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Gallium Containing Glass Polyalkenoate Bone Cements:
Ion Release and E. coli Inhibition

L. Placek, A.W. Wren, A. Coughlan, M.R. Towler
Inamori School of Engineering, Alfred University
Alfred, NY, USA
e-mail: Imp2@alfred.edu

Abstract- The Glass Polyalkenoate Cement (GPC) series (LCon.,
LGa-1 and LGa-2) containing gallium (Ga) and a 50 wt%
addition of E11 polyacrylic acid (PAA), previously developed,
was evaluated for ion release, specifically Si, Ca, Zn and Ga, and
E. coli inhibition. The maximum inhibition was observed in the t
=0 samples and was 0.35 mm for LCon. and 0.65 mm for LGa-1
and LGa-2.

Keywords-glass polyalkenoate cement, gallium, ion release, E.
coli inhibition

L INTRODUCTION

Glass polyalkenoate cements were originally developed to
replace conventional dental filling materials, specifically,
amalgam, silicate cements, and zinc oxide cements [1]. They
are now used in a wide range of dental applications [1, 2] and
have significant potential for use in orthopedic applications [3]
due to the ability to tailor their properties based on the specific
application [1, 4].

Previous research shows that the Ga GPC series: LCon.,
LGa-1 and LGa-2 have suitable handling and mechanical
properties for use as orthopedic bone cements [5]. This work
focuses on evaluating the therapeutic potential of two specific
elements, zinc (Zn) and Ga, within this system that have
shown therapeutic activity in other biological applications.

Zinc is a proven antibacterial agent and is currently used in
a wide variety of applications that employ this characteristic
[6]. Gallium is known to have a therapeutic effect in treating
bone cancer [7] and is currently used as an agent in cancer
treatment [8]. The gallium ion also has anti-inflammatory and
immunosuppressive activity in animal models of human
disease [8]. Potential ion release from these cements may
have anti-bacterial or chemotherapeutic effects on the
surrounding biological environment.

II.

A. Glass and GPC Preparation

Three Ga containing glass compositions (LCon., LGa-1,
LGa-2) were formulated for this study and are listed in Table
1. Glasses were prepared by weighing out appropriate
amounts of analytical grade reagents and ball milling (1 h).
The mix was then oven dried (100°C, 1 h) and fired (1500°C, 1
h) in a platinum crucible and shock quenched into water. The
resulting frit was dried, ground and sieved to retrieve a glass
powder with a maximum particle size of 45pm.

Cements were prepared by thoroughly mixing the glass
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210,000, <90 um) and de-ionized (DI) water on a glass plate.
The cements were formulated in a P:L ratio of 2:1.5 with a 50
wt% addition of PAA.

TABLE L GLASS COMPOSITIONS (MOL FRACT.)
LCon. LGa-1 LGa-2
SiO, 0.48 0.48 0.48
Ga,0; 0.00 0.08 0.16
ZnO 0.40 0.32 0.24
CaO 0.12 0.12 0.12

B. Ion Release

Cement disks (~9 mm @ x 2 mm) were prepared in triplicate
and immersed in sterile, DI water for a period of 1, 7 and 30
days. The amount of water used was normalized to the surface
area (SA) of each disk according to equation 1. After
extraction of the disk, the solution was filtered and the ion
release profile was measured using Inductively Coupled
Plasma-Atomic Emission Spectroscopy (ICP-AES) on a
Perkin-Elmer 5300UV (Perkin Elmer, Ma, USA) with Si, Ca,
Zn and Ga calibration standards prepared from stock solutions
and a control of de-ionized H,O.

S

A
mLH,0 =2 (1)

C. E. coli Inhibition Studies

Cement disks were made and stored in a manner identical to
that described above for ion release (n = 3). The cement disks
were tested immediately after preparing (t = 0) and after 1, 7
and 14 days of immersion in DI water. Bacterial stock
solution was made by swabbing frozen E. coli from a glycerol
stock onto a lysogeny broth (LB) agar plate and incubating for
24 hrs at 37°C, then removing one colony into 5 mL of LB
broth and incubating again. To prepare the sample plates:
disks were placed, spaced out, in triplicate with 20 mL of
liquid LB agar per petri dish. Once the dishes solidified,
sterile swabs were used to spread the diluted bacterial stock
(50 pL LB broth/E. coli cells, 950 pL. DI water) over the
surface. The plates were then incubated in a 37°C oven for 36
hrs; subsequently the disk diameter (D) and inhibition halo (Z)
were measured and equation 2 was then used to compute the
inhibition zone (IZ) of each disk.

powders (<45um) with E11 polyacrylic acid (PAA — Mw: 1z = 22 )
2
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II.  RESULTS the exception of the 7 and 14 day values for LGa-2 which
follow the trend but are not significantly different. This trend

Ion release of silica (Si) and calcium (Ca) is shown in figure ! ! cantly /
is expected with the general reduction in ion release over time.

1 and of Zn and Ga in figure 2. The columns are cumulative
over each progressive time period. For Si, Ca, and Zn there is
a significantly large release of ions in the first day relative to £ cofiInhibition Zones
the following two periods of 6 and 23 days. It also can be

seen that there is no significant difference between the At =0
measured values for Ca and Zn release over each time period iy ; Bay

. . FHHE 7 Days
with the exception of the 1 and 30 day values for LCon. (Ca S 14 Days

only) and LGa-2. Release of Ga does not occur in the control
cement, or significantly in LGa-1 and LGa-2 until 30 days. At

30 days the maximum cumulative release of Ga is 2.4 pg/mL. E
N
Siand Ca lon Release 724 1 Day
: B3R 7 Day
Si (ug/mL) Ca (ug/mL) N 30 Day
280 - 124 :
260
114
240
220 104
s LGa-2
1804 1 Figure 3. Inhibition of E. coli growth by each cement over 0, 1, 7 and 14
160 8 days.
140
b 7 IV. CONCLUSION
1004 The cement series exhibits significant ion release and, in the
80 2 case of zinc, related E. coli inhibition behavior, enhancing
60 2 B 5 ‘ their candidacy for use as therapeutic bone cements. Future
40 ) .\ “\ ‘ /":5& work to develop these cements will include simulated body
i e L e S v 2 fluid (SBF) and cell culture studies to determine the structural
. o . ' and cellular effects resulting from interaction between the
Figure 1. Cumulative ion release profiles of Si and Ca for each cement over 1, . . .
7 and 30 days. cement and biological environment.
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