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osteoinductive potential remains in doubt [3,4]. The addition of 
biologically active molecules like growth factors and proteins (e.g. 
albumin) to bone substitutes can enhance regenerative potential 
and thereby decrease healing time [5,6].  Moreover, antibiotics 
can be loaded onto biomaterials in order to prevent infectious 
complications associated with bone surgery [7]. The local use of 
antibiotics could prevent infections by increasing the local drug 
concentration, but intravenous administration is still the most 
frequently applied treatment strategy [8,9]. In our previous work, 
amoxicillin, ciprofloxacin and vancomycin were tested in-vitro as 
possible drugs for local antibiotic delivery. Our results showed 
that the sustained release of these drugs provides efficient local 
concentration with a lower dose than is required intravenously. 
Therefore, this is a promising method for preventing and treating 
bacterial infections in poorly perfused tissues, such as bone 
replacement sites [10].

 Gentamicin is another well-known antibacterial drug, 
applied locally as the biologically active ingredient of gels; beads 
and bone cement [11-15]. Both in-vitro and in-vivo studies have 
been conducted, using gentamicin alone or in combination with 
other substances, like ciprofloxacin [16-18].

 Loading and impregnation are the available methods 
used to associate the antibiotics with the selected material 
[18]. Loading is the most frequently applied technique for local 
sustained release application, however, up to now; there has 
been no literature data available on sustained release coatings 
[19]. Sodium-alginate (Na-Alg) is a biodegradable, biocompatible 
polymer already widely used in beads and for encapsulation [20-
23]. This polymer can be converted to water insoluble calcium-
alginate (Ca-Alg), which is an important feature for sustained 
release. Together, these properties suggest that Na-Alg is an ideal 
coating material for sustained release.

 In the present work, we designed a gentamicin delivering 
system providing efficient local drug concentration in a sustained 
release fashion from a human bone allograft vehicle with a Na-Alg 
coating. In addition, we developed a cost-effective, sensitive and 
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Abstract
Antibiotic coating of bone substitutes offers a solution in the 

prevention and treatment of surgical infections. The primary aims 
of this study were to use bone allografts for antibiotic delivery, 
investigate the short-term release profile of gentamicin, and develop 
a biocompatible coating for long-term sustained release. Spongious 
human bone allografts were used as the antibiotic vehicle. For 
the short-term drug release coating, the grafts were incubated in 
antibiotic solution followed by a freeze-drying step. For long-term 
release, this protocol was modified by adding a water insoluble 
alginate film layer. In addition, a novel gentamicin determination 
method was developed by reacting the drug selectively with ninhydrin 
to form a chromophore suitable for quantitative spectrophotometric 
measurements. The short-term release from bone allografts lasted up 
to 48 hours; the total amount of the released antibiotic was 914±142 
µg. With the application of the alginate coating, a 50-day sustained 
release profile was observed (149±4 µg release, approximately 3µg/
day). The determination protocol was fast, accurate, and cost-effective 
for quantitative measurement of gentamicin. We demonstrated a 
promising method for increasing the local gentamicin concentration 
with the application of a widely used bone substitute. By increasing 
the local drug concentration to a sufficient level, this technique may 
allow the prevention and treatment of infectious complications in 
poorly perfused tissues, such as bone replacement sites. Furthermore, 
local sustained release may extend intravenous administration 
without prolonged and potentially toxic systemic effects.
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Introduction
Bone substitutes are widely investigated biomaterials due 

to their high demand from clinicians performing reconstructive 
surgery in orthopedics, traumatology and dentistry. Fully 
rebuilding bone is the main goal of bone replacement therapies. 
The ideal bone substitute is osteoconductive, osteoinductive and 
osteogenic, and the search for the ideal material is ongoing [1,2]. 
Because biocompatibility and cost-effectiveness are also highly 
important, human allograft is frequently used, even though its 
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accurate colorimetric determination method based on the amino 
group present in the gentamicin molecule [24,25].This may prove 
to be an inexpensive alternative for quantitative gentamicin 
detection compared to the existing analytical methods, like HPLC, 
ELISA or fluorometry [26].

Materials and Methods
Materials

 The chemicals were purchased from Sigma, with the 
exception of gentamicin sulphate, which was purchased from 
Molekula.

 The bone blocks were provided by the West-Hungarian 
Regional Tissue Bank, the blocks originated from the femoral 
head of human cadavers. Freeze-dried femoral head blocks were 
cut into 50±5 mg cube-shaped pieces under sterile conditions.

MIC measurement

 Minimal inhibitory concentration (MIC) was determined 
on Escherichia coli (ATCC 11303) cells according to Andrews 
[27]. Briefly, serial dilution of antibiotic from 0 to 25 µg/ml was 
prepared in molten (50 °C) agar, which were mixed and poured 
onto Petri dishes. E. coli bacteria from overnight culture were 
inoculated to the plates so that approximately 104 cfu/spot was 
applied. Plates were incubated at 37°C for 18 hours. The MIC was 
defined as the lowest concentration of antibiotic at which there 
was no visible growth of organism.

Antibiotic coating

 For the short-term antibiotic release, gentamicin 
(10 mg/ml) was used in aqueous solution. The bone graft was 
placed in 1 ml of antibiotic solution and was incubated at 25 °C 
for 24 hours. Subsequently, the soaked graft, submerged in the 
antibiotic solution, was frozen at -80 °C followed by lyophilization 
for 24 hours using a Labconco Freezone 2.5 freeze-drying 
machine in order to maximize drug content. The alginate coating 
for long-term release was prepared in two steps. First, the bone 
grafts were coated with gentamicin as described above; then 
the alginate film coating was created over the antibiotic layer as 
follows: Na-Alg solution (1 ml, 4 %) was applied on the surface 
of the antibiotic coated freeze-dried bone. The graft was dried 
afterwards at 37 °C for 4 hours on teflon plates. The film coating 
process was repeated with the dried coated grafts turned upside 
down, thus a double layer Na-Alg film was formed. Na-Alg was 
then converted into water insoluble Ca-Alg using CaCl2.To do so, 
the Na-Alg coated bone grafts were placed in 10 % CaCl2 solution 
for 60 seconds. In the final step, the grafts were washed with 
distilled water and dried at 37 °C.

Cromophore introduction

 Gentamicin does not have characteristic absorbance in 
either the ultraviolet(UV) or the visual (Vis) wavelength spectrum, 
so a Vis absorbing chromophore group specific and selective for 
gentamicin was introduced in order to measure the antibiotic 
concentration using a spectrophotometer. It was also important 
to choose a reagent that does not interfere with the materials 

present in the test preparation, including the human bone 
allograft, Na+ and Ca2+ ions and the alginate. For these reasons we 
used ninhydrin reagent (2,2-Dihydroxyindane-1,3-dione), which 
is a sensitive reagent for the colorimetric determination of amino 
groups (Figure 1).

 This highly sensitive reagent is generally used to detect 
the amine content of fingerprints [28]. Since the ninhydrin 
reagent is so sensitive, special care was taken not to add any 
contaminating material containing additional reacting amino 
groups.

Optimal setup

 The following possible effects were studied to optimize 
the conditions of the reaction:

• Solvent type (amount of EtOH, water and ninhydrin)

• Reaction parameters (time, temperature)

• Gentamicin and ninhydrin concentration

• Linear absorbance-concentration interval

• Interfering materials (Na-alginate, Ca2+, Na-citrate)

 During the optimization, the antibiotic concentrations 
were determined according to Lambert-Beer’s law; briefly, optical 
density was plotted against concentration, and the antibiotic 
concentration was assessed from the corresponding absorbance 
in the resulting linear function. Absorbances were plotted in the 
1 – 1000 µg/ml concentration range.

Release measurement

 After developing the most cost- and time-efficient 
analytical protocol, gentamicin release was measured from the 
samples without the alginate coating. Six samples were put in a 
24-well plate and 2 ml water was added to measure the elution 
at RT. Gentamicin concentration was assessed after 1, 24 and 48 

Figure 1: The ninhydrin reaction
The presence of primer amino groups is essential for the ninhydrin re-
action.
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Interfering materials

 During the optimization procedure Ca2+ and Na-citrate 
were tested to determine whether they change the accuracy of the 
measurement.  We found that if the solution contains 10 w/w% 
of Ca2+, it significantly modifies the accuracy of the detection 
(Figure 3A). In the experiments, however, the Ca2+ concentration 
remained under 1 w/w%, which would have negligible effect on 
the detection. Na-citrate in the concentration of 10 mM was not 
found to have any significant effect on the reaction, while 25 mM 
significantly increased the absorbance (Figure 3B). 

 In our setup, 100 mM Na-citrate solution was used to 
remove the coating, but this was diluted 10 times for the actual 
measurement. Consequently the interference of Na-citrate in the 
applied concentration can also be disregarded. In addition, the 
bone itself might interfere with the measurement because of the 
amino groups in the bone collagen. However, since collagen is 
water insoluble, a simple centrifugation step is enough to prevent 
its interference in the present setup.

Short-term release

The results from the short-term release profile showed that 
nearly all the gentamicin was dissolved in 48 hours in the absence 
of alginate coating. The total amount of the dissolved gentamicin 
was914±142 µg per bone graft (Figure 4).

Long-term release

 The release profiles from alginate-coated specimen 
have showed a much slower rate of release. The total amount of 
gentamicin used for the process was 1156±254 µg.Only 149±4 µg 
(33.65 %) of the starting gentamicin was released during the 50-
day sustained release period, 372±73 µg gentamicin was under 

hours. For the long-term release of the alginate coated samples, 
11 pieces of prepared bone allografts were used, and samples 
were taken after 1, 5, 15, 25, 35, 45, and 50 days. The absorbances 
were assessed in all cases with a Biotek PowerWave XS 
spectrophotometer. To confirm the accuracy of the measurement, 
the remaining coating was removed, and unreleased gentamicin 
was measured after transforming the Ca-Alg coating back to Na-
Alg. This was performed using previously described procedures 
with EDTA or Na-citrate [29,30]. Both methods were tested, but 
EDTA showed interference with the ninhydrin reagent, therefore, 
Na-citrate (100 mM) was chosen for this procedure. In order to 
evaluate possible noise from macroscopic particles, SPE filtering 
(Supelco, Hybrid SPE), centrifugal membrane filtering (Amicon, 
Ultra, 3K) and sedimentation of the supernatant (15000 rcf) were 
also performed and showed no significant change in the purity.

Statistical analysis

The statistical analysis was performed with t-test, simple 
analysis of variance (ANOVA) and two-way ANOVA with 
Bonferroni multiple comparison tests using the GraphPad Prism 
5.0 statistical software. Probability values of p < 0.05, p < 0.01, 
and p < 0.001 were considered significant. All of the values are 
reported as the mean ± SEM. 

Results
Optimal parameters

 To choose the appropriate wavelength for the ninhydrin 
reagent, the absorbance spectrum of the original material and 
the product were assessed (Figure 2A). The optimized reagent 
contained 100 µl gentamicin, 60 µl 2% ninhydrin solution and 60 
µl water. The finalized reaction parameters were 100 °C (boiling 
water) for 15 minutes. By comparison of pre- and post reaction 
absorbances at 560 nm wavelength, linear plots and sufficient 
accuracy were found in the 10 - 100 µg/ml range (Figure 2B). 
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Figure 2: Characterization of the spectrophotometric measure-
ment
Panel A shows the difference between the absorbance spectrum of the 
original ninhydrin reagent and the product. The appearance of the peak 
at 560 nm is characteristic for the product. Panel B shows the linear in-
terval of the gentamicin concentration – absorbance diagram, between 
10 and 100 µg/ml.

Figure 3: The effects of interfering materials
Panel A shows the effect of the increasing Ca2+ concentration on the nin-
hydrin reaction. There is no significant difference when the Ca2+ content 
is between 0 to 1%. Significant interference can be seen at 10 % Ca2+ 
content. Panel B shows the effect of Na-citrate on the gentamicin mea-
surement. Determination is unaffected in the 0 to 10 mM interval, but 
from 25 mM, the interference becomes significant.
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the coating (Figure 5). This means that 521±76 µg was the total 
gentamicin amount under the Ca-Alg coating (Figure 6).

MIC results 

 Minimal inhibitory concentration (MIC) was determined 
on Escherichia coli (ATCC 11303) cells with the result of 3 µg/ml 
for the gentamicin that was used in the experiments.

Discussion
Cromophore evaluation

 In the present work, we developed are liable colorimetric 
method to measure gentamicin concentration with visible light 
spectroscopy. The two characteristic functional groups present in 
gentamicin are the aminoglycoside group and the amino group. 
These groups can be converted to chromophores absorbing 
visible light between 400 and 800 nm to make the gentamicin 
molecule detectable by a spectrophotometric analysis. After 
preliminary studies, the amino group was chosen because 
neither the short-term release, nor the sustained release mixture 
contained water-soluble amino groups. Using the ninhydrin 
reagent as a chromophore, the functional groups in gentamicin 
were converted to products absorbing visible light with a specific 
absorbance spectrum.

Release profiles

 This method allows us to quantify elution of gentamicin 
from coated bone allografts. Two types of gentamicin applications 
were tested: The first method was successful in creating a short-
term release coating by freeze-drying gentamicin on the allograft 
surface. In the second method, we developed a sustained-release 
coating by turning Na-Alg on bone allografts into a water insoluble 
calcium-alginate coating. The colorimetric determination was 
complicated as the number of possibly interfering materials 
increased in the experiment. Therefore, only specific and sensitive 
reagents were used, and all of them were tested for interference.

Functional group evaluation

 It is important to note that the aminoglycoside group 
is another specific functional group present in the molecule 
of gentamicin. This part of the molecule is more specific when 
compared to the amino group, but according to a previous study, 
the reaction  is not sensitive enough, meaning that the detectable 
limit is below 200 µg/ml [25]. Therefore, the ninhydrin reagent 
could be safely chosen for our measurement, which was 
optimized based on Frutos’s data [24]. With ninhydrin, the linear 
absorbance interval fell in the 10 - 100 µg/ml range, so any 
sample containing over 100 µg/ml gentamicin had to be diluted.

Reagent decomposition

 One disadvantage of this method is the rapid 
decomposition of the ninhydrin reagent. In order to test this 
phenomenon, 200 µl fresh 2% ninhydrin reagent was added 
into a 96-well plate, and the decomposition was detected 
by measuring the absorbance every 10 minutes at 500 nm 
wavelength. Significant decomposition was detected after 12 
hours, with only 71.07 % of the starting material remaining at 
room temperature at atmospheric air with light exclusion. This 
indicates that freshly prepared reagent stored at 4°C under inert 
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Figure 4: Short-term antibiotic release
The release profile of simple freeze-dried antibiotic coatings. The total 
amount of gentamicin is released within 48 hours; 6 samples were used.

Figure 5: Long-term antibiotic release
The release profile of the gentamicin alginate coating. The Ca-Alg film 
layer releases 149±4 µg gentamicin during the 50-day interval, 11 sam-
ples were used.

Figure 6: Summary of the sustained release coating
After the 50-day period, only 33.65 % of the starting gentamicin was 
released, 372±73 µg gentamicin remained under the coating. 521±76 µg 
was the total amount of gentamicin in the antibiotic coating, 1156±254 
µg was the total amount used for the process, and 11 samples were used
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gas with light exclusion should be used for optimal results.

Theoretic therapeutical application

 Taking into consideration that the minimal inhibitory 
concentration of gentamicin against P. aeruginosa is 2 µg/ml 
and 0.5 µg/ml for MRSA, we calculated that approximately3 µg 
gentamicin should be released daily from a 50 mg allograft over 
the 50-day interval [31,32]. The systemic effects of this amount 
should be negligible, since a higher dosage of intramuscular 
injections (1.5 mg/kg, twice a day for 3 weeks) were tested and 
showed no negative side effects in a rat model [33]. The main 
example for the human therapeutical use of local antibiotics is 
PMMA beads, which is considered to be a valuable product  and 
compared to PMMA is was also discovered that the antibiotic 
uptake of human bone exceeds the vancomycin uptake of PMMA 
10 times [34,35].  According to this, sustained release is a safe 
method that provides an efficient local antibiotic concentration. 

Limitations of the study

The limitations of this current study come from its in-vitro 
nature, since it does not take into account possible enzymatic 
reactions or other in-vivo processes affecting the degradation 
process of the sodium-alginate coating. Thus there is still the need 
of finding a model, which would bring the in-vivo release closer, 
however our group has only validated the ninhydrin method to 
our simplified model and we assume that the rate of the release 
will certainly increase among more realistic circumstances. 
Introducing the gentamicin-coated bone allograft in cell cultures 
and in-vivo models would be the next step to strongly support the 
present findings. 

Conclusion
 We have successfully prepared an antibiotic bone 

coating, which may prevent bacterial infections after bone 
replacement therapies. In addition, we have developed both 
a short-term and long-term antibiotic release formulation. 
The short-term formulation maybe effective in preventing 
primary infections, while the long-term antibiotic release may 
be an effective treatment in revision bone surgery. Intravenous 
application may at least partially be replaced by this coating, 
which has the benefit of reducing treatment time and sparing 
potentially toxic prolonged systemic administration. We also 
developed a cheap, fast, selective and accurate method to cost-
effectively determine gentamicin concentration in-vitro.

Acknowledgement
 The authors thank Anna Tomin, Charlotte Schwarz and 

György L. Nádasy MD PhD for the preparation of the manuscript. 
The authors state that there is no conflict of interest regarding 
this study. The authors thank OrthoSera for providing research 
support. 

References
1. Albrektsson T, Johansson C. Osteoinduction, osteoconduction and 

osseointegration. Eur Spine J. 2001;S96-101.

2. Bharatham BH, Abu Bakar MZ, Perimal EK,  Loqman Mohamed Yusof, 
and Muhajir Hamid. Development and Characterization of Novel Porous 

Development and Analysis of Functionalized Poly(Lactide-Co-Glycolide)Polymer 
for Drug Delivery               Copyright:

        © 2017 Yan Chen, et al.

Citation: Yan Chen, Naz Hasan Huda, Heather Benson AE (2017) Development and Analysis of Functionalized Poly(Lactide-Co-
Glycolide)Polymer for Drug Delivery. SOJ Pharm Pharm Sci. 4(1), 1-8.

3D Alginate-Cockle Shell Powder Nanobiocomposite Bone Scaffold. 
BioMed Research International 2014:2014(2014):11. 

3. Moore WR, Graves SE, Bain GI. Synthetic bone graft substitutes. ANZ J 
Surg. 2001;71(6):354-361.

4. Ghanaati S, Barbeck M, Lorenz J, Stefan Stuebinger, Oliver Seitz, 
Constantin Landes, et al. Synthetic bone substitute material comparable 
with xenogeneic material for bone tissue regeneration in oral cancer 
patients: First and preliminary histological, histomorphometrical 
and clinical results. Ann Maxillofac Surg. 2013;3(2):126-138. doi:  
10.4103/2231-0746.119221

5. Lu Y, Lee JS, Nemke B, Graf BK, Royalty K, Illgen R, et al. Coating with 
a modular bone morphogenetic peptide promotes healing of a bone-
implant gap in an ovine model. PLoS One. 2012;7(11):e50378. doi: 
10.1371/journal.pone.0050378 

6. Horvathy DB, Vacz G, Szabo T, Szigyártó IC, Toró I, Vámos B, et al. 
Serum albumin coating of demineralized bone matrix results in 
stronger new bone formation. J Biomed Mater Res B Appl Biomater. 
2016;104(1):126-132. doi: 10.1002/jbm.b.33359

7. Ketabchi A, Komm K, Miles-Rossouw M, Cassani DA, Variola F. 
Nanoporous titanium surfaces for sustained elution of proteins and 
antibiotics. PLoS One. 2014;9(3):e92080. doi: 10.1371/journal.
pone.0092080

8. Ye ZK, Li C, Zhai SD. Guidelines for therapeutic drug monitoring of 
vancomycin: a systematic review. PLoS One. 2014;9(6):e99044. doi:  
10.1371/journal.pone.0099044

9. Ibraheem ZO, Basir R, Aljobory AK, Omar E. Ibrahim, Ajwad Alsumaidaee 
and Mun Fee Yam. Impact of Gentamicin Coadministration along with 
High Fructose Feeding on Progression of Renal Failure and Metabolic 
Syndrome in Sprague-Dawley Rats. BioMed Research International. 
2014;2014 (2014):10.

10. Hornyak I, Madacsi E, Kalugyer P, Gabriella Vácz, Dénes BH, Miklós 
Szendrői, et al. Increased release time of antibiotics from bone 
allografts through a novel biodegradable coating. Biomed Res Int. 
2014;2014(2014):8.

11. Overstreet D, McLaren A, Calara F, Vernon B, McLemore R. 
Local gentamicin delivery from resorbable viscous hydrogels is 
therapeutically effective. Clin Orthop Relat Res. 2015;473(1):337-347. 
doi: 10.1007/s11999-014-3935-9

12. Jennings JA. CORR Insights(R): Local gentamicin delivery from 
resorbable viscous hydrogels is therapeutically effective. Clin Orthop 
Relat Res. 2015;473(1):348-350. doi:  10.1007/s11999-014-3992-0

13. Gergely I, Zazgyva A, Man A, Zuh SG, Pop TS. The in vitro antibacterial 
effect of S53P4 bioactive glass and gentamicin impregnated 
polymethylmethacrylate beads. Acta Microbiol Immunol Hung. 
2014;61(2):145-160. doi: 10.1556/AMicr.61.2014.2.5

14. Wang J, Zhu C, Cheng T, Xiaochun Peng, Wen Zhang, Hui Qin, et al. A 
systematic review and meta-analysis of antibiotic-impregnated bone 
cement use in primary total hip or knee arthroplasty. PLoS One. 
2014;9(6):e100482.

15. Iwakura T, Lee SY, Niikura T, Miwa M, Sakai Y, Nishida K, et al. Gentamycin-
impregnated calcium phosphate cement for calcaneal osteomyelitis: a 
case report. J Orthop Surg (Hong Kong). 2014;22(3):437-439.

16. Dorati R, DeTrizio A, Genta I, Pietro Grisolia, Alessia Merellia, Corrado 
Tomasib, et al. A design of experiment approach to the preparation of 
pegylated polylactide-co-glicolide gentamicin loaded microparticles 
for local antibiotic delivery. Materials Science and Engineering: C. 
2016;58:909-917.

Sustained Release of a Biodegradable Alginate Coating Covering Chemically Unbound 
Gentamicin on Human Bone Allograft; And a Method for Colorimetric Drug Release 
Measurement

Citation: István Hornyák, Máté Lukács, Vivien Herke, et.al (2017) Sustained Release of a Biodegradable Alginate Coating Covering 
Chemically Unbound Gentamicin on Human Bone Allograft; And a Method for Colorimetric Drug Release Measurement. SOJ Pharm 
Pharm Sci. 4(1), 1-6. DOI: http://dx.doi.org/10.15226/2374-6866/4/1/00156 

                         Copyright:
              © 2017 Hornyák I, et al.

https://www.ncbi.nlm.nih.gov/pubmed/11716023
https://www.ncbi.nlm.nih.gov/pubmed/11716023
https://www.hindawi.com/journals/bmri/2014/146723/
https://www.hindawi.com/journals/bmri/2014/146723/
https://www.hindawi.com/journals/bmri/2014/146723/
https://www.hindawi.com/journals/bmri/2014/146723/
https://www.ncbi.nlm.nih.gov/pubmed/11409021
https://www.ncbi.nlm.nih.gov/pubmed/11409021
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3814660/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3814660/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3814660/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3814660/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3814660/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3814660/
https://www.ncbi.nlm.nih.gov/pubmed/23185610
https://www.ncbi.nlm.nih.gov/pubmed/23185610
https://www.ncbi.nlm.nih.gov/pubmed/23185610
https://www.ncbi.nlm.nih.gov/pubmed/23185610
https://www.ncbi.nlm.nih.gov/pubmed/25677203
https://www.ncbi.nlm.nih.gov/pubmed/25677203
https://www.ncbi.nlm.nih.gov/pubmed/25677203
https://www.ncbi.nlm.nih.gov/pubmed/25677203
https://www.ncbi.nlm.nih.gov/pubmed/24633020
https://www.ncbi.nlm.nih.gov/pubmed/24633020
https://www.ncbi.nlm.nih.gov/pubmed/24633020
https://www.ncbi.nlm.nih.gov/pubmed/24633020
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4059638/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4059638/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4059638/
https://www.hindawi.com/journals/bmri/2014/823879/
https://www.hindawi.com/journals/bmri/2014/823879/
https://www.hindawi.com/journals/bmri/2014/823879/
https://www.hindawi.com/journals/bmri/2014/823879/
https://www.hindawi.com/journals/bmri/2014/823879/
https://www.hindawi.com/journals/bmri/2014/459867/
https://www.hindawi.com/journals/bmri/2014/459867/
https://www.hindawi.com/journals/bmri/2014/459867/
https://www.hindawi.com/journals/bmri/2014/459867/
https://www.ncbi.nlm.nih.gov/pubmed/25227556
https://www.ncbi.nlm.nih.gov/pubmed/25227556
https://www.ncbi.nlm.nih.gov/pubmed/25227556
https://www.ncbi.nlm.nih.gov/pubmed/25227556
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4390965/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4390965/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4390965/
https://www.ncbi.nlm.nih.gov/pubmed/24939683
https://www.ncbi.nlm.nih.gov/pubmed/24939683
https://www.ncbi.nlm.nih.gov/pubmed/24939683
https://www.ncbi.nlm.nih.gov/pubmed/24939683
http://journals.plos.org/plosone/article%3Fid%3D10.1371/journal.pone.0082745
http://journals.plos.org/plosone/article%3Fid%3D10.1371/journal.pone.0082745
http://journals.plos.org/plosone/article%3Fid%3D10.1371/journal.pone.0082745
http://journals.plos.org/plosone/article%3Fid%3D10.1371/journal.pone.0082745
https://www.ncbi.nlm.nih.gov/pubmed/25550035
https://www.ncbi.nlm.nih.gov/pubmed/25550035
https://www.ncbi.nlm.nih.gov/pubmed/25550035
http://www.sciencedirect.com/science/article/pii/S0928493115303799
http://www.sciencedirect.com/science/article/pii/S0928493115303799
http://www.sciencedirect.com/science/article/pii/S0928493115303799
http://www.sciencedirect.com/science/article/pii/S0928493115303799
http://www.sciencedirect.com/science/article/pii/S0928493115303799


Page 6 of6Citation: Ichihara H, Okumura M, Matsumoto Y (2017) Inhibitory Effects of Hybrid Liposomes on the Overgrowth Of Human 
Synovial Sarcoma Cells By Induction Of Apoptosis. SOJ Pharm Pharm Sci, 4(1), 1-6. 
DOI: http://dx.doi.org/10.15226/2374-6866/4/1/00154

Inhibitory Effects of Hybrid Liposomes on the Overgrowth Of Human Synovial 
Sarcoma Cells By Induction Of Apoptosis Copyright: 

© 2017 Matsumoto, et al.

Development and Analysis of Functionalized Poly(Lactide-Co-Glycolide)Polymer 
for Drug Delivery               Copyright:

        © 2017 Yan Chen, et al.

Citation: Yan Chen, Naz Hasan Huda, Heather Benson AE (2017) Development and Analysis of Functionalized Poly(Lactide-Co-
Glycolide)Polymer for Drug Delivery. SOJ Pharm Pharm Sci. 4(1), 1-8.

17. Lemaitre N, Ricard I, Pradel E, Benoît Foligné, René Courcol, Michel 
Simonet, et al. Efficacy of ciprofloxacin-gentamicin combination 
therapy in murine bubonic plague. PLoS One. 2012;7(12):e52503.

18. Cancienne JM, Tyrrell Burrus M, Weiss DB, Yarboro SR. Applications of 
Local Antibiotics in Orthopedic Trauma. Orthopedic Clinics of North 
America. Orthop Clin North Am. 2015;46(4):495-510. doi: 10.1016/j.
ocl.2015.06.010

19. Geurts JA, Janssen DM, Kessels AG, Walenkamp GH. Good results 
in postoperative and hematogenous deep infections of 89 stable 
total hip and knee replacements with retention of prosthesis 
and local antibiotics. Acta Orthop. 2013;84(6):509-516. doi: 
10.3109/17453674.2013.858288

20. Chan WP, Kung F-C, Kuo Y-L, Ming-Chen Yang, and Wen-Fu Thomas Lai. 
Alginate/Poly(γ-glutamic Acid) Base Biocompatible Gel for Bone Tissue 
Engineering. BioMed Research International. 2015;2015(2015):7.

21. Ueng SW, Yuan LJ, Lee N, Lin SS, Chan EC, Weng JH. In vivo study of 
biodegradable alginate antibiotic beads in rabbits. J Orthop Res. 
2004;22(3):592-599.

22. Johnson AS, O’Sullivan E, D’Aoust LN, Omer A, Bonner-Weir S, Fisher 
RJ, et al. Quantitative assessment of islets of Langerhans encapsulated 
in alginate. Tissue Eng Part C Methods. 2011;17(4):435-449. doi: 
10.1089/ten.TEC.2009.0510

23. Lin LJ, Chiang CJ, Chao YP, Wang SD, Chiou YT, Wang HY, et al. 
Development of Alginate Microspheres Containing Chuanxiong for Oral 
Administration to Adult Zebrafish. BioMed Research International. 
2016;2016:4013071. doi: 10.1155/2016/4013071

24. Frutos P, Torrado S, Perez-Lorenzo ME, Frutos G. A validated 
quantitative colorimetric assay for gentamicin. J Pharm Biomed Anal. 
2000;21(6):1149-1159.

25. Ryan JA. Colorimetric determination of gentamicin, 
kanamycin, tobramycin, and amikacin aminoglycosides with 
2,4-dinitrofluorobenzene. J Pharm Sci. 1984;73(9):1301-1302.

26. Gubernator J, Drulis-Kawa Z, Kozubek A. A simply and sensitive 
fluorometric method for determination of gentamicin in liposomal 
suspensions. Int J Pharm. 2006;327(1-2):104-109.

27. Andrews JM. Determination of minimum inhibitory concentrations. J 
Antimicrob Chemother. 2001;48:5-16. 

28. Lennard CJ, Margot PA, Stoilovic M, RN Warrener. Synthesis and 
evaluation of ninhydrin analogues as reagents for the development of 
latent fingerprints on paper surfaces. Journal of the Forensic Science 
Society. 1988;28(1):3-23.

29. LeRoux MA, Guilak F, Setton LA. Compressive and shear properties 
of alginate gel: effects of sodium ions and alginate concentration. J 
Biomed Mater Res. 1999;47(1):46-53.

30. Formo K, Aarstad OA, Skjåk-Bræk G, et al. Lyase-catalyzed degradation 
of alginate in the gelled state: Effect of gelling ions and lyase 
specificity. Carbohydr Polym. 2014;110:100-106. doi: 10.1016/j.
carbpol.2014.03.076

31. Shibl AM, Tawfik AF, Ramadan MA. Comparative efficacy of successive 
exposure of Pseudomonas aeruginosa to gentamicin and ceftazidime. 
Int J Antimicrob Agents. 1997;8(4):257-261.

32. McConeghy KW, LaPlante KL. In vitro activity of tigecycline in 
combination with gentamicin against biofilm-forming Staphylococcus 
aureus. Diagn Microbiol Infect Dis. 2010;68(1):1-6. doi: 10.1016/j.
diagmicrobio.2010.04.011 

33. Haleem AA, Rouse MS, Lewallen DG, Hanssen AD, Steckelberg JM, Patel 

R. Gentamicin and vancomycin do not impair experimental fracture 
healing. Clin Orthop Relat Res. 2004;(427):22-24. 

34. Seligson D, Berling S. Antibiotic-laden PMMA bead chains for the 
prevention of infection in compound fractures: current state of the 
art. Eur J Orthop Surg Traumatol. 2015;25(6):969-974. doi: 10.1007/
s00590-015-1652-z

35. Winkler H, Haiden P. Treatment of Chronic Bone Infection. Operative 
Techniques in Orthopaedics. 2016;26(1):2-11.

 

 

Sustained Release of a Biodegradable Alginate Coating Covering Chemically Unbound 
Gentamicin on Human Bone Allograft; And a Method for Colorimetric Drug Release 
Measurement

Citation: István Hornyák, Máté Lukács, Vivien Herke, et.al (2017) Sustained Release of a Biodegradable Alginate Coating Covering 
Chemically Unbound Gentamicin on Human Bone Allograft; And a Method for Colorimetric Drug Release Measurement. SOJ Pharm 
Pharm Sci. 4(1), 1-6. DOI: http://dx.doi.org/10.15226/2374-6866/4/1/00156 

                         Copyright:
              © 2017 Hornyák I, et al.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3527559/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3527559/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3527559/
18.%09Cancienne%20JM%2C%20Tyrrell%20Burrus%20M%2C%20Weiss%20DB%2C%20Yarboro%20SR.%20Applications%20of%20Local%20Antibiotics%20in%20Orthopedic%20Trauma.%20Orthopedic%20Clinics%20of%20North%20America.%20Orthop%20Clin%20North%20Am.%202015%3B46%284%29:495-510.%20doi:%2010.1016/j.ocl.2015.06.010
18.%09Cancienne%20JM%2C%20Tyrrell%20Burrus%20M%2C%20Weiss%20DB%2C%20Yarboro%20SR.%20Applications%20of%20Local%20Antibiotics%20in%20Orthopedic%20Trauma.%20Orthopedic%20Clinics%20of%20North%20America.%20Orthop%20Clin%20North%20Am.%202015%3B46%284%29:495-510.%20doi:%2010.1016/j.ocl.2015.06.010
18.%09Cancienne%20JM%2C%20Tyrrell%20Burrus%20M%2C%20Weiss%20DB%2C%20Yarboro%20SR.%20Applications%20of%20Local%20Antibiotics%20in%20Orthopedic%20Trauma.%20Orthopedic%20Clinics%20of%20North%20America.%20Orthop%20Clin%20North%20Am.%202015%3B46%284%29:495-510.%20doi:%2010.1016/j.ocl.2015.06.010
18.%09Cancienne%20JM%2C%20Tyrrell%20Burrus%20M%2C%20Weiss%20DB%2C%20Yarboro%20SR.%20Applications%20of%20Local%20Antibiotics%20in%20Orthopedic%20Trauma.%20Orthopedic%20Clinics%20of%20North%20America.%20Orthop%20Clin%20North%20Am.%202015%3B46%284%29:495-510.%20doi:%2010.1016/j.ocl.2015.06.010
https://www.ncbi.nlm.nih.gov/pubmed/24171687
https://www.ncbi.nlm.nih.gov/pubmed/24171687
https://www.ncbi.nlm.nih.gov/pubmed/24171687
https://www.ncbi.nlm.nih.gov/pubmed/24171687
https://www.ncbi.nlm.nih.gov/pubmed/24171687
https://www.hindawi.com/journals/bmri/2015/185841/
https://www.hindawi.com/journals/bmri/2015/185841/
https://www.hindawi.com/journals/bmri/2015/185841/
https://www.ncbi.nlm.nih.gov/pubmed/15099640
https://www.ncbi.nlm.nih.gov/pubmed/15099640
https://www.ncbi.nlm.nih.gov/pubmed/15099640
https://www.ncbi.nlm.nih.gov/pubmed/21067465
https://www.ncbi.nlm.nih.gov/pubmed/21067465
https://www.ncbi.nlm.nih.gov/pubmed/21067465
https://www.ncbi.nlm.nih.gov/pubmed/21067465
https://www.ncbi.nlm.nih.gov/pubmed/27403425
https://www.ncbi.nlm.nih.gov/pubmed/27403425
https://www.ncbi.nlm.nih.gov/pubmed/27403425
https://www.ncbi.nlm.nih.gov/pubmed/27403425
https://www.ncbi.nlm.nih.gov/pubmed/10708399
https://www.ncbi.nlm.nih.gov/pubmed/10708399
https://www.ncbi.nlm.nih.gov/pubmed/10708399
https://www.ncbi.nlm.nih.gov/pubmed/6491956
https://www.ncbi.nlm.nih.gov/pubmed/6491956
https://www.ncbi.nlm.nih.gov/pubmed/6491956
https://www.ncbi.nlm.nih.gov/pubmed/16935441
https://www.ncbi.nlm.nih.gov/pubmed/16935441
https://www.ncbi.nlm.nih.gov/pubmed/16935441
https://www.ncbi.nlm.nih.gov/pubmed/11420333
https://www.ncbi.nlm.nih.gov/pubmed/11420333
http://www.sciencedirect.com/science/article/pii/S0015736888727991
http://www.sciencedirect.com/science/article/pii/S0015736888727991
http://www.sciencedirect.com/science/article/pii/S0015736888727991
http://www.sciencedirect.com/science/article/pii/S0015736888727991
https://www.ncbi.nlm.nih.gov/pubmed/10400879
https://www.ncbi.nlm.nih.gov/pubmed/10400879
https://www.ncbi.nlm.nih.gov/pubmed/10400879
https://www.ncbi.nlm.nih.gov/pubmed/24906734
https://www.ncbi.nlm.nih.gov/pubmed/24906734
https://www.ncbi.nlm.nih.gov/pubmed/24906734
https://www.ncbi.nlm.nih.gov/pubmed/24906734
https://www.ncbi.nlm.nih.gov/pubmed/18611812
https://www.ncbi.nlm.nih.gov/pubmed/18611812
https://www.ncbi.nlm.nih.gov/pubmed/18611812
https://www.ncbi.nlm.nih.gov/pubmed/20727462
https://www.ncbi.nlm.nih.gov/pubmed/20727462
https://www.ncbi.nlm.nih.gov/pubmed/20727462
https://www.ncbi.nlm.nih.gov/pubmed/20727462
https://www.ncbi.nlm.nih.gov/pubmed/15552131
https://www.ncbi.nlm.nih.gov/pubmed/15552131
https://www.ncbi.nlm.nih.gov/pubmed/15552131
https://www.ncbi.nlm.nih.gov/pubmed/26055399
https://www.ncbi.nlm.nih.gov/pubmed/26055399
https://www.ncbi.nlm.nih.gov/pubmed/26055399
https://www.ncbi.nlm.nih.gov/pubmed/26055399
https://www.ncbi.nlm.nih.gov/pubmed/26055399
https://www.ncbi.nlm.nih.gov/pubmed/26055399

