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Abstract  

The current study focused on direct conjugation of superparamagnetic iron oxide nanoparticles (SPIONs) with 

ginsenosides CK and Rg3. The direct conjugation approach was low-cost, eco-friendly, simple, fast and high yield. 

The synthesized conjugates (SPION-CK and SPION-Rg3) were characterized by field emission transmission electron 

microscopy, dynamic light scattering, zeta potential, X-ray diffractometer, and magnetometer. The characterization 

results confirmed the formation of SPIONs conjugates. The maximum attaching percentage for ginsenosides to 

SPIONs was found to be 5%. In vitro cytotoxicity assay in HaCaT keratinocyte cells revealed that the conjugates were 

non-cytotoxic to normal cells. Moreover, the anti-inflammatory activity of SPION-CK and SPION-Rg3 were 

investigated. The expression of reactive oxygen species (ROS) in lipopolysaccharide-activated RAW 264.7 (murine 

macrophage cells) were inhibited by SPIONs conjugates in a dose-dependent manner. In addition, SPION-CK and 

SPION-Rg3 significantly reduced the production of nitric oxide and inducible nitric oxide synthase (iNOS) in a dose-

dependent manner in the lipopolysaccharide-induced RAW 264.7 cells. Overall the results suggested that the SPIONs 

were conjugated with ginsenosides CK and Rg3 by using direct conjugation approach were non-cytotoxic and can be 

used as a carrier for intracellular release of ginsenosides in inflammatory diseases. 

Keywords: Superparamagnetic iron oxide nanoparticles, direct conjugation, ginsenoside CK, ginsenoside Rg3 
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1. Introduction 

Superparamagnetic iron oxide nanoparticles (SPIONs) were highly researched in biomedical and nanomedicine field. 

The inherent biodegradable and biocompatible properties of SPIONs make them highly advantageous in 

nanomedicine. Additionally, the magnetic properties of SPIONs make them promising candidates to be used for 

biomedical applications such as drug delivery, diagnosis, and therapy. [1] 

There is a plethora of synthetic methods for SPIONs like physical, chemical and biological have been reported 

in the literature. [2,3] Further, SPIONs with bare surface tend to agglomerate due to strong magnetic attraction among 

particles. [4] SPIONs can exhibit low probability of reaching the desired target, non-specific interaction with proteins 

that can cause aggregation, adsorption of opsonins leading to phagocytosis and subsequent clearance from the body, 

and toxicity issues. [5] So, these can be avoided by conjugation or surface functionalization of SPIONs. Moreover, 

conjugation will provide stability, protection against clearance, increases bioavailability, exhibit low toxicity, and 

offer the potential for further conjugation. [6]  

Several strategies have been applied for conjugation. The most common approach is the linker chemistry, where 

chemical linkers cross-link nanoparticles and conjugating molecules. [7] Even though several chemical linkers are 

available, the chemical linker approach suffers from many disadvantages. For e.g. special reaction conditions, low 

conjugation efficiency, multiple cleaning steps and use of toxic chemical like 1-ethyl-3-(dimethylaminopropyl) 

carbodiimide (EDC) and N-hydroxysuccinimide (NHS). [8] On the other hand specific molecular recognition based 

on biotin-streptavidin is another common method. [9] The shortcomings of this approach are the need of complex 

procedure, expensive reagents, low specificity, low yield etc. Some other conjugation strategy already reported are 

often complex and require strict control of conditions. [10] 

Developing conjugation strategies for high-quality nanoparticles remains a challenge and essential need with 

regards to their applicability in the biomedical field. Despite several conjugation strategies have been employed its 

needs to develop simple and efficient conjugation method. Considering all the limitations of existing methods, in this 

study direct conjugation approach with natural medicinal compounds has been developed which is low cost, eco-

friendly, simple, fast and high yield. In the present study, the synthesized SPIONs were stabilized with natural 

medicinal compounds using direct conjugation approach thereby avoiding the need for expensive stabilizing agents 

which makes the process often complex. [10] Direct conjugation method, is conjugation method were the surface of 

nanoparticles can be directly coated with any compounds of interest. However, there have been no investigations on 
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the direct conjugation with natural medicinal compounds like ginsenosides despite some obvious advantages. In case 

of SPIONs the direct conjugation strategies have only been explored for polymers or surfactant like poly ethyl glycol, 

oleic acid etc. [10,11] The direct conjugation process also eliminates the use of chemical linkers, simplifies the 

conjugation process and increases the efficiency of the conjugation. 

Panax ginseng is traditionally used as a medicinal herb in Korea, China, and Japan. [12] Ginsenosides are the 

main active components in P. ginseng. Minor ginsenosides like CK and Rg3 have several pharmacological activities 

like anti-inflammation, anticancer, antitumor, cardioprotective, neuroprotective properties etc. [13,14,15,16,17] 

Although the improved efficacy of ginsenosides have been reported, their target-based delivery, as well as their poor 

bioavailability and absorption, remain major drawbacks for use in clinical trials. [18,19] By reviewing these reports, 

ginsenosides have been selected as a candidate for natural medicinal compound-based nanoparticles study. And it was 

considered that, if successful, this approach can be further applied to any natural sugar-based nanoparticles. 

In this study, the objective was to develop direct conjugation method of SPIONs with ginsenosides. Further, the 

biological activities of synthesized SPIONs conjugates were explored to see if SPIONs may serve as an effective 

carrier for ginsenosides. Biological activities thereby synthesized SPIONs conjugates were tested by anti-

inflammatory activities. 

 

2. Materials and methods 

 

2.1 Materials 

Iron (III) chloride hexahydrate (FeCl36H2O, 97%), Iron (II) chloride tetrahydrate (FeCl34H2O, 99%) and 

Dimethyl sulfoxide (DMSO, 99%) were purchased from Samchun Chemicals (Seoul, Korea). Sodium hydroxide 

(NaOH, 93-100%) was purchased from Duksan Pure Chemicals (Gyeonggi-do, Korea). Ginsenosides samples (CK 

and Rg3) (purity >90%, TLC) was kindly supported by Professor Feng-Xie Jin (Dalian Polytechnic University, China). 

All the other chemicals which have been used were purchased from Sigma-Aldrich (St. Louis, MO, USA).  

HaCaT cells, originated from human epidermal keratinocytes, were purchased from Sciencell (Carlsbad, CA, 

USA). HCT-116 cells, derived from human colon cancer cells and RAW 264.7 cells, derived from murine macrophage 

cells were obtained from the Korean Cell Line Bank (KCLB, Seoul, South Korea). Dulbecco’s modified eagle medium 

(DMEM), Roswell Park Memorial Institute medium (RPMI-1640), fetal bovine serum (FBS), penicillin and 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

 

streptomycin were purchased from Gibco BRL (Grand Island, NY, USA).  Unless otherwise mentioned, solvents were 

purchased from Samchun Chemicals (Seoul, Korea). 

 

 2.2. Synthesis of SPIONs  

A brief overview of the synthesis method of SPIONs was illustrated in Fig. 1. The synthesis of SPIONs was 

achieved via co-precipitation method. The SPIONs synthesis was based on sodium hydroxide (NaOH) mediated 

precipitation from 2:1 molar mixture of Fe3+ and Fe2+ salts (both in chloride form). Briefly, 5.4 g of FeCl3 hexahydrate 

(or 3.2 g of anhydrous) and 1.9 g of FeCl2 tetrahydrate (or 1.8 g of anhydrous) dissolved in 1 L of distilled water. 

After that, the mixture was kept under vigorously mixing and 40 mL of 2M NaOH was added slowly. The pH of 

reaction mixture was adjusted at 12 with NaOH. After 5 min agitation, the reaction mixture transferred to a water bath 

set at 65 ºC for 30 min. SPIONs pellet collected by means of neodymium magnet N52 (5x5x2.5 cm; ~5000 gausses) 

and washed two times with distilled water. The SPIONs were suspended in 200 mL of water and kept in the refrigerator 

(4 ºC) before using. 

 

2.3. Synthesis of SPION-Ginsenosides (SPION-GS) conjugates 

For the synthesis of SPIONs conjugates with ginsenosides (SPION-GS), 250 mg of ginsenosides (CK and Rg3) 

dissolved in 50 mL of 30% ethanol. Then, 2 g of SPIONs suspended in 200 mL of distilled water was washed two 

times and sonicated for 10 min by means UP100H ultrasonic device (Hielscher, Germany) (Fig. 2). Ginsenosides 

solution and SPIONs mixed and additionally sonicated for 10 min. Then the mixture is vigorously shaken at room 

temperature at least for 4 h. Resulted SPION-GS washed with distilled water three times. The nanoparticle was 

collected by means of the external magnet. SPION-GS were freeze-dried and kept at 4 ºC. This freeze-dried powder 

was used for further experiments. 

2.4. Determine the content of ginsenosides in the SPION-GS 

To determinate the percentage of ginsenosides attached to SPIONs, 10 mg of SPION-GS (freeze-dried 

powder) was suspended in 0.5 mL of ethanol (95%):1% acetic acid solution. Mixture sonicated for 3 min until 

dissolved completely. Finally, the eluate and nanoparticles pellet separated by centrifugation at 12000 rpm for 5 min. 

Quantitation of ginsenosides in eluates carried out by using thin layer chromatography (TLC) using TLC Kiesel gel 

60G F254 plates (10 × 10 cm, Merck, Germany). Separately, an equal volume of eluates and standard (ginsenosides 
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CK and Rg3) were spotted on to the TLC plates. The plates were developed using chloroform/methanol/water 

(65/35/10). Finally, the chromatogram visualized using 10% sulfuric acid followed by drying using the dryer, until 

the spots appear. Photocopy of chromatogram processed by means of precision scanning software Quantity One® 

(Bio-Rad, USA). For calculation of the percentage of attached natural medicinal compounds following formula has 

been used:  

Attaching percentage = Spot intensity of sample × Concentration of standard × Volume of sample 

                                                          Spot intensity of sample × mass of sample  

 

2.5. Characterization of SPIONs and SPION-GS 

Formation of colloidal SPIONs and SPIONs conjugates were determined through UV-vis spectrophotometer. 

Metal nanoparticles strongly interact with specific wavelengths of light and show different peaks. The optical 

absorption spectra of SPIONs and SPIONs conjugated samples were recorded by using UV-vis (Optizen POP; 

Mecasys; Daejeon, Korea). The spectrum was recorded between the wavelength range 200-400 nm. The morphology, 

elemental distribution and selected area diffraction (SAED) pattern of SPIONs and SPION-GS were analyzed through 

field emission transmission electron microscopy (FE-TEM), with a JEM-2100F (JEOL, Tokyo, Japan) instrument 

operated at 200 kV. The samples were prepared by placing a drop of samples solution (in water) on a carbon-coated 

copper grid and subsequently drying in an oven at 60 °C before transferring it to the microscope. The hydrodynamic 

size, polydispersity index, and zeta potential were measured in triplicate using Zetasizer Nano ZS90 (Malvern 

Instruments, UK) at 25 °C and at a 12 angle. As a reference dispersive medium pure water with refractive index 

1.3328, viscosity 0.8878, and dielectric constant 78.3 was used. For hydrodynamic size and zeta potential analysis, 

the samples were suspended in water and then used. Synthesized SPIONs and SPIONs were also examined by 

scanning electron microscope (SEM, LEO SUORA 55, GENESIS 2000, Carl Zeiss, Jena, Germany).  

The crystalline structure was determined by X-ray diffraction (XRD), which shows a different peak at different 

intervals. The XRD analyses were performed on X-ray diffractometer, D8 Advance, (Bruker), Germany, operated at 

40 kV, 40 mA, with CuKα radiation, at a scanning rate of 6°/min, step size 0.02, over the 2θ range of 20-80°. The 

magnetic properties were studied using a magnetometer equipment (vibrating sample magnetometer (VSM), Lake 

Shore Cryotronics, USA) based on the flux meter method connected to a data acquisition computing system (PC), 

a wide range of temperature (5-300 K) and at fields ranging from 0 to 10 k Oe. For SEM, XRD and magnetometer 
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analysis, powder (freeze-dried) form of samples has been used. The superparamagnetic activity of synthesized 

SPIONs was analyzed by placing the SPIONs suspension in presence of an external magnetic field. 

 

2.6. Cytotoxicity evaluation  

To test the in vitro cytotoxicity MTT assay was carried out against HaCaT and HCT-116 cells. HaCaT cells were 

cultured in DMEM, and HCT-116 cells were cultured in RPMI-1640 both medium supplemented with 10% heat-

inactivated FBS and 1% penicillin and streptomycin (P/S) at 37 ºC in an atmosphere containing 5% CO2. Both cells 

were seeded at a density of 1×105, cells per well in a 96-well microtiter plate (Corning Costar, Lowell, NY) and grown 

for 24 h. When cells reached over 80% confluence, the treatment was performed with various concentrations of 

SPIONs, CK, Rg3, SPIONs conjugated with ginsenoside CK (SPION-CK) and SPIONs conjugated with ginsenoside 

RG3 (SPION-Rg3). The concentration in all experiments was based on the percentage of ginsenosides attached to the 

SPIONs. After 24 h of treatment, MTT at a final concentration of 0.1 mg/mL was added to each well and further 

incubated for 3 h; then, the formazan was dissolved in DMSO and the absorbance of each well was determined on 

microplate reader (Molecular Devices Filter Max F5; Sunnyvale, CA, USA) at a wavelength of 520 nm.  

 

2.7. Antioxidant activity 

2.7.1. Diphenyl-1-picrylhydrazyl scavenging activity  

Free radical scavenging activity was determined by Diphenyl-1-picrylhydrazyl (DPPH) assay. A 20 µl of 

different concentration of samples were placed in a 96-well plate and 180 mL of 2, 2-diphenyl-1-picrylhydrazyl (0.2 

mM) in methanol was also added. The plate was standing at 37 ºC for 30 min in dark, and the absorbance was measured 

by a microplate reader (Molecular Devices Filter Max F5; Sunnyvale, CA, USA) at the wavelength of 520 nm. Each 

sample was separately tested at a various concentration from 1 µg/mL to 250 µg/mL. Arbutin was used as positive 

control.  

 

2.7.2. Measurement of intracellular reactive oxygen species (ROS) 

To determine the level of ROS, RAW 264.7 (murine macrophage) cells were plated in 96-well plate at a density 

1 x 105 cells/well, supplemented with DMEM, 10% (V/V) FBS and 1% (V/V) P/S and incubated for 24 h at 37 ºC in 

a humidified incubator (5% CO2   and 95% air). After 24 h, the cells were stimulated with 1 μg/mL of 
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lipopolysaccharide (LPS, Sigma Aldrich Co., USA) in presence and absence of SPIONs, CK, Rg3, and SPION-GS 

conjugated samples (SPION-CK and SPION-Rg3) and incubated for 24 h at 37 ºC. After 24 h of treatment, the cells 

were stained with 30 µM 2′,7′-dichlorofluorescein diacetate (DCF-DA) for 30 min at 37 ºC. Then the cells were rinsed 

twice with PBS and subjected to a microplate reader (Molecular Devices Filter Max F5; Sunnyvale, CA, USA). 

 

2.8. Anti-inflammatory activity on RAW 264.7 cells 

2.8.1. Cell viability and measurement of nitrite level 

To determine the cell viability and level of nitrite in cultured cells, the RAW 264.7 were seeded at density of 1 

x 105 cells/well in 96-microplate for 24 h and pretreated with 1 μg/mL lipopolysaccharide LPS and with various 

concentration (1, 10 and 100 μg/mL) of SPIONs, CK, Rg3, SPION-CK and SPION-Rg3 for 24 h. Cells without LPS 

stimulation was used as normal. After 24 h, a total 100 μL of culture supernatant was transferred to new microplate 

and then mixed with equal volume (100 μL) of Griess reagent (Sigma Aldrich Co., USA), and the absorbance was 

measured at 540 nm against a standard sodium nitrite curve using a microplate reader (Molecular Devices Filter Max 

F5; Sunnyvale, CA, USA). The left 100 μL of culture supernatant was used to perform MTT assay. 

2.8.2. Reverse transcription-polymerase chain reaction (RT-PCR) 

Based on the NO and ROS results SPIONs has not been selected for further study. RAW 264.7 cells were 

stimulated with LPS (1 µg/mL) in the presence or absence of CK, Rg3, SPION-CK, and SPION-Rg3. Total RNA was 

isolated by harvesting the whole-cell lysate using TRIZOL reagents (Invitrogen Life Technologies, Carlsbad, CA, 

USA) according to the manufacturer’s instructions. The RNA (2 µg) was reverse transcribed using 200 units of reverse 

transcriptase and 0.5 µg/µL oligo-(dT)15 primer. This reaction was performed at 42 ºC for 60 min and was terminated 

at 94 ºC for 5 min, for 30 times. PCR amplification of cDNA template was performed using PCR premix and following 

primers: glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and inducible nitric oxide synthase (iNOS). The 

primer sequences are listed in Table 1. For GAPDH, the reaction was performed at 42 ºC for 60 min and was terminated 

a 94 ºC for 5 min, for 30 times. For iNOS, the reaction was performed at 94 ºC for 5 min for one cycle and then 94 ºC 

for 1 min, 56 ºC for 30 s, and 72 ºC for 1 min for 30 cycles. The amplified polymerase chain reaction (PCR) products 

were separated by 2.0% agarose gel electrophoresis with ethidium bromide (Sigma-Aldrich) staining, at 100 V for 20 

min. GAPDH was used as an internal control. 

 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

 

2.9. Statistical analysis 

All the results were representative of three independent experiments and were expressed as mean ± SD. The 

results were determined using Graph Pad Prism 5 (GraphPad Software, Inc., CA, USA). Comparison of control and 

treatment groups was performed using ANOVA variance analysis, and the statistical significance was analyzed by 

Duncan’s test. P < 0.05 was significant. 

 

3. Results  

3.1. Characterization of SPIONs and SPION-GS  

The reduction of iron precursors to nanoparticles were seen by UV-vis spectroscopy.  UV-vis spectra of SPIONs 

and SPIONs conjugated samples were shown in Fig. 3. The absorbance peak of SPIONs appears at 210 nm which is 

typical for iron oxide nanoparticles. The UV-vis analysis peak for SPIONs conjugated samples showed the highest 

peak at 375 nm. The peak shifted towards red because the surface of the SPIONs in SPION-GS has been coated with 

ginsenosides. The red shift in UV-vis peaks further confirms the successful conjugation. The morphology of SPIONs 

conjugates was determined by FE-TEM instrument. The FE-TEM images of the SPIONs, SPION-CK, and SPION-

Rg3 proclaimed a roughly spherical morphology (Fig. 4a-c). In these micrographs, the apparent flocculation of 

particles is an artifact of drying during TEM grid sample preparation. The elemental mapping data clearly show iron 

oxide nanoparticles distributed evenly in the SPION-GS (Fig. 4d-f). The SAED pattern of SPIONs and SPION-GS 

was shown in Fig. S1a-c. The ring pattern in SAED confirms the crystalline nature of SPIONs and SPION-GS. 

The average size (± SD) of synthesized SPIONs, SPION-CK and SPION-Rg3 were 42.9 ± 0.3 nm, 61.2 ± 1.6 

nm and 68.3 ± 1.7 nm. The zeta potential value (± SD) of SPIONs, SPION-CK and SPION-Rg3 were determined to 

be -26.2 mV ± 5.9, +37.5 ± 6.8 mV and +27.9 ± 5.8 mV and +38.7 ± 4.1 mV. The zeta potential value of core SPIONs 

was above -25 mV, indicating the stability of SPIONs for a long time in solution. Moreover, the electrostatic repulsive 

force among the negatively charged surface of the SPIONs affords high stability to the colloidal solution by preventing 

them from agglomerating in the colloid state. On the other hand, positive zeta potential value was obtained for SPIONs 

conjugated samples. This is a result of the coating of the surface of SPIONs with natural medicinal compounds. The 

zeta potential value of SPIONs conjugated samples was above + 25mV, indicating the stability of samples for a long 

time in solution. The zeta potential value lays within the stable range, signifying that the SPIONs and SPIONs 

conjugation formation lead to the formation of the stable system. The hydrodynamic size and zeta potential value of 
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SPIONs and conjugates were shown in Fig. S1d-i. The average size and zeta potential values obtained for SPIONs 

and SPIONs conjugated samples is indicated in Table 2. The surface morphology of the samples was also examined 

by SEM is shown in the Fig. S2a-c. The EDAX spectrum of samples obtained using SEM showed Peaks around 0.9 

and 6.1 keV which are related to the iron oxide nanoparticles elements (Fig. S2d-f). 

XRD pattern of SPIONs showed the peaks at 31.2º, 36.81º, 44.7º, 59.3º and 65.1º corresponding to the (220), 

(311), (400), (511) and (440) reflections facets of the cubic crystalline structure (Fig. 5a). This pattern was similar to 

the Braggs's reflection of pure crystalline magnetite. All these distinct diffraction peaks correspond to the reflection 

of face-centered cubic (fcc) crystalline magnetite (Fe3O4) standard (JCPDS, PDF#26-1136), indicated the formation 

of SPIONs. The SPION-GS exhibited intense peaks in the whole spectrum of 2θ value ranging from 20º to 80º 

corresponding to (220), (311), (400), (511) and (440) reflections (Fig 5b). This pattern was similar to the Braggs's 

reflection of pure magnetite (Fe3O4) indicating that the purified product is composed of pure crystalline magnetite. 

The diffraction peaks were consistent with the standard data files (PDF#26-1136). The absence of any other peaks in 

XRD pattern indicated the high purity of SPIONs and SPION-GS.  

The magnetic hysteresis (MH) curve for core SPIONs and SPION-GS were presented in (Fig. 5c,d). The VSM 

determined Ms value for SPIONs was 70.2 emu/g which is about 31.1% of the standard value 220 emu/g for pure iron 

phase. The Ms value was more than 52 emu/g, indicating the good magnetic saturation of synthesized SPIONs. [20,21] 

The Ms value for SPIONs conjugated samples was 38.1 emu/g which is about 17.3% of the standard value of pure 

iron phase. The Ms value obtained for the SPIONs conjugated samples was less than SPIONs, indicating that the 

surface of SPIONs has been coated with the natural medicinal compound. Similar MH curve was obtained for SPIONs 

conjugated with ginsenoside CK, ginsenoside Rg3 and quercetin. Additionally, SPIONs shows superparamagnetic 

properties. The suspension of SPIONs in water becomes strongly magnetized in the presence of an external magnetic 

field. As soon they come to the contact of an external magnetic field they behave like a permanent magnet. This test 

confirms that the synthesized SPIONs were superparamagnetic in nature (Fig S3). 

 

3.2. Determination and validation of ginsenosides in SPION-GS  

Fig. 6, Showed the TLC result of SPION-GS. The content of ginsenosides attached is around ~5% (4.9% for 

SPION-Rg3 and 5.3% for SPION-CK). The appearance of similar TLC spots and same retention factor (Rf) peaks 

compared to that of control (CK and Rg3) confirms that conjugation has occurred and ginsenosides did not chang after 
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conjugation. SPIONs was good dispersible in water, but after conjugation with ginsenosides show very low solubility 

in water. This is because the surface of SPIONs gets coated with ginsenosides and the surface become hydrophobic. 

Adding non-ionic detergent Tween 20 (polysorbate 20, pharmacopeia approved emulsifier; Sigma-Aldrich) up to 0.1% 

gives good solubility of SPION-GS. 

 

3.3. In vitro cytotoxicity  

To observe the cytotoxicity of samples, the cell viability in HaCaT keratinocyte cells and HCT-116 colon cancer 

cells was examined by MTT assay. Fig. 7 indicates, SPIONs at the concentration (1-100 μg/mL) had no effect on the 

viability of HaCaT keratinocyte cells and HCT-116 colon cancer cells. But, when the concentration of CK range from 

10-100 μg/mL, the cell viability on HaCaT cells was slightly affected whereas SPION-CK did not affect the cell 

viability at the concentration up to 100 μg/mL. In case of HCT-116 cells, although CK showed a huge cytotoxic effect 

from the concentration 50 μg/mL, SPION-CK showed little cytotoxicity at the same concentrations (Fig. 7a,b). On 

HaCaT cells, Rg3 showed cytotoxicity at the concentrations range from 1-100 μg/mL whereas SPION-Rg3 did not 

affect the cell viability. But on HCT-116 cells, Rg3 and SPION-Rg3 showed similar cytotoxicity in the concentration-

dependent manner (Fig. 7c,d). A sigmodal curve for MTT assay is represented in Fig. S4. 

 

3.4. Antioxidant activity 

3.4.1. Diphenyl-1-picrylhydrazyl scavenging activities 

The free radical scavenging activity of samples was determined by DPPH assay. Only SPIONs have no free 

radical scavenging activity. As shown in Fig. S5a, ginsenoside CK have low scavenging activity but SPION-CK has 

considerably high free radical scavenging activity. The DPPH inhibition activity of SPION-CK was measured at 250 

µg/mL by 72% which is significantly higher than that of CK. The scavenging activity of Rg3 is very low which is 

slightly enhanced in case of SPION-Rg3. The scavenging activity of SPION-Rg3 was measured at 250 µg/mL by 

33.5%, which is higher than that of Rg3 (Fig. S5b). Overall there is no DPPH scavenging activity on SPIONs 

treatment. However, SPION-GS have the free radical scavenging activity. The IC50 values of all the samples is 

presented in Table 3. 

 

3.4.2. ROS production 
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To investigate the effects of SPIONs, CK, Rg3, SPION-CK, and SPION-Rg3 on LPS-induced ROS generation, 

the cellular level of ROS secretion was measured.  Fig. 8 indicates that SPIONs seems to have no effect on ROS 

production. When cells treated with CK and SPION-CK showed significant inhibition of ROS at 100 µg/mL which 

were 5.5% and 17.7%. On the other hand, Rg3 seems to have no effect on attenuation of ROS production. However, 

increase in ROS levels was quenched by SPION-Rg3 treatment at 10 µg/mL and 100 µg/mL by 80.6% and 16.0%. 

 

3.5. Anti-inflammatory activity on RAW 264.7 cells 

3.5.1. Cell viability and NO production  

To check the anti-inflammatory effect, cell viability and NO assay was performed on LPS-induced RAW 264.7 

cells. LPS treatment can induce NO production in RAW 264.7 cells. Fig. 9 indicates that cell viability and LPS-induce 

NO production were not affected by SPIONs treatment. Treatment with CK and SPION-CK caused significant 

decrease cell viability at the concentration 100 μg/mL. Although cytotoxicity was observed at the concentration 100 

μg/mL, the NO production was significantly inhibited by CK and SPION-CK at the concentration 10 μg/mL (Fig. 9a). 

Rg3 and SPION-Rg3 did not affect the cell viability at concentrations ranging from 1-100 µg/mL.  However, NO 

production was significantly decreased by Rg3 and SPION-Rg3 in a concentration-dependent manner (Fig. 9c).   

 

3.5.2. mRNA level of iNOS measured by RT-PCR 

After stimulation with LPS (1 µg/mL), the iNOS mRNA expression was measured RAW 264.7 cells which were 

treated with CK, SPION-CK, Rg3, and SPION-Rg3. As shown in Fig. 10, iNOS mRNA expression was upregulated 

in LPS induced RAW 264.7 cells, while treatment with samples inhibited the overproduction of iNOS mRNA 

expression. The elevated iNOS mRNA expression was decreased in a concentration-dependent manner. In Rg3 and 

SPION-Rg3 treated cells the iNOS mRNA level was inhibited by 43.7% and 44.4% at 100 µg/mL. In case of CK and 

SPION-CK treated cells, iNOS mRNA level was investigated at the concentration of 1 µg/mL and 10 µg/mL. Due to 

the cytotoxic effect of CK and SPION-CK at the concentration 100 µg/mL, this concentration was eliminated for RT-

PCR analysis. mRNA level of iNOS was inhibited by treatment with CK and SPION-CK by 47.9% and 45.8% at 10 

µg/mL. LPS, as well as tested samples, did not affect mRNA expression of the housekeeping gene GAPDH. 

 

4. Discussion 
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The aim of this study was to develop a low cost, eco-friendly, simple, fast and high yield direct conjugation 

method of superparamagnetic iron oxide nanoparticles (SPIONs) with natural medicinal compounds.  Primarily, using 

direct conjugation approach SPIONs conjugation with ginsenosides has been done. In previous reports, toxic and 

expensive chemicals such as EDC/NHC or glutaraldehyde have been used for conjugation, which often raises the 

environmental issue. [22] In this study, no expensive or toxic chemicals were used for conjugation, indicated that the 

direct conjugation method was cheap and eco-friendly. Additionally, fewer steps make the direct conjugation method 

simple. The previous study on conjugation of Rg3 with SPIONs suggested that the conjugation method takes 12-15 h 

and needs special instruments for purification steps. [5] In the present investigation, the direct conjugation method 

took 1-4 h making the process fast. Further, no special instruments were used for purification steps. Previously 

reported, conjugation methods required complex conditions like high temperature, column for purification, dark and 

unoxygenated environment. [23,24] On the other hand, the direct conjugation could be performed at an ambient 

condition like room temperature and in presence of oxygen.  

Despite the numerous reported conjugation methods in the literature, there is an ever-increasing demand for the 

development of simple and efficient conjugation strategy. [6] Present results suggested that a simple, cheap, fast and 

eco-friendly direct conjugation approach has been developed. In addition, the direct conjugation method showed high 

reproducibility. The direct conjugation approach was used to achieve ginsenosides (CK and Rg3) conjugation to 

SPIONs. TLC results demonstrated that the binding of natural medicinal compounds i.e. ginsenosides Rg3 and CK 

have occurred and the structure of the compound did not change after conjugation (Fig. 6). Notably, the binding 

percentage of ginsenosides to SPIONs was found to be 5%.  Present results were similar to the previously reported 

work which showed the attaching percentage for ginsenosides to SPIONs was 5%. [14] Their data also suggested that 

SPIONs conjugated with ginsenoside Rg3 was soluble in acid. In this study, the results showed that SPIONs were 

good dispersible in water, but after conjugation with ginsenosides CK and Rg3 the solubility in water was decreased. 

Adding non-ionic detergent Tween 20 (polysorbate 20, pharmacopeia approved emulsifier) up to 0.1% give good 

solubility of SPIONs conjugated samples (SPION-CK and SPION-Rg3).  

Further, the characterization results indicated the appropriate characteristics of SPIONs and SPIONs conjugated 

samples. Previously, several unique shapes of SPIONs were discovered for e.g. nanorod, nanocubes, nano-husk, 

spherical, distorted cubes, flower-shaped etc. [25] In the present study, TEM images confirmed the morphology of 

synthesized SPIONs and SPIONs conjugated samples were roughly spherical in shape. The size and stabilizing factors 
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of SPIONs and SPIONs conjugated samples was observed in DLS and zeta potential. In this work, the average size (± 

SD) of synthesized SPIONs was 42.9 ± 0.3 nm. But after conjugation with ginsenosides, the average size was increased 

(Table 4). The increase in size resulted because the surface of SPIONs has been coated with ginsenosides. This 

characterization proved that the conjugation was successful. [22,26] As reported by Cheng et al., 2015 [27] the stability 

of SPIONs deteriorated when the SPIONs was conjugated with curcumin. The zeta potential value of curcumin 

conjugated SPIONs was decreased to -0.01 ± 0.01 mV suggested the highly unstable nature of conjugates. The present 

results supported the formation of colloidal stable SPIONs conjugates. The zeta potential value of SPION-CK and 

SPION-Rg3 were +37.8 ± 6.8 mV and +27.4 ± 5.8 mV, respectively. This zeta potential value obtained for SPION-

GS lays at the margin of stable range, signifying that the SPIONs conjugates formation leads to the formation of 

relatively stable system. [28] The magnetic saturation value for SPIONs was determined to be 70.2 emu/g, which is 

considered as good magnetic property. [10] On the other hand, in SPIO-GS the Ms value were decreased to 38.1 

emu/g. The decrease in Ms value can be attributed to the fact that SPIONs surface has been coated with ginsenosides. 

Similar results were reported by Sun et al., 2008 [29] their results suggested that the Ms value of SPIONs was 

decreased by 50% after the coating with different surfactants like sodium oleate, polyvinyl alcohol, and starch. This 

result confirmed the conjugation was successful. The XRD results further provided the evidence that the synthesized 

SPIONs and SPION-GS were crystalline structure. Based on results, an effective direct conjugation method has been 

developed. This conjugation strategy can be applied for any natural medicinal compounds or drugs containing 

hydroxyl (–OH), amine (–NH2), sulfhydryl (–SH), phosphate (PO43-), carboxylic (–COOH) and vicinal hydroxyl 

groups or their combination. 

After the successful synthesis of SPION-CK and SPION-Rg3, they have been explored for biomedical 

applications. SPIONs are considered as biocompatible because they can be cleared from the body by opsonization or 

through degradation via the body’s metabolism forming iron ions that are then included in normal body metabolism 

e.g. used by erythrocytes to form hemoglobin [30]. SPIONs are one of the only US food and drug administration 

(FDA) approved nanoparticles for their use as MRI contrast agents of the liver and as iron supplements [31,33]. In the 

present study in-vitro cytotoxic activity shows that SPIONs were non-cytotoxic in nature (Fig 7). On the other hand, 

cytotoxicity was observed in case of ginsenosides CK and Rg3 but these ginsenosides have already been reported for 

their anticancer and antitumor activities [13,14]. Ginsenoside CK also seems to damage HaCaT cells at 50 μg/mL & 

100 μg/mL concertation. 
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The DPPH scavenging results showed that the SPIONs conjugated samples have antioxidant activity (Fig. S5). 

The free radicals scavenging might be due to the electron transfer from the nanoparticles system to the free radical 

located at the nitrogen atom in DPPH [33].  Recently some reports showed the anti-inflammatory effect of 

nanoparticles. [34] In this study, it has been also evaluated the anti-inflammatory effect of SPIONs conjugated samples 

on LPS-induced RAW-264.7 cells. As expected, intracellular reactive oxygen species (ROS) and nitric oxide (NO) is 

stimulated by LPS treatment. ROS and NO production in LPS-induced RAW 264.7 cells were markedly decreased by 

SPIONs conjugated samples (Fig. 8 & Fig. 19. Further, RT-PCR analysis revealed that all CK, SPION-CK, Rg3, and 

SPION-Rg3 significantly decreased LPS-induced mRNA expression levels of iNOS (Fig. 10). Based on this result, 

the SPIONs conjugated samples may be a potential therapeutic for the treatment of inflammatory diseases. However, 

further in vivo study is required to determine how these SPIONs conjugated samples inhibit the overexpression of 

inflammatory mediators.  

Direct conjugation method is fast and effective, however further work is needed to determine other factors that 

influence the activity of SPIONs conjugates like the release of natural medicinal compounds depending on pH, 

temperature and applied a magnetic field. Also, there is need investigate issues regarding in vivo toxicity, systemic 

degradation and bioclearence of SPIONs. 

 

5. Conclusion  

The present study demonstrated the development of direct conjugation method of SPIONs with natural medicinal 

compounds like ginsenoside CK and ginsenoside Rg3. SPIONs were conjugated with CK and Rg3 in by using direct 

conjugation method, which is low cost, eco-friendly, simple, fast and high yield. The characterization results showed 

the small size, improved stability and superparamagnetic activity of synthesized SPIONs conjugates. The SPION-GS 

showed anti-oxidant properties. Anti-inflammatory activity was confirmed by ROS, NO, iNOS tests. Present results 

supported the potential of SPIONs to act as an effective carrier for natural medicinal compounds. Direct conjugation 

approach for SPIONs has been developed that could also be used for other natural medicinal compounds to improve 

their bioavailability, targeted delivery, minimizing dose concentration and unwanted toxicity to normal cells. 

However, further study is needed, regarding in vivo toxicity and bioclearence of SPIONs. 
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Graphical abstract: Conjugation scheme of ginsenosides with superparamagnetic iron oxide nanoparticles (SPIONs). 

 

Fig.1. Schematic procedure of synthesis of superparamagnetic iron oxide nanoparticles (SPIONs). 

 

Fig. 2. Stepwise process of direct conjugation of SPIONs with ginsenosides.  

 

Fig. 3. Ultraviolet-visible spectra of SPIONs (a) and SPION-GS (b). For SPION-CK and SPION-Rg3 similar XRD 

and MH cure obtained, hence only one result has been shown. 

 

Fig. 4.TEM images of SPIONs (a), SPION-CK, (b) and SPION-Rg3 (c). Elemental mapping results indicate the 

distribution of elements in respective nanoproducts, SPIONs (d), SPION-CK (e), SPION-RG3 (f).   

 

Fig. 5. X-Ray diffraction pattern and Magnetic hysteresis curve of SPIONs (a & c) and SPION-GS (b & d). For 

SPION-CK and SPION-Rg3 similar XRD and MH cure obtained, hence only one result has been shown. 

 

Fig. 6. TLC based determination of ginsenosides content in SPIONs conjugated with ginsenosides.  

TLC image (a), peak obtained in quantity by One-Bio-Rad software for CK (b), CK eluate (c), Rg3 (d), and Rg3 eluate 

(e). The TLC image was analyzed using quantity One-Bio-Rad software. Each experiment was performed 

independently in triplicate and data expressed as mean ± SD. 

 

Fig. 7. In vitro effect of SPIONs, CK, SPION-CK, Rg3, and SPION-Rg3 on cell viability of HaCaT keratinocyte cells 

(a & c) and HCT-116 colon cancer cells (b & d). 

For cell cytotoxicity assay, HaCaT and HCT-116 cells were incubated for 24 h with various concentration (1, 10, 50, 

100 µg/mL) of superparamagnetic iron oxide nanoparticles (SPIONs), ginsenoside CK and SPIONs conjugated with 

ginsenoside CK (SPION-CK). Cell viability was determined by MTT assay. Data shown represent the mean values of 

three experiments ± SD 

 

Fig. 8. Effect of SPIONs, CK, SPION-CK, Rg3, and SPION-Rg3 on the ROS production in RAW 264.7 cells. 
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For ROS determination, cells were treated with various concentration (1, 10, 100 µg/mL) of SPIONs, ginsenoside CK, 

SPION-CK, Rg3, SPION-Rg3 and stimulated with LPS (1 µg/mL) for 24 h. The ROS were detected by DCF-DA 

assay as describes in methods. Data shown represent the mean values of three experiments ± SD. ### P < 0.001 when 

compared with LPS untreated group (normal). * P < 0.05, *** P < 0.001 as compared to the group treated with LPS 

alone. 

 

Fig. 9.  Effect of SPIONs, CK, SPION-CK, Rg3, and SPION-Rg3 on cell viability (a & c) and nitric oxide production 

(b & d) in RAW 264.7 cells. 

For cell viability and nitric oxide assay, RAW 264.7 cells treated with various concentration (1, 10,100 µg/mL) of 

SPIONs, ginsenoside CK, SPION-CK, ginsenoside Rg3, SPION-Rg3 and stimulated with LPS (1 µg/mL) for 24 h. 

The concentration of nitrite was determined as described in methods. Data shown represent the mean values of three 

experiments ± SD. ### P < 0.001 when compared with LPS untreated group (normal). ** P < 0.01, *** P < 0.001 as 

compared to the group treated with LPS alone. 

 

Fig. 10.  Effect of ginsenoside CK, SPION-CK, ginsenoside Rg3, SPION-Rg3, on the expression of iNOS mRNA 

level. 

RAW 264.7 cell were treated with different concentration (1, 10 µg/mL for CK, SPION-CK and 10, 100 µg/mL for 

Rg3, SPION-Rg3) and stimulated with LPS (1 µg/mL) for 24 h. The mRNA expression level was determined by RT-

PCR analysis and compared with those of GAPDH. ### P < 0.001 when compared with LPS untreated group (normal). 

*P < 0.05 and *** P < 0.001 as compared to the group treated with LPS alone. 
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Table 1. PCR primer sequence 

Primer name Orientation Primer sequence 5’ to 3’ orientation 

GAPDH 

Forward TGCACCACCAACTGCTTAGC 

Reverse GGCATGGACTGTGGTCATGAG 

iNOS 

Forward ACCCAAGGTCTACGTTCAGG 

Reverse CGCACATCTCCGCAAATGTA 
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Table 2. Particles size distribution and zeta potential measurement of SPIONs and SPION-GS. 

Samples Average size (± SD) Zeta Potential (± SD) 

SPIONs 42.9 ± 0.3 nm - 26.2 ± 5.9 mV 

SPION-CK 61.2 ± 1.6 nm + 37.5 ± 6.8 mV 

SPION-Rg3 68.3 ± 1.7 nm + 27.9 ± 5.8 mV 

 

The particles size distribution was investigated by dynamic light scattering (DLS) analysis, and the surface charge and 

stability of nanoparticles was investigated by zeta potential, DDW was used as a dispersive medium. Each experiment 

was performed in triplicate. The data were represented as mean ± SD. SPIONs; superparamagnetic iron oxide 

nanoparticles, SPION-CK; SPIONs conjugated with ginsenoside CK, SPION-Rg3; SPIONs conjugated with 

ginsenoside Rg3 
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Table 3. Antioxidant activity (% of DPPH discoloration) of SPIONs, CK, Rg3 and SPIONS-GS. 

Samples Concentration (µg/mL) DPPH radical inhibition (%) 

SPIONs 1 1.5 ± 5.4 

 10 1.6 ± 5.1 

 100 1.9 ± 3.8 

 200 5.3 ± 2.4 

 250 7.2 ± 3.5 

CK 1 2.3 ± 3.2 

 10 9.7 ± 1.8 

 100 16.6 ± 2.8 

 200 19 ± 3.6 

 250 21.1 ± 4.2 

SPION-CK 1 3.1 ± 0.8 

 10 8.2 ± 0.6 

 100 31.5 ± 3.2 

 200 47.9 ± 6 

 250 72 ± 5.8 

Rg3 1 0.04 ± 3.9 

 10 0.72 ± 1.2 

 100 1.1 ± 2.7 

 200 4.1 ± 2.1 

 250 7.4 ± 3 

SPION-Rg3 1 0.37 ± 0.2 

 10 0.92 ± 0.5 

 100 2.5 ± 1.3 

 200 10.7 ± 0.7 

 250 33.5 ± 1.3 

 Antioxidant activity was determined by DPPH assay. Each experiment was performed independently in triplicate, 

and the data are indicated as mean ± standard deviation. 

  

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

 

 

Table 4. Characterization of SPIONs and SPION-GS. 

Samples Shape 
Average 

size 

Zeta 

Potential 

 

Magnetization 

 

Attaching 

(%) 
Solubility 

Colloidal 

stability 

SPIONs Spherical 
42.9 ± 0.3 

nm 

- 26.2 ± 

5.9 mV 
70.2 emu/g NA in water Stable 

SPION-

CK  

Spherical 
61.2 ± 1.6 

nm 

+ 37.8 ± 

6.8 mV 
38.1 emu/g 5.2 ± 0.2 

In 0.1 % 

Tween 20 
Stable 

SPION-

Rg3 
Spherical 

68.3 ± 1.7 

nm 

+ 27.4 ± 

5.8 mV 
38.1 emu/g 4.8 ± 0.3 

In 0.1 % 

Tween 20 
Stable 

SPIONs, Superparamagnetic iron oxide nanoparticles; SPION-CK, SPIONs conjugated with ginsenoside CK; 

SPION-Rg3, SPIONs conjugated with ginsenoside Rg3; NA, not applicable. 
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Highlights 

 Simple, cheap, ecofriendly and high yield direct conjugation method has been developed. 

 Direct conjugation method was used for superparamagnetic iron oxide nanoparticles (SPIONs) conjugation. 

 Direct conjugation method was successful in conjugating SPIONs with ginsenosides CK and Rg3. 

 The ginsenosides conjugates were nontoxic to HaCaT keratinocyte cells.  

 The conjugates showed anti-inflammatory effects in RAW 264.7 cells.  
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