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Abstract
Purpose: Human bone marrow-derived mesenchymal cell (hBMC) reactions to 316L stainless steel (316L-SS) have
never been evaluated. The objective of this study was to assess cell viability and interleukin-6 expression of hBMC
cultures upon treatment with a 316L-SS implant. Methods: A cytotoxicity analysis was conducted with a 3-(4,5-
dimethylthiazol 2-yl)-2,5- diphenyltetrazolium (MTT) assay after a period of 24, 48 and 72 hours of incubation.
Expression of interleukin-6 was measured using enzyme-linked immunosorbent assay (ELISA). Results: Cell viability
measurement was performed via IC  formula. All treatment group showed a > 50 % cell viability with a range of 56,5
- 96,9 % at 24 hours, 51,8-77,3% at 48 hours and 70,1- 120 % at 72 hours. Interleukin-6 expression was
downregulated subsequent to treatment with 316L-SS compared to the control group. Conclusion: We found that
316L-SS did not exhibit toxicity towards hBMC culture. © 2017 The Authors.
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Introduction

Presently, 316L stainless steel (316L-SS) implants are 

still widely utilized in the field of medical practice, 

especially orthopedic surgery. It has excellent 

mechanical properties, corrosion resistance and is cost 

effective.
1
 It is mandatory to evaluate biomedical safety 

before using such implants in humans.
2
 As one of the 

dominant cellular components of medullary bone 

marrow, mesenchymal cells have important roles in 

several human tissue regeneration processes. They also 

possess the capability of producing several cytokines 

(include interleukin-6/IL-6) after contact with foreign 

material.
3,4

 Human bone marrow mesenchymal cells 

(hBMC) reactions to 316L-SS have never been 

evaluated. Therefore, herein, we conducted an in vitro 

cytotoxicity study of 316L-SS on hBMC along with 

evaluating the expression of IL-6.  

 

Materials and Methods 

Human bone marrow-derived mesenchymal cell 

isolation and culture 

Bone marrow samples were obtained from a patient 

experiencing total hip arthroplasty surgery with written 

informed consent and ethical approval from the Ethics 

Commission of Prof. Dr. R. Soeharso Orthopedic 

Hospital, Solo, Indonesia. During surgery, an 

approximately 10 ml of bone marrow suspension was 

harvested from the intramedullary canal of the femur. It 

was captured in a 20 ml tube (Falcon, BD Bioscience) 

containing the same volume of heparinized (10 U/mL) 

phosphate – buffered saline (PBS) to prevent clotting. 

The mixture of bone marrow and heparinized PBS was 

kept at 4°C prior to further processing in the laboratory. 

hBMC culturing was conducted in the Laboratory of Cell 

Culture at the Department of Physiology, Gadjah Mada 

University School of Medicine, Yogyakarta, Indonesia. 

Bone marrow was loaded into a centrifuge tube and 

centrifuged at 2500 rpm for 10 minutes at room 

temperature. The top layer of mononuclear cells was 

collected and washed with PBS twice and Dulbeco’s 

Modified Eagle Media (DMEM) once. The isolated cells 

were suspended in DMEM, supplemented with 15% 

PBS, 1% antibiotic – mycotic (Sigma – Aldrich, Co, 

USA) and seeded into 25 cm
2
 flasks. The cells were 

incubated at 37°C, 5% CO2. After three days, non-

adherent cells were removed by washing twice with PBS 

and the new medium was applied. The cell density and 
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Abstract 
Purpose: Human bone marrow-derived mesenchymal cell (hBMC) reactions to 316L 

stainless steel (316L-SS) have never been evaluated. The objective of this study was to 

assess cell viability and interleukin-6 expression of hBMC cultures upon treatment with a 

316L-SS implant.  

Methods: A cytotoxicity analysis was conducted with a 3-(4,5-dimethylthiazol 2-yl)-2,5-

diphenyltetrazolium (MTT) assay after a period of 24, 48 and 72 hours of incubation. 

Expression of interleukin-6 was measured using enzyme-linked immunosorbent assay 

(ELISA).  

Results: Cell viability measurement was performed via IC50 formula. All treatment group 

showed a > 50 % cell viability with a range of 56,5 - 96,9 % at 24 hours, 51,8-77,3% at 48 

hours and 70,1- 120 % at 72 hours. Interleukin-6 expression was downregulated subsequent 

to treatment with 316L-SS compared to the control group.  

Conclusion: We found that 316L-SS did not exhibit toxicity towards hBMC culture.  
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Introduction

Carbohydrates are viewed as a key part in various 

biological processes. Given their differing difficulty in 

all cells, it is not surprising that glycans have various 

assorted part in different physiological processes. The 

physiological processes are made out of sophisticated 

multi-cell living organism form. Honestly, a generous 

number of bioactive compounds are glycosylated and the 

sugar moiety is considered as a key for their bioactivity.
1
 

Of them, glycoproteins found in cell–cell recognition of 

various pathologies are of remarkable interest.
2
 Actually, 

oligosaccharides found in glycoproteins are recognized 

by lectin receptors, the key part for carbohydrate-

mediated recognition actions.
3
 For example, lacto 

oligosaccharides series are incorporated into a couple of 

structures with high biological concern (e.g., glycolipids 

and glycoproteins) (Figure1).
4-6 

The destiny of carbohydrate science will be great by the 

use of its products. The access to oligosaccharides by 

separation from natural sources is believed tedious and 

subsequently it gives simply little material that 

consistently needs the targeted level of purity. The 

synthesis of high purity oligosaccharides is considered a 

challenge. Additionally, it is critical for improvement of 

glycobiology branch.
7
 The absence of fruitful and 

successful methods for synthesis decreased the usage and 

the examination of oligosaccharides for therapeutic and 

diagnostic applications. The preparation of 

monodeprotected sugar is one of the basic building 

stones in accomplishing complex oligosaccharides.
8,9

 

Due to the complexity of structure as well as variability 

of oligosaccharides, it has been highlighted more than in 

case of proteins or DNA. Moreover, they are not 
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Abstract 
Purpose: To describe a chemoenzymatic approach joining an enzymatic regioselective 

hydrolysis of peracetylated N-acetyl-α-D-glucosamine (A) with a mild controlled acyl 

relocation which resulted 2-acetamido-2 deoxy-1,3,6-tri-O-acetyl-α-D-glucopyranose (1B).  

Methods: Immobilization of lipase on decaoctyl (DSEOD) and octyl-agarose (OSCL) was 

carried out as reported by the work of Bastida et al. The newly developed RP-HPLC method 

for examining the enzymatic hydrolysis was carried out isocratically utilizing a HPLC system. 

Results: The new approach resulted the target compound (B) in 95% yield after purification 

utilizing flash column chromatography. Candida rugosa-lipase immobilized ondecaoctyl-

sepabeads was the best catalyst in terms of activity and region-selectivity in the hydrolysis of 

substrate (A), delivering the deacetylation at C6 position (98% general yield).  

Also, a reversed-phase high-performance liquid-chromatographic (RP-HPLC) method for 

controlling the region-selective hydrolysis of peracetylated N-acetyl-α-D-glucosamine (A) 

with a mild monitored acyl movement which led to 2-acetamido-2-deoxy-1,3,6-tri-O-acetyl-α-

D-glucopyranose (1B) has additionally been developed. The developed RP-HPLC method was 

utilized as fingerprints to follow the hydrolysis of substrate (A) and to determine its purity and 

additionally yield. Furthermore, the acquired compound (B) was further purified by flash 

chromatography. Compound (B) was further characterized utilizing 1HNMR and mass 

spectrometry. 

Conclusion: An efficient chemoenzymatic procedure to optimize the preparation of 

peracetylated lactosamine B containing acetyl ester as extraordinary protecting group is 

presented. Compound B is a significant intermediate for the synthesis of pharmacologically 

active compound (e.g. complex oligosaccharides for biochemical, biophysical, or biological 

examinations). Besides, reaction monitoring utilizing HPLC proposes more exact information 

than spectroscopic methods. 
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Introduction

Legionnaires' disease is a serious form of pneumonia and 

lung inflammation, which is caused by intracellular 

bacterium Legionella. Although early therapeutic 

intervention using antibiotics usually cures Legionnaires’ 

disease, some patients experience complications that 

could lead to death.
1
 Legionella rapidly develops 

resistance to commonly used antibacterial agents.
2
 

Therefore, there is an urgent demand for discovery of 

new antibacterial targets to overcome the resistance 

problem. Bacterial pathogens deliver effector proteins 

which interfere with host cell physiological functions and 

hijack their target cell machinery leading to specific 

clinical symptoms.
3,4

 To escape degradation by its host 

cells, a Legionella-containing vacuole (LCV) is formed 

and protects the bacterium from cell immune defense, 

possibly through secretion of bacterial proteins into the 

host cytosol.
5
 Therefore, specific antibiotics with high 

levels of permeability are required to pass cell membrane 

barrier and reach the bacterium within the cells.
6
 This 

review describes different gene therapy approaches 

including antisense therapy mediated by dendrimers to 

target and eliminate or disarm pathogen, novel method 

for specific targeting of effective types of antibiotics to 

intracellular L. pneumophila (Legionella pneumophila). 

We also describe antisense therapy for L. pneumophila 

treatment targeting bacterial protein synthesis aiming to 

disturb host trafficking pathway through interference 

with phagosome and lysosome fusion in macrophages, 

therefore targeting bacteria in the cytoplasm by different 

methods such as RNA interference type would be an 
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Abstract 
Finding novel and effective antibiotics for treatment of Legionella disease is a challenging 

field. Treatment with antibiotics usually cures Legionella infection; however, if the resultant 

disease is not timely recognized and treated properly, it leads to poor prognosis and high 

case fatality rate. Legionella pneumophila DrrA protein (Defects in Rab1 recruitment 

protein A)/also known as SidM affects host cell vesicular trafficking through modification 

of the activity of cellular small guanosine triphosphatase )GTPase( Rab (Ras-related in 

brain) function which facilitates intracellular bacterial replication within a supporter 

vacuole. Also, Legionella pneumophila LepA and LepB (Legionella effector protein A and 

B) proteins suppress host-cell Rab1 protein’s function resulting in the cell lysis and release 

of bacteria that subsequently infect neighbour cells. Legionella readily develops resistant to 

antibiotics and, therefore, new drugs with different modes of action and therapeutic 

strategic approaches are urgently required among antimicrobial drug therapies;gene therapy 

is a novel approach for Legionnaires disease treatment. On the contrary to the conventional 

treatment approaches that target bacterial proteins, new treatment interventions target DNA 

(Deoxyribonucleic acid), RNA (Ribonucleic acid) species, and different protein families or 

macromolecular complexes of these components. The above approaches can overcome the 

problems in therapy of Legionella infections caused by antibiotics resistance pathogens. 

Targeting Legionella genes involved in manipulating cellular vesicular trafficking using a 

dendrimer-mediated antisense therapy is a promising approach to inhibit bacterial 

replication within the target cells. 
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