) Each procedure was carried out three times. 

 8) 200 µl of 100% FMSO were added to each well after the incubation period of three 

hours to dissolve the  crystals of formazan. 

 9) The optical density was measured. at 540 nm using a 96-well plate reader and a 540 

nm reference wavelength. 

10. The vitality of the cells was determined. 
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2.7. In-vivo studies 

2.7.1 Utilization of animals. 

Wistar rats (male) were bought from Invivo Bioscience in Bangalore. Rats were 

acclimated in an experiment room with a regulated humidity level of 75%, a light. cycle 

of 12:12.hours and temperature 23°C. In sterile polypropylene cages with bedding made 

of sterile rice husk, rats were housed. The animals were given water and autoclaved rat 

food as food. The study employed male rats that were 8 to 10 weeks old and weighed 

190±10 grams. The KLE College of Pharmacy KAHER, Karnataka, India, institutional 

animal ethics committee developed guidelines that were adhered to when handling and 

caring for animals. 

 

2.7.2. Oral Acute Toxicity Studies 

According to OECD 423 recommendations, research on acute oral toxicity are 

conducted. Wistar rats that were 8 weeks old were used. According to OECD 423 

standards, the limit test was carried out by giving a 2.g/kg.p.o. dosage to each animal at 

a time, followed by three animals following a 24 hour pause. For 72 hours, animals were 

monitored cage side for signs of fatality or any other acute toxicity. 

 

2.7.3. DMH-induced colorectal cancer and its therapy with chrysin and  

chrysin-loaded phytosomes. 

Rats were distributed randomly based on their body weight. According to the literature, 

In order to induce colorectal cancer in rats, DMH was given to them in doses of 

20.mg./kg. i.p. for the first 10.weeks and 30.mg./kg..i.p for the following 10 weeks (63) 



Materials and Methods  

 

36 

 

 

as shown in table 5. 

After the 20th week.of 1,2 dimethylhydrazine induction, .rats in the standard group 

received 5-Fluorouracil (weekly once 10 mg/kg.i.p.) . After 20 weeks of receiving DMH, 

the rats in the fourth group were given 500 mg/kg of pure chrysin orally. The 5th, 6th and 

7th group received chrysin loaded phytosomes with an oral dose of 100, 200 and 

400mg/kg after 20th week of DMH administration for 21 days. A diagrammatic 

illustration of the treatment planner is shown in Table 5. The colorectal tissue was 

examined for polyps, colon weight to length ratio, hematological estimation, biochemical 

estimation, and histological inspection after the rats had been sacrificed. 

Figure 5 
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Table 5. Planner for the dosage regime for DMH-induced colon cancer 

treatment 

Group     

no 

Group name Dosage 

1 Normal.control Normal food and water  

2 Diseased.control DMH  20.mg/kg.i.p, for first 

10.week and .30 mg/kg.i.p,.for 

next 10 weeks 

3 Standard.control DMH. + 5-FU. (10.mg/kg. i.p) 

4 Pure Chrysin DMH + Pure chrysin (500 

mg/kg..p.o) 

5 Chrysin loaded 

phytosomes -I 

(CLP-I) 

DMH + CLP-I (100 mg/kg 

p.o) 

6 Chrysin loaded 

phytosomes -II 

(CLP-II) 

DMH-induced + CLP-II (200 

mg/kg p.o) 

7 Chrysin loaded 

phytosomes -III 

(CLP-III) 

DMH-induced + CLP-III 

(400.mg/kg..p.o) 

DMH:.1,2-Dimethyl hydrazine;. 5-FU:.5-Flurouracil; CLP: Chrysin loaded 

phytosome; (n=6) 

 

2.7.4. Parameters monitored in DMH model 

1) Number of polyps present 

2) Colon length/weight ratio  

3) Hematological parameters 

4) Biochemical estimation 

5) Histopathological examination 
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Number of polyps present 

The incidence of ACF was measured in each group of rats and expressed as a 

percentage = [No of rats with.aberant crypt foci /.No of rats examined] x100 

Determination of colon.length. by weight ratio 

Colon.weight /.length ratio= .weight of colon in gram / length of.colon in cm 

 

Hematological parameters 

A retro-orbital puncture was used to remove the blood right before the rats were 

sacrificed. Blood was drawn into a 2 ml eppendorf tube with 0.5% EDTA 

anticoagulant. The animal-cell count analyzer determines the hematological 

parameter. 

Between the treatment groups, the following variables were compared and a 

summary was provided 

 Total RBC count 

 Total WBC count 

 Total platelet count  

 Hemoglobin content 

             Percentage of lymphocytes and monocytes 

 

Biochemical estimation 

Estimation of liver enzymes like AST, ALT and ALP was carried out as per standard 

procedure. 

Histopathological examination 

For histopathological examination, the samples of colorectum was fixed using neutral 

formalin solution (10%) using normal saline after which the washing was done in 

sterilized water. It was washed with alcohol for dehydration of the specimen. 
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Cleaning of the specimen was done with xylene. It was embedded in paraffin at an 

temperature of 560C using hot air oven for a period of 24 hours.  

The  A sledge microtome was used to slice paraffin bees wax tissue blocks into 4 m-

thick sections. Following deparaffinization and hematoxylin and eosin staining, the 

obtained tissue sections were mounted on glass slides. The material was analyzed for 

histopathological alterations using an electric light microscope. 

 

2.8 Statistical analysis: 
 

To examine the data, one-way analysis of variance (ANOVA) was employed. To 

assess if there had been any noteworthy variations between the treatment groups, the 

Post Hoc Tukey's test was employed. The results were regarded as significant at p 

0.05. For all statistical analyses, the Prism 5.03 Demo Version (Graph Pad Software 

Inc., La Jolla, CA, USA) was utilized. 
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RESULTS & DISCUSSION.. 
 

3.1. PRE-FORMULATION.STUDIES..: 

 

3.1.1. Identification and Characterization.of Chrysin in pure form 

 

 

The FTIR spectrum of chrysin obtained (TCI) was recorded (Fig 6) and interpreted 

for its structure. All the characteristic peaks corresponding to the functional groups 

of drug were found in the spectrum and were matching with the structure of drug. 

Table 6 shows the interpretation of FTIR spectrum of drug along with its 

functional groups and corresponding peaks obtained   in the spectrum. 

Fig 6. FTIR Spectrum of Chrysin 

 

 

Table 6. Functional groups of chrysin and their corresponding peaks obtained 

in FTIR spectrum of drug. 

Functional.Group Wave .number (cm-1) 

C=O (Stretch) 1649.19 

C=C 1579.75 

OH 3529.85-3287.11 
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3.1.2. Standard calibration curve of chrysin: 

 

Chrysin exhibited maximum absorbance with a retention time of 8.2 min at       

268nm, which was selected as wavelength for further analysis. The standard 

calibration curve to quantify chrysin was found to be linear having 0.99 of         

correlation coefficient (over the range of 50-250 ng/ml). Fig 7. Shows the 

chromatogram of chrysin at 50 µg/ml. 

 

 
 

 

Fig 7. Chromatogram of chrysin (50µg/ml) 

 

3.1.3. Solubility study of drug: 

 

 Chrysin was insoluble in water. The solubility of drug was  found to be  200 

µg/ml in methanol. 

 

3.1.4. Determination of melting..point of drug: 

 

Differential scanning calorimetry (DSC) measurements revealed that the 

chrysin's melting point is 294.08 0C.  
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Fig 8. shows the Endothermic   peak of chrysin. using DSC thermogram 

 

Fig 8. DSC Thermograms of chrysin 
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3.2. Characterization. of chrysin loaded phytosomes. 
 

 

3.2.1 Particle..size and. Polydispersity..index 

Formulation of Chrysin loaded phytosomes was done in the  ratio of 1:1, 

1:2 and 2:1. Better results were obtained in the molar ratio of 2:1 

(phospholipid:Chrysin) 

Molar ratio of 

phospholipid:chrysin 

Particle size Polydispersity index 

2:1 91.40 0.29 

 

3.2.2. Zeta potential 

 Using Zetasizer Ver. 7.11 (Malvern), the charge of chrysin-loaded phytosomes 

was calculated and discovered to be -1.33 mv. 

3.2.3 Percentage Yield  

         The % yield was found to be 74.28%. 

3.2.4. Determination of Entrapment efficiency 

• Using high performance thin layer chromatography (CAMAG, Switzerland), 

the amount of chrysin in the phytosome was determined.  

• For the quantification of phytosomes that are loaded with chyrsin, a new 

method  was created and validated. 

• It was found that one milliliter of chrysin loaded phytosome contain 164.9 µg 

of    chrysin. 
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3.2.5. Determination of polymorphic state 

It was discovered that the XRD patterns of CLP were extremely similar to those 

of the pure medication chrysin, proving that the incorporation of nanoparticles 

into the formulation had no impact on chrysin's physical properties. Both the 

pure drug and the CLP included distinct peaks at diffraction angles of 2 Ɵ: 

7.43, 17.70, 14.87, 17.73, 22.37, 24.63, 25.61, and 27.64. In contrast to those 

of CLP, pure chrysin's XRD patterns showed higher and more strong peaks, 

indicating a decrease in crystallinity. 

 

 

 

 

 

 

       

3.2.7. Surface Morphology 

While chrysin in its pure form (Fig. a) showed an erratic arrangement of 

brilliant particles with a wide particle size variation and poorly defined shape. 

CLP (Fig. b) revealed a more defined structural arrangement in which brilliant 

particles, which are chrysin, were engulfed by phospholipids. 

 

Sample1-
Chrysin 

Sample 2- CLP 

Figure 9 
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                       Fig a                                                                 Fig b 

   

Figure 10 

 

3.2.8. Compatibility study 

FT-IR analysis was performed to evaluate the molecular states of pure chrysin 

and CLP. The bands at 1649.19, 1579.75, 3529.85-3287.11 in chrysin can be 

assigned to C=O stretch, C=C and OH group. Similar peaks were observed in 

CLP. From the spectra, it can be concluded that there was no difference 

between the internal structures and confirmation of these samples at the 

molecular level. 
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Figure 11 
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3.3. MTT assay                                                                                                

Preliminary cytotoxicity screening was carried on HT29 colon cancer cell line. 

Concentration of the Chrysin and chrysin loaded phytosomes (CLP) used for 

MTT-assay was within the range 20 to 200 µg/ml. The 50% inhibitory 

concentration (IC50) of the chrysin and CLP calculated is given in table. The 

pure chrysin had low anticancer activity on HT29 colon cancer cell line 

compared to CLP. The CLP showed a dose dependent cytotoxicity and it might 

be due to cytotoxic activity of soy lecithin which might synergize the cytotoxic 

effect of chrysin. Hence, the MTT-assay is validated by the method followed. 

(Figure 12, Table 7).  

Table 7 

Compound Concentration %viability IC50 value 

 

 

Chrysin 

200 46.4264082  

 

53.21 

100 57.3894609 

80 64.3549364 

60 79.0732889 

40 81.5263477 

20 82.1017565 

 

Chrysin 

loaded 

phytosomes 

200 38.5466617  

 

17.92 

100 43.7845813 

80 54.9612689 

60 57.1007008 

40 63.1132423 

20 74.6587975 
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Figure 12       (Graph of IC50 value) 
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3.4. Antioxidant activity 

Antioxidant activity of reference chrysin and chrysin loaded phytosomes was 

carried  out using DPPH assay and % inhibition was determined. 

Table 8 

Group Absorbance % inhibition 

Blank 0.385 - 

Ascorbic acid 0.146 62.07 

Chrysin 0.206 46.49 

Chrysin loaded 

phytosomes 

0.156 59.48 
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3.5    Oral acute toxicity studies:  

Toxicity study was done in accordance with OECD 423 regulations. Chrysin 

loaded phytosomes (CLP) at a dose of 2 g/kg were given orally to rats; no 

mortality was noted, and the animals exhibited no adverse effects. After 

additional 14-day observation, it was concluded that there was no toxicity 

because the animals displayed no adverse effects on their immune systems, 

central neurological systems, or peripheral nervous systems. We have chosen 

1/5, 1/10, and 1/20 as the therapeutic doses p.o. for animal models based on 

prior research and non-lethal effects in our acute toxicity investigations. 
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3.6 Effect of CLP in the .treatment of DMH induced             

colorectal   cancer model. 

3.6.1. Effect of CLP treatment on Polyp count as ACF incidence 

The polyps were counted from the indivisual animals of all the groups and are given 

in Table below. The results shows that there was more number of polyps in Diseased 

control group. The number of polyps were reduced in rats administered with chrysin 

loaded phytosomes. 

 

Table 9 

Group Number of polyps in each animal  

 1 2 3 4 5 6 Total 

Normal control 0 0 0 0 0 0 0 

Diseased control 8 6 5 7 8 5 39 

Standard control 3 4 4 3 3 4 21 

Chrysin 6 5 7 6 4 6 34 

CLP-I 6 6 6 4 6 3 31 

CLP-II 4 4 5 5 6 4 28 

CLP-III 3 5 4 4 5 4 25 
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3.6.2. Effect of chrysin loaded phytosomes treatment on Colon 

weight/length ratio 

In the present study it was found that Colon weight/length ratio was increased 

in DMH group and improvement was seen in standard and CLP group in a dose 

dependent manner.  

The Colon weight/length was determined and is given in Table below 

 

Table 10 

Treatment group Colon weight/length ratio 

Normal 179.67±2.92 

Diseased 636.13±24.39# 

Standard 231.65±9.82#* 

Chrysin 357.59±5.84#*^ 

Chrysin-I 316.60±24.12#*^$ 

Chrysin-II 274.01±10.37#*^$a 

Chrysin-III 266.06±12.17#*^$a 

 

#p<0.001 compared to.Normal control, *p<0.05 compared to.disease control, 

^p<0.05.compared to standard control, $p < 0.05. compared to pure chrysin, 

ap< 0.05 .compared to CLP1, bp<0.05 .compared to CLP2. 
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3.6.3. Effect of chrysin loaded phytosomes treatment on Hematological parameters.  

Comparing the groups hematological data revealed substantial differences, with the 

DMH control group's RBC level falling below that of normal control group..There was 

also significant.difference seen that is increased level in standard, chrysin, CLP-I, CLP-

III and CLP-III groups when.compared with disease.control group.  It indicates that 5-

FU, pure chrysin and chrysin loaded phytosomes did not have any destructive effect on 

Red blood cells.  

When comparing the DMH control group with normal control group, there was rise in 

WBC level having significant difference in the case of WBC. There was significant 

difference seen that is the standard control, pure chrysin group and the three groups of 

chrysin loaded phytosomes had a reduction in the WBC count when compared with 

disease control group. Comparing to the control group, the WBC level of the pure chrysin 

and chrysin-loaded phytosomes differed significantly. CLP-II and CLP-III group showed 

significant difference with p<.0.05  compared to pure chrysin group. There was also 

significant difference seen in CLP-II and CLP-III group with p< 0.05 when compared to 

CLP-I group.  

When compared to the normal control, the platelets of standard, pure chrysin, CLP-1, II, 

and III exhibited a significant difference (p< 0.05). Significant increase was observed in 

the platelet level of standard, pure chrysin, CLP-1, II and III with p<.0.05 when compared 

with diseased control. Pure chrysin and CLP-I showed significant difference with p<.0.05 

when compared to standard control. CLP-I,II,III showed significant elevation in the. 

platelet level compared to pure chrysin group. CLP-III showed significant elevation in 

the platelet level compared with CLP-I group. 

Hemoglobin level showed significant decrease in  disease control group when compared 

to normal control with p.<0.05. The hemoglobin level elevated significantly in standard 
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control, pure chrysin, CLP-I, CLP-II and CLP-III groups with p<0.05 when compared to 

disease control group. This showed DMH administration reduced the hemoglobin level 

which might be because of methylation effect of DMH on cells. The hemoglobin level of 

CLP-III showed significant increase in hemoglobin level compared to pure chrysin 

group. This may be because of increase permeability of CLP-III in the systemic 

circulation and protective effect on hemoglobin. The hemoglobin level of CLP-III were 

increased significantly when compared with CLP-I and CLP-II groups with p<0.05. 

There was significant decrease of monocyte level in disease control group compared to 

normal control with p.< 0.05.  Monocyte level of standard, pure chrysin, CLP-I, CLP-II 

and CLP-III group increased significantly when compared to disease control group. CLP-

III group showed an significant elevation in the monocyte level compared to pure chrysin 

group and CLP-II group. In case of lymphocyte, there was no significant changes seen 

between the groups. 
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Table 11 

Effect of Chrysin loaded phytosomes on Hematological variables 

 

Groups 

Hematological Parameters 

RBC WBC Platelets Hemoglobin Monocyte Lymphocyte 

Normal 

control 

7.77±0.25 7.58±1.95 78.66±3.43 14.43±0.54 08.66±1.36 85.66±1.36 

DMH 

control 

6.2±0.86# 12.18±0.0

5# 

28.73±4.86 11.66±0.68# 04.00±0.89# 84.83±1.47 

5-FU 

control 

7.35±0.36* 7.8±0.55* 73.33±0.50#* 13.93±0.76* 8.66±3.14* 83.00±4.47 

Pure 

chrysin 

7.56±0.34* 12.06±1.7

2#^ 

54.93±2.77#*^ 13.86±0.88* 8.33±1.03* 81.66±1.36 

CLP-I 7.52±0.22* 10.59±0.3

7#^ 

64.23±0.85#*^

$ 

13.96±0.93* 9.66±0.51* 80.66±3.72 

CLP-II 8.03±0.24* 8.32±0.95

*$a 

68.81±2.45#*$ 14.08±0.14* 7.66±1.36* 84.33±2.25 

CLP-III 7.96±0.28* 7.95±0.61

*$a 

73.43±2.52#*$a 15.66±1.15*$ab 11.50±2.25*

$b 

84.00±0.89 

 

#p< 0.05 .compared to NC, *p < 0.05 .compared to DC, ^p < 0.05 .compared. to Std, $p 

< 0.05..compared to pure chrysin, ap < 0.05..compared to CLP1, bp < 0.05.  .compared to 

CLP2  

 

3.6.4. Effect of chrysin loaded phytosomes treatment on Biochemical parameters.  

The AST  levels in the disease control, standard, pure chrysin, CLP-I, II, and III groups 

showed significant differences (p.<0.05) from the normal control. When compared to the 

diseased control, the standard, pure chrysin, CLP-I, II, and III group demonstrated a 

substantial decrease in the AST level (p<0.05). Pure chrysin, CLP-I,II,III group displayed 
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significant changes in the AST level when compared with Standard control with 

p<0.05.There was significant decrease seen in CLP-I,CLP-II and CLP-III group when 

compared with pure chrysin group. There was also significant decrease seen in CLP-II 

and CLP-III group when compared to CLP-I group. CLP-III group had significant 

decrease when compared with CLP-II group. 

The ALT level showed significant increase in the Diseased control group. .The ALT level 

displayed that standard, pure chrysin, CLP-I,II,III group had significant differences when 

compared with normal control group with p<0.05. The standard group, pure chrysin and 

CLP-I,II,III group showed significant decrease in the ALT level when compared with 

disease control group. Pure chrysin group showed significant decrease when compared to 

standard control group. CLP-I, CLP-II and CLP-III group had significant decrease in ALT 

level when compared with pure chrysin group with p<0.05. CLP-II and CLP-III group had 

significant decrease in ALT level when compared with pure CLP-I group with p.<0.05. 

When compared to the normal control, the ALP level in diseased control, pure chrysin, 

CLP-I, CLP-II, and CLP-III groups revealed significant variations (p<0.05).Standard, 

pure chrysin, CLP-I, CLP-II and CLP-III group had significant differences when 

compared with diseased control group with p.<0.05. When compared to the standard 

control group, the pure chrysin group, CLP-I, CLP-II and CLP-III groups showed  

significant changes (p.<0.05).When compared to the pure chrysin group, the ALP levels 

in the CLP-I, CLP-II, and CLP-III groups decreased significantly (p<0.05).  
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Table 12 

 

 

#p<0.001 compared to normal control, .*p<0.001 .compared to DC, ^p<.001 

compared to Std, $p. < 0.001 compared to pure chrysin, ap < 0.001 compared. 

to CLP1, bp < 0.001 compared. to CLP2. 

 

 

 

 

 

 

 

Effect of Chrysin loaded phytosomes on Biochemical variables 

Groups Biochemical estimation 

AST ALT ALP 

Normal control 75.26±3.73 27.33±1.36 106±2.94 

DMH control 304.66±5.75# 127±8.04# 415.33±6.59# 

5-FU control 260.33±3.14#* 98±7.79#* 117.33±9.42* 

Pure chrysin 289.33±4.50#*^ 115±4.09#*^ 311.66±8.99#*^ 

CLP-I 246.66±1.86#*^$ 97±11.62#*$ 205.33±5.73#*^$ 

CLP-II 198.16±2.92#*^$a 78.66±1.36#*^$a 186.66±7.58#*^$ 

CLP-III 178.33±3.61#*^$ab 71.66±3.14#*^$a 132.66±5.73#*^$ 
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3.6.5. Effect of chrysin loaded phytosomes treatment on histopathological findings of 

colorectum tissue in DMH treated rats: 

The findings of the histological examination revealed that there were inflammatory cells 

infiltrating the wounded area, which is a sign that the rats had developed cancer. After 

DMH injection in the current investigation, there was an infiltration of mild to moderately 

inflammatory cells in the mucosal area. Chronic inflammatory cells, such as eosinophilic 

cell infiltration and proliferating lymphoid follicles, were scarcely present in the colon 

mucosa of DMH-induced rats. In rats exposed to DMH, the entire colon was edematous, 

and fibrin deposition was seen. In the colon mucosa and submucosa of the DMH-induced 

rats, there were haemorrhages, mucosal congestion, desquamation, epithelial necrosis, and 

epithelial ulcers. Furthermore, the mucosal epithelium had hyperplasia and dysplastic 

alterations. These serve as the physical indicators of the development of adenocarcinoma. 

As a result, rats were given DMH to produce symptoms of cancer. A 500 mg/kg oral dose 

of pure chrysin produced findings that were similar to those of rats who had been given 

DMH. Chrysin-loaded phytosome treatment at oral dosages of 100 mg/kg and 200 mg/kg 

avoided most of the parameters, including general malignancy condition signs, 

haemorrhages, and eosinophil infiltration, although only mild dysplasia was produced. 

Treatment with 400mg/kg of chrysin-loaded phytosomes produced effects that are 

comparable to those of normal 5-FU. 
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Figure 13: Effect of chrysin and chrysin loaded phytosomes treatment on histopathological findings of 
colorectum tissue in DMH treated rats 

 

A- Normal.control 

B- Diseased.control 

C- Standard control 

D- Pure chrysin treated 

E - CLP1 treated 

F - CLP2 treated 

G- CLP3 treated 

 

*= dysplasia 

A B C 

D 
E F 
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4. SUMMARY: 

 
For the treatment of colon cancer, chysin, a member of the flavonoid class, has been 

employed. Its major drawback is its low bioavailability due to which the effectiveness of 

chrysin as an anticancer agent is reduced. Thus, in the current work, efforts were 

undertaken to create phytosomes that were loaded with chrysin and could target the tissues 

or cells of colorectal cancer. 

In a preliminary investigation, three distinct formulations of varying combinations of pure 

chrysin and soya lecithin were created using an anti-solvent precipitation method, and 

their effects on the characteristics of the chrysin-loaded phytosomes were assessed. The 

data demonstrate the effective synthesis of chrysin-loaded phytosomes with a reduction 

in nanoparticle size, polydispersity index and zeta potential.  On the basis.of these 

preliminary results, combination of pure chrysin and soya lecithin in the ratio of 1:2 was 

considered as optimal.    Finally, chrysin-loaded phytosomes were created utilizing an 

optimal ratio of pure chrysin and soya lecithin as the carrier, and they were evaluated for 

their physicochemical characteristics, cytotoxicity experiments on cancer cells (HT- 29), 

and invivo studies. By using Dynamic Light Scattering (Nanotrac) and scanning electron 

microscopy, the optimized chrysin-loaded phytosomes revealed a particle size of 91.40 

nm, spherical morphology, and a zeta potential of around -1.33 mV, indicating increased 

electrostatic forces.stability of nanoparticles in the solution. .In an MTT assay at pH 7.4 

and 37 °C, chrysin-loaded phytosomes were more harmful to colon cancer cell lines HT-

29 than pure chrysin (IC50-17.92 mg/ml).The increased rate of chrysin release from the 

nanoparticles at 370 C and 7.5 pH is responsible for the pronounced cytotoxicity of chrysin 

loaded under these conditions. When maintained in a glass container, chrysin in pure form 

and chrysin-loaded phytosomes remained stable at room temperatures for eight months. 
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According to OECD 423 recommendations, an oral toxicity research was conducted in-

vivo, and the therapeutic dose for chrysin-loaded phytosomes was determined to be doses 

of .100, 200,and.400.mg/kg. Tumor was induced in rats by administering 1,2-Dimethyl 

hydrazine   for  20 weeks and  treated with  reference drug 5-fluorouracil, pure chrysin 

and chrysin loaded phytosomes in 3 therapeutics doses. Polyps  were counted in all the 

rats in the groups and was observed to be reduced in the groups administered with chrysin 

loaded phytosomes  with a dose of 400mg/kg When compared to those receiving the 

reference medication and pure chrysin, groups receiving chrysin-loaded phytosomes 

experienced a dose-dependent decrease in colon weight/length..  Hematological and 

biochemical estimation was done .Chrysin loaded phytosomes with a dose.of 400mg/kg 

was.able to bring the various parameters to normal. Finally, a histological analysis was 

performed, and chrysin-loaded phytosomes demonstrated decreased dysplasia, a reduction 

in eosinophil infiltration, hemorrhages, and the overall symptoms of a malignancy state. 
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5. CONCLUSION: 

 
Chrysin. loaded phytosomes were proficiently generated by the antisolvent. precipitation 

technique with the combination of chrysin and soy lecithin. Interesting property obtained 

from the nanoformulation is their particle size. Additionally, the MTT assay showed that 

the chrysin-loaded phytosomes might increase the anti-tumor activity in conditions of 

elevated temperature and pH in the extracellular space surrounding the tumor. DPPH assay 

confirmed that chrysin loaded phytosomes had better antioxidant activity then pure chrysin. 

The anticancer potential of Chrysin and phytosomes containing Chrysin was investigated 

in relation to treating DMH-induced colon cancer in male Wistar rats. Finally, an in vivo 

investigation showed a comparison of phytosomes loaded with chrysin and pure chrysin in 

a colorectal cancer model generated by DMH. Considering the findings in all the 

parameters with respect to polyps count, colon weight/length ratio, biochemical tests, 

hematological parameters and histological examination, when treated with chrysin.loaded 

phytosomes in a dose dependent manner, a discernible improvement in the treatment of 

colorectal cancer was observed. 
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