Effect of collagen sources on the in-vitro performance of collagen implant
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The Bupivacaine HCl collagen implant is a matrix-type drug delivery system used - N N ¢ S |
for managing post-surgical pain. This implant's matrix comprises purified Type | “
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conditions for Type | collagen may vary, leading to differences in its physical and A 118 collagen and implants - dispersions and drig AR i S 000 | i e S B R R
chemical properties. These variations can potentially impact the quality, drug || ™'e?!- Nitrogento from sources A, B & C
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release characteristics, and in vitro performance of the collagen implant. Hence, | (n/hyp) ratio of . 18

the objective of this study is to investigate how different sources of collagen || collagenA BandC
affect the quality parameters (morphology, porosity, drug localization) and the
performance (in vitro drug release) of the Bupivacaine collagen implant.
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120 Figure 8. MDRS images of collagen dispersions A, B & C without drug and RLD dispersion: (a) loose clustered micro fibrillar structure of collagen dispersion A, (b, c) large

100 interconnected tangled fibrillar structure of collagen dispersions B and C, (d) RLD. The fibrillar structure was not affected by changing mixing speed and mixing time
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characteristics were tested by Differential Slcel g calorlmetry (DSC) and X—ray Figure 9. Photographs of RLD and lyophilized implants. 1: Implant from Source A showing rough surface and adhered to the container; 2 ., N 2500 R e ';‘Pl o
diffraction (XRD) and 3: Implant from Source B and C showing smooth surfaces and were not sticking to the containers; 4: RLD implant E % 2573 26[90 j 0 _
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Bupivacaine HCl solution and collagen solution were prepared separately in ” = °_ * . 2 Theta (Degree) ?
acidified water (pH 45) at 38°C + 2°C. The two solutions were mixed using a %E 10 ;Ig;;enioé TGA thermogram of API, RLD and implants Figure 11. X-ray diffraction patterns of API, RLD and implants A, B Figure 12. DSC thermogram of API, RLD and implants
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nigh shear homogenizer to prepare the final collagen dispersion. The o e : :
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— Characterization results of Lyophilized Implants
50 - Figure 9 show photographs of three implants—A, B, and C—manufactured from collagen A, B, and C. All implants exhibited
' complete formation and firmness. Notably, Implants B and C displayed smooth surfaces and were not sticking to the

homogenizer speed was set at 2000 rpm and mixed for 15 mins. The
homogenizer speed and mixing time were predetermined for adequacy. The

collager.m SlepErSier was.mlxec.zl agal.n fery 29 Giliie an.d fllt?rEd AU & 230 (i AR S O N _ | j;_%m ' containers. On the other hand, Implant A exhibited a rough surface and adhered to the container. SEM images in Figure 13
nylon filter. The res.ultmg dispersion Was the.n filled n polyethyl.er\e glycol — —_— £ show the topography and cross-sectional area of these implants revealing a randomly interconnected fibrous structure with
terephthalate containers and lyophilized using optimized condition. The ; pores. However, the density of this interconnected fibrous structure was different for all the implants and not comparable to
manufacturing process, and characterization of raw collagen, collagen i RLD. On the other hand, RLD displayed a prominent honeycomb-like structure different than that of Implants A, B, and C.
dispersion and of final implants are shown in the schematic below. " sigma Adv. Bio Thermo
Manufacturing Process NRNRLVRXVXSKLVXLDV/SDDSN R~ e RV M ;gure P T rel::()f molants A B, C The moisture content were determined by TGA. The moisture content among the implants were 6.25% for A, 11.84% for B,
T - - i E g SN and RLD at various time points, b) the drug  and 6.97% for C, 11.25%) for RLD and 8.72% for drug (Figure 10). It is noteworthy that the moisture content of Implant B and
\H . E @ﬁtff}f@ @*af:’cm @N_E_C T #n:‘ e e | relco"ery from res‘f“a' i;“ p)'i;ts at thete”d 0‘; jr“g RLD were similar. The Implant A and C contained significantly lower moisture levels.
. {' 7 H © H  “c - ' release experiments, and c) the percentage of dru
(JJ\""I%HJ] + \4 .,jgl proline h}rdmxypmli@ glycine Figure 13. Surface morphology (upper tier) and cross sectional (lower tier) scanning electron microscopy (SEM) images of RLD and recovered?‘rom the filtrate i ; °
APl eollagen souroed from AB Figure 2: Triple helix structure (top) and il e = — . . The XRD diffraction patterns shown in Figure 11 revealed that the characteristic crystalline peaks of API were at 7.788°,
and ¢ critical amino acids (bottom) of collagen Characterization results of Raw Collagen Characterization results of Collagen Dispersion 8.288°, 10.628°, and 14.268°, while these peaks were absent in RLD indicating amorphous nature of drug in RLD. The Implant
l fgzﬁgac;t:rizationsofaaw A P 5‘_ The results in Table 1 show that hydroxy The .MDRS images in | Figure. 8 reyealed that the ho.mo.geniz.atio.n A also exhibited similfar crystalline peaks of drug. On. the other.hand, t.he Implants B and C displayed peak patter.ns s.imilar to
Step-1: Mixing/Dispersion Coflagen e RO, oroline ratio of raw collagen A, B and condltlons.(spee.d and .tlme) did not impact the. collagen fibrillar size in fcha.t of RLD along with few smaller peaks suggesting a semlcrystalllr.\e nature of the drug. The D.SC resul.ts in Flgu.re 12
? msitenel g by F . collagen dispersions without drug prepared using collagen A, B and C. indicate that Implant B and RLD contain drug in amorphous form, while the Implants A and C contain drug in crystalline or
\ 4 C were 1.18, 1.19 and 1.18, respectively . . L : L : :
p 4 oot diff However, the dispersions exhibited different fibrillar morphology. Image  semicrystalline form.
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Characterizations of Dispersion a O >lshilita erence cre (a) show loose clustered micro fibrillar structure of collagen dispersion A,
*  Mixing speed and mixing time . . . : . : . HP
D hemme The FTIR spectra in Figure 6 revealed that  collagen B and C. Image of RLD dispersion show fibrillar structure with characteristic wa-venumbers at 1500-1650 cm-l (polypeptldg backbone C-N stretching), 1790-1890 cm-1 (pc?lypeptlde
. B'rf;ff:famanSpemsww (MDRS). Figure 5: HPLC to quantify drug collagens from all sources exhibited similar comparable that of collagen dispersion B. backbone C-O -sjcretchlng), 2900-?000 cm-1 (N-H in amide stretching) and 3200-3500 cm-1 (N-H in amide stretching) cm-1.
\_ B e LR T s i veak patterns regardless of sources of Hence, no significant structural differences were observed.
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éhz:ictef:Lza:L??DigfImplant e | || | collagen. Thﬁ.k:.esulics N .Flgur.e 7 ST\?;Y .tha’:\lall col!agefrlm dlsp(e)rsmr:\s A’hB ahnd dC The preliminary drug release results in Figure 14a show that 79%, 61% and 77% of the drug were released from implants A,
+  Moisture Content (TGA) i SHINE & O.W V'SFOS'W (e.x .' I N EROE T .OW)' 4 t. € ot.er and, B, and C, respectively, compared to the reference listed drug (RLD) at 96%. At the end of 6-hour study period, 26-27% drug
ructural properties by Scannin - : - - made sinker - . . . . . . .
= b L Figure 4: Drug release study using USP type I th? R.LD dispersion exhibited a non-Newtonian behavior with shear oained unreleased in implants B and C compared to 2% in implant A and 0.01% in RLD (Figure 13b). About 1-2% of the
e e SN apparatus. thinning effect. drug per implant was recovered from the filter before lyophilization.
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The structural properties of collagen from various sources appeared to be similar but the morphology and microstructure of the This project is funded by OGD/ORS. This project is supported in FOA
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oo -~ .. || resulting implants were different which may explain the differences in drug release and in drug loss during filtration. Further Srinivasan) to the Research Participation Program at the U.S. FDA N
studies to comprehensively examine the mechanism of drug binding with different collagens, localization of drug in the implants by the Oak Ridge Institute for Science and Education through an ADMINISTRATION
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and the overall influence of different sources of these collagens on the quality and performance of implants are in progress. and the U.S. Food and Drug Administration.

Figure 1: Schematic representation of manufacturing process and characterization Figure 3: SEM for morphological analysis
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