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Synthesis of Kaempferol-Cr (III) 

Complex and study its Effect on Bax and Bcl-

2 Genes Expression in SW480 Cell Lines 
Ghadeer Sadeq Jayed1, Zainab Tuama Al-Dallee1 and Hiba Najeh Al-Saad2 

ABSTRACT 

Objective: Impact of a kaempferol-Cr(III) complex on the expression of Bax and Bcl-2 genes in the SW480 after 24 

hours of treatment and to highlight the complex’s potential role in promotion. 

Study Design: Experimental study 

Place and Duration of Study: This study was conducted at the Department of Pharmacognosy and Medicinal 

Plants, College of Pharmacy, University of Basrah, Iraq from 1st June 2022 to 30th November 2022. 

Methods: Kaempferol and its Cr(III) complex were successfully synthesized and examined through FT-IR, UV-Vis 

spectroscopy, EI-MS, and HPLC analyses. Their anti-proliferative effects were tested using the MTT assay on 

SW480 and normal HDFn, with IC50 values calculated to determine cytotoxic activity. 

Results: Treatment with the kaempferol–Cr(III) complex significantly suppressed the viability of SW480 colorectal 

cancer cells more effectively than kaempferol alone, with negligible impact on healthy cells. Gene expression 

profiling via real-time PCR demonstrated an elevation in Bax levels alongside a reduction in Bcl-2 expression after 

24 hours, indicating the induction of apoptosis. These findings point to the complex’s ability to trigger programmed 

cell death through modulation of apoptotic gene expression, supporting its potential as a promising 

chemotherapeutic agent 

Conclusion: Kaempferol-Cr(III) complex exhibits anticancer properties. When compared to ligand alone, this 

compound has demonstrated a noticeably greater lethal effect in experiments using the SW480 cancer cell line. 

Key Words: Kaempferol-Cr(III) complex, Apoptosis, Bax, Bcl-2, SW480 cell line 

Citation of article: Jayed GS, Al-Dallee ZT, Al-Saad HN. Synthesis of Kaempferol-Cr (III) Complex and 

study its Effect on Bax and Bcl-2 Genes Expression in SW480 Cell Lines. Med Forum 2025;36(10):53-58. 

doi:10.60110/medforum.361011. 

INTRODUCTION 

Theorists are particularly interested in the development 

of novel materials.  Day by day, the percentage of 

deaths attributable to cancer illnesses rises.1 Since the 

first metal-based chemotherapy medication, cisplatin, 

was discovered, metal complexes have been employed 

as antitumor agents.2 With the development of a 

multitude of platinum relatives, cisplatin or its 

derivatives, such as carboplatin or oxaliplatin, are 

utilized for treating nearly fifty percent of all people 

with cancer receiving chemotherapy.3 Flavonoids are 

secondary metabolites composed of a benzopyrone ring 

with polyphenolic groups.4  
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Their poor absorption and low water solubility have 

limited biological evaluation for drug development.5 

However, their hydroxyl and carbonyl groups allow 

interaction with biomolecules and chelation of metal 

ions, enabling the formation of metal complexes with 

improved and distinct biological properties.6 

Kaempferol is a member of the tetrahydroxy flavonoid 

group because it has four hydroxy groups at positions 3, 

5, 7, and 4′.7 New research has focused on its possible 

application in cancer treatment since higher 

consumption was shown to reduce the risk of several 

cancers, including skin, ovarian, and stomach cancer.8 

Several investigations have shown that kaempferol play 

a significant part in the apoptosis of carcinoma of the 

breast.9 Bcl-2 gene promotes survival of cancer cells by 

inhibiting apoptosis. On the other hand, cancer cells 

undergo apoptosis and die when the Bax gene is 

expressed.10 Diantini et al11 found that Kaempferol-3-

O-rhamnoside induces death in MCF-7 breast cancer 

cells by activating the caspase cascade involving 

caspase-9, caspase-3, and PARP, along with reduced 

Bcl-2 expression. Nandi et al12 demonstrated that 

kaempferol may be effective in treating in vitro triple-

negative breast cancer cells. The present study aims to 

synthesize the kaempferol–Cr(III) complex and 

evaluate its effect on SW480 cancer cell inactivation by 
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assessing the expression of apoptotic genes (BAX and 

BCL-2) in these cells. 

METHODS 

The synthesis of the kaempferol complex was 
performed based with slight modifications. Kaempferol 
(0.3 g, 1 mmol) was dissolved in 20 mL methanol, 
followed by the addition of NaOH (0.02 g, 0.5 mmol) 

in 10 mL methanol. CrCl₃·6H₂O (0.1 g, 0.5 mmol) 
dissolved in 10 mL methanol was then added with 
stirring.13 The mixture was stirred at room temperature 
for 1 hour, then refluxed at 60°C for 4 hours. It was 
dried at room temperature, washed, and the filtrate was 
left to dry. 
The wavelength (λmax) of kaempferol and kaempferol-
Cr(III) complex was determined by preparing standard 
solutions (1000 μg/mL). Methanol was used to dilute 1 
mL of standard solutions to 10 mL, creating the 
working solution (100 μg/mL). 
FTIR spectroscopy was used to kaempferol, and 
Kaempferol-Cr (III) complex. The KBr sample discs 
were scanned to obtain infrared spectra in the 
wavelength range of 4000 to 400 cm-1 at a resolution of 
4 cm-1. 
EI-MSS spectrometry is a potent instrument for metal-
flavonoid complex investigation.14 ACN (0.1% formic 
acid) and H2O (0.1% formic acid) was used as mobile 
phase. EI/MS was performed using a Shimadzu LC/MS 
2010 A system in the positive ion mode. 
Using HPLC-grade methanol, 1mg.mL-1 kaempferol 
initial solution was made. We then prepared working 
solutions with concentrations of 100, 90, 70, 40, and 20 
µg/mL at the ambient temperature. A calibration plot 
was then made to illustrate the correlation between peak 
area and concentration (µg.mL-1). The concentration of 
kaempferol in the experimental samples was 
ascertained using the equation for linearity derived 
from the standard plot. 
Dissolved 0.0005 mg of complex in 1mL methanol and 
the taken 250 µL from solution and added 750 mL from 
methanol to it. HPLC analysis was then performed on 
100 µL of this solution. 
HPLC analysis was performed using the German S600 
Sykam system with a UV/VIS detector and specimen 
injector. The column was maintained at 30°C, using 
methanol (A), acetonitrile (B), and water (C) as eluents. 
The mobile phase consisted of 20% methanol, 60% 
acetonitrile, and 20% water (v/v/v) at a flow rate of 1.0 
mL/min. An autosampler injected 100 μL of 
kaempferol and complex solutions, and spectra were 
recorded at 280 nm. 
The Rwafid Alelom Company in Iraq provided the 
SW480 and HDFn cell lines. 10% FBS was added to 
RPMI-1640 while the cells were being grown. Every 
cell was cultivated at 37°C with 5% CO2 and all media 
included100U mL of streptomycin and penicillin. 
The viabilities of SW480 and HDFn cells were assessed 
in the presence of kaempferol and its Cr(III) complex. 

Cells were cultured in triplicate in 96-well plates and 

incubated for 24 hours at 37 °C with 5% CO₂. After 
washing with 1X PBS, cells were treated with various 
concentrations (100, 50, 25, 12.5, 6.25, 3.12 µg/mL) of 
kaempferol and the metal complex. Untreated cells 
served as controls. After 24 hours, 200 µL of MTT 
solution was added, and absorbance at 570 nm was 
measured after 3 hours. The values were calculated 
using Excel 2016 
The overall RNA Mini Kit (Blood/Cultured Cell) 
(geneaid) was used to extract total RNA from untreated 
control cells in accordance with the manufacturer's 
recommendations, cells (SW480) treated with IC50 

kaempferol-Cr(III) complex, or kaempferol alone. Total 
RNA was then treated with RNase-free DNase Sets 
(Qiagen) and 2 mg of RNA was used for (cDNA) 
synthesis utilizing the TransScript® Green One-Step 
qRT- PCR SuperMix, Cat. No. AQ211), as directed by 
manufacturer. 
qRT-PCR was used to measure BAX and BCL-2 gene 
transcription. A 20 µL reaction mixture contained 6 µL 
distilled water, 2 µL of each gene-specific primer 
(Table 1), and 10 µL of green master mix. The reaction 
was performed using the Cycler96-Roche instrument 
(Table 2). Gene expression changes were quantified 
using the 2−ΔΔCt method, with Bax and Bcl-2 expression 
levels compared to the β-actin reference gene. Three 
distinct tests are used to calculate the mean standard 
deviation of the results. The following differences are 
indicated by asterisks: for p< 0.0, two way-ANOVA is 
utilized. 

RESULTS 

Kaempferol-Cr (III) complex was created using a 

straightforward process. The way that compound react, 

kaempferol, CrCl3.6H2O, and NaOH in methanol led to 

the formation crystal-like particle (Fig. 1), Kaempferol, 

has two unique levels in its electronic spectra. peak I, 

which represents the cinammoyl component, shows at 

365.5 nm, while band II, which represents the benzoyl 

part arises at 267.0 nm. As a result, both bands 

underwent a considerable shift due to the chelation of 

the Cr(III) ion (from 267.0 nm to 350.0 nm for band II 

and from 365.5 nm to 424.0 nm for band I). As seen in 

(Fig. 2), band I exhibits a very slight red shift of 58.5 

nm, but band II shows a red shift of 83 nm due to the 

coordination of Cr(III) with kaempferol. 

FTIR spectra were recorded in the range of 4000–400 

cm⁻¹ for both kaempferol and its Cr(III) complex. In the 

kaempferol spectrum, a broad absorption band was 

observed between 3400–3000 cm⁻¹, corresponding to 

O–H stretching vibrations. A sharp peak at 1658 cm⁻¹ 
was attributed to the C=O stretching vibration at 

position 4 of the kaempferol molecule. In the Cr(III) 

complex, this peak shifted to 1632 cm⁻¹, indicating a 

frequency decrease of 26 cm⁻¹.  
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Table No. 1: Primers sequence utilized 

Gene Sequences of Primer pair Acquisition number Reference 

Bcl-2 (F) 5'-TCGCCCTGTGGATGACTGA-3' 
NM-000633.3 15 

Bcl-2 (R) 5'-CAGAGACAGCCAGGAGAAATCA-3' 

Bax (F) 5′GAGCTGCAGAGGATGATTGC-3′ 
NM-138764.5 16 

Bax (R) 5′-AAGTTGCCGTCAGAAAACATG-3′ 

β-actin (F) 5′-TCCTCCTGAGCGCAAGTAC-3′ 
NM-011001.5 16 

β-actin (R) 5′-CCTGCTTGCTGATCCACATCT-3′ 

 
Figure No. 1: Overall reaction 

 

 
Figure No. 2: A: Uv spectrum of Kaempferol, B: Uv spectrum of kaempferol- Cr(III) complex 

 
Figure No. 3: HPLC chromatogram A:Kaempferol B:kaempferolCr(III) Complex 

 
Figure No. 4: Percentage of SW480cells (A)  HDFn cells (B) that survived for 24 hour at various complex 

concentrations 
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Figure No. 5: Percentage of SW480cells (A)  HDFn cells (B) that survived for 24 hour at various kaempferol 

concentrations 

 
Figure No. 6 :Amplification of Genes in RT-qPCR:Data for β-actin and Bcl genes: A. Fragment duplication, 

B. Melting curve; Data for β-actin and Bax genes: C. Fragment duplication, D. Melting curve control colored 

green, blue and orange for kaempferol-Cr(III)complex and kaempferol respectively 

 
Figure No. 7: Expression rate of Bcl-2 and Bax genes in 24h treatment (p value < 0.05)

Table No.2: PCR steps and repeat cycle 

Stage Temperature 

(°C) 

Time (s) Number 

of cycles 

Denaturation 94 20 40 

Annealing 60 30  

Extension 60 30  

Table No. 3: The main EI/MS data of  kaempferol 

Cr(III) complex 

Nominal m/z Structure 

658.5 2 Kaempferol+ Cr(III) +2H2O 

622.47 2 Kaempferol+ Cr(III) 

336.23 Kaempferol+ Cr(III) 

153 and 165 Fragmentation of kaempferol ring 

system 

The C=C and C–O–C stretching frequencies were 
observed at 1610 cm⁻¹ and 1224 cm⁻¹ in kaempferol, 

and at 1598 cm⁻¹ and 1224 cm⁻¹ in the complex, 
respectively. A new peak appeared at 462 cm⁻¹ in the 
complex, which was not present in the free ligand 
spectrum (Supp. Fig. 1). 
EI-MSS spectrometry has been employed to identify 
chemical structures. (Table 3), displayed the complex's 
fingerprint. In this case, the ions of m/z 658.5, 622.47, 
336.23, 153, and 165 were obtained(Supp. Fig. 2). 
HPLC was used to analyze both kaempferol and its 
Cr(III) complex. The chromatogram of kaempferol 
showed a retention time of 2.565 minutes, while the 
kaempferol–Cr(III) complex showed a distinct peak at 
1.900 minutes as seen in (Fig.3). 
MTT assays were employed to assess the impact of 24-
hour exposure to kaempferol and the kaempferol-Cr(III) 
complex on the SW480 cell line's vitality. The IC 
values were determined to be 85 µg/mL for kaempferol 
and 68.3 µg/mL for the kaempferol-Cr(III) complex, 
indicating a stronger cytotoxic effect of the metal 
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complex. Both compounds significantly reduced the 
viability of SW480 cells at all tested concentrations 
(100, 50, 25, 12.5, 6.25, and 3.12 µg/mL). In contrast, 
neither kaempferol nor the kaempferol-Cr(III) complex 
caused significant cytotoxicity in normal HDFn cells 
(Figs. 4-5) 
Tables 4-5 present the statistical analyses of the 24-hour 
administrations with the complex and kampferol with p 
value < 0.05. This tables show that SW480 cells have 
the best survival rate at a concentration of 3.12µg/mL. 
As the concentration rises, SW480 cells become less 
viable. 
Real time PCR: The curve of melting (Fig. 6) 
demonstrates that the targeted gene fragments were 
amplified specifically. The control was thought to be β-
actin. Primers for the Bcl-2 and Bax genes were used in 

a real-time PCR experiment following cDNA synthesis. 
Ct values were calculated using the amplification plot 
as a guide. Modifications in gene expression were then 
computed using the 2-ΔΔCT technique (Table 6). 
Expression of the genes under investigation in tumer 
cells subjected to kaempferol-Cr(III) complex and 
Kampferol: The 2-ΔΔCT method was used to analyze 
gene expression using Ct values from real-time PCR 
and the β-actin gene. Treatment with the kaempferol–
Cr(III) complex and kaempferol resulted in a notable 
increase in Bax expression (1.160715 and 1.22837) and 
a significant decrease in Bcl-2 expression (0.096 and 
0.139) with p<0.05. Figure 6 shows Bax and Bcl-2 gene 
expression after 24 hours in SW480 cell lines treated 
with the kaempferol–Cr(III) complex and kaempferol 
(Fig. 7). 

Table No.4: Average bioavailability of SW480 line using the MTT test for kaempferol-Cr(III) complex and  kampferol at 

varying doses throughout a 24-hour 

Compound 
Concentration µg/ml 

3.12 6.24 12.5 25 50 100 

Kam-Cr 76.194±2.65 74.7298±2.6 67.6194±3.86 72.91739±5.37 50.400836±4.23 40.01394±9.01 

Kam 90.74586±1.55 86.8744±5.72665 79.4748±4.174257 79.4748±4.174257 60.4252±4.357739 46.5435±3.817748 

Table No. 5: Average bioavailability of healthy cells using the MTT test for kaempferol-Cr(III) complex and kampferol at 

varying doses throughout a 24-hour 

Com-

pound 

Concentration µg/ml 

3.12 6.24 12.5 25 50 100 

Kam-Cr 93.1105±2.7082 89.5133±9.7024 79.0042±3.4001 68.4154±14.90102 62.3326±3.024612 54.4553±10.03418 

Kam 90.4513±4.025 87.4513±8.8 82.4514±5.079 74.5432±2.5252 62.4009±3.1286 50.7453±1.5316 

Table No. 6: Ct value and fold changes in gene expression 

 Ct-Bactin Ct-Bcl2 Fold change Ct-Bactin Ct-Bax Fold change 

Control 19.98666667 18.71 1.08 19.98666667 22.55333333 1.097168333 

Kam-Cr 20.17666667 20.37285714 0.096 20.17666667 22.81666667 1.160715333 

Kam 20.39121212 21.05207792 0.139 20.39121212 23.29 1.228371333 

DISCUSSION 

The successful formation of the Kaempferol–Cr(III) 
complex indicates a strong interaction between the 
metal ion and the functional groups of kaempferol, 
which contains several hydroxyl groups. Notably, the A 
and C rings include 5-hydroxy-4-keto and 3-hydroxy-4-
keto groups, while the B ring has its own hydroxyl 
group. Since the 3-hydroxy and 5-hydroxy sites 
compete for metal binding, the hydroxy-keto positions 
on rings A and C are of particular significance. Ligand 
molecules form more stable compounds by using their 
most suitable chelation sites. Hydroxy-keto sites, in 
particular, create strong compounds through additional 
ring formation and extended conjugation. In contrast, 
chelation between the 4'-hydroxyl group of ring B and 
the 3-hydroxyl group of ring C, likely due to the easy 
ionization of the 4'-hydroxyl group, appears much less 
certain.15 As a result, Cr(III) shows notable 
bathochromic shifts, likely due to its high charge 
density and strong ligand binding. Band II shows a 
greater red shift than band I, indicating stronger 
conjugation at the benzoyl system in ring A compared 
to the cinnamonoyl system in ring B. The study 
concludes that, during the formation of the kaempferol–
Cr(III) complex, deprotonation occurs at the 5-OH site 
rather than the 3-OH.16 
In FTIR, the observed shift of the carbonyl stretching 
frequency from 1658 cm⁻¹ to 1632 cm⁻¹ upon 

complexation suggests coordination of the Cr(III) ion 
through the carbonyl oxygen of kaempferol.17 The 
unaltered frequencies of the C=C and C–O–C bonds 
imply that the ring oxygen is not involved in metal 
coordination. The appearance of a new band at 462 
cm⁻¹ is attributed to the formation of a Cr–O bond, 
which confirms the complexation between kaempferol 
and Cr(III).18 

According to EI-MASS spectrometry, two kaempferol 
molecules coordinate with one Cr(III) atom through 
their 5-OH and 4-oxo groups, donating two hydrogen 
atoms and often binding with two water molecules. The 
difference in HPLC retention times between kaempferol 
and its Cr(III) complex indicates successful complex 
formation (Fig. 3). The shorter retention time of the 
complex may result from changes in polarity or 
interactions with the stationary phase due to metal 
coordination. MTT assay results show that the 
kaempferol–Cr(III) complex has greater anticancer 
potential than kaempferol, with a lower IC₅₀ and 
stronger cytotoxic effects at all concentrations. Its 
selective toxicity toward cancer cells and minimal 
impact on normal cells suggest it as a promising and 
safer therapeutic agent.19 

Apoptosis is a technique of deliberate destruction of 
cells that preserves homeostasis.20 The two main 
mechanisms that mediate apoptosis are the 
mitochondrial-mediated pathways and the death 
receptor. They gather at killing pathway, which 
includes caspase-3 cleavage, nuclear fragmentation, and 



Med. Forum, Vol. 36, No. 10 58 October, 2025 

the creation of an apoptotic body that is ultimately 
phagocytosed.21 

CONCLUSION 

Kaempferol-Cr(III) complex exhibits anticancer 

properties. When compared to ligand alone, this 

compound has demonstrated a noticeably greater lethal 

effect in experiments using the SW480 cancer cell line. 
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