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/| KFLXOSNI mY LYGNRRdAzOa2Y

When treating traumatic wounds, blood loss poses a major immediate threat to the
LI ASyiGQa tAFSd® hyOS 6fSSRAY3I YR 20KSNJ AYYSR
shifts to mitigating complications from the wound becoming infedtgd The initial treatment
most trauma patients receive is some form of wound dressing that is applied on site, well
before they reach a hospital. Although active wound dressings intended for trauma are more
effective at stopping bleeding, gauze remains thestcommon wound dressing used in these
scenariog§2]. Even when these active wound dressings are used, their hemostatic effects could
be improved Further, these more traditional dressings lack antibacterial properties to mitigate

the threat of infection.

This project proposes the development oflsitosan CS andpolyphosphatgPB based
material with added copper ions to treat trauma wounds more effectively. PP is a polyanionic
polymer that has been shown to accelerate coagulation and stabilize blood&|)eks CS will
be included to make use of its polycationic nature, hemostatic effects and antimicrobial
properties that will work in tandem with copper ions to provigeantibacteirial environment
[5-7]. Thisapproach utilizes polyelectrolyte complexation of@$and PP solutionfllowed

by freeze drying to create a mesh like material that can easily be applied to wounds in the field.

The first objective is to identify a consistent and reproducible production protocol for
creating a freezalried meshlike material using CS, PP, and copper. The second objective will
utilize a DoE approach to build a design space that considers procegse/dactors such as CS,
PP and copper concentratipand PPdegree of polymerizatio(D,). The third and final
objective involves selecting an optimal material formulation using the predictive models
generated from this design space. This formulatiok e used to validate the model by
characterizing the same responses used inthe®uli 2 GSNAFE& (GKS YIF GSNRALF £ C
effectivenessas a trauma wound dressimg comparison to a commercial competitand a CS

only material
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Figurel ¢ Phases of the coagulation cascade depicting how each component interacts to culminate in the activation of fibrin
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Figure2 - Segment of the CS chain structure containing two deacetylated units and one acetyla{@é]unit
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Figure3 - Diagram of the PP structure at physiological[H
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Figure4 ¢ The gellike polyelectrolyte complex made from mixing solutions with magnetic stirrer (a) and the resulting freeze

dried spongy meslike material (b).
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Figure5 ¢ The pastdike gel polyelectrolyte complex made using the homogenizer (a) and the resultingdriseizmaterial (b).
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Tablel - Process variables and their impact on the resulting materials physical properties.
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Table2 - Required quantities for an example material formulation.
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Table3 - Protocol consistency results and standard deviation between the sample groups.
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Figure6 - Copper elution profile (a) and phosphorous elution profile (b) for protocol consistency samples.
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Table4 - Scoring rubric for ease of production score and handling properties score.
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Run | A:CS Concentration | B:PP Concentatrion | C:Cu Concentration | D:Polyphosphate Degree of Poly CSto PP Ratio | Copper Content | Phosphorous Content | Ease of Production |Handling Properties Score| Apparent Density|
PPM PPM PPM Dp Unitless % % Unitless Unitless g/em™3
1 5000 24000 1120 180
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3 5000 100000 1390 180/
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6 23400 100000 1049.71 180
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Response 7 Response 8 Response 4| Response 10|Respanse 11 R 12 ‘" P 13|R 14[R 15 R 16 Response 17
Absorption Capacity| Copper elution 10 min |Copper el...| Copper el... | Copper el... | Phosphorous elutien 10 min [Phosphoro..| Phosphero...| Phospk Blood Clotting Index | Cytotoxic Concentration
% % % 3 % ‘ % % % % mg/mL

Figure7 - Generated design space detailing the sample formulations for each run and the responses to be characterized.
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Factor 1 Factor 2 Factor 3 Factor 4 Resp. 1 Resp, 2 Resp Resp: Resp Resp: ] ‘
Run | A:CS Concentration | B:PP Concentatrion |C:Cu Concentration| D:Poly Degree of Polymerizati...| CS to PP Ratio |Copper Content| Phosphorous Content | Ease of Production | Handling Properties Score | Apparent Density
PPM PPM Dp Unitless % % Unitless Unitless g/em”3
[ 1 5000 24000 1120 180 0.208 1714 9.287 1 1 0.0249
L 2 25000 5000 600 180 5 3678 7.806 1 3 0.0194
I 3 5000 100000 1350 180 0.05 0.601 10,815 2| 1 0.0386
= 4 15000 52500 1000 20 0.286 0.714 11.848 3 2 0.0662
= 5 15000 52500 1000 180 0.286 0.837 12464 3 2 0.0631
L 6 23400 100000 1049.71 180 0234 0391 11346 3 2 0.1022
= 7 19000 100000 0 180 018 0.023 12343 3 2 0.0826
N 8 5000 50600 2000 20 0.099 1391 8.747 2] 3 0.0228
9 5000 33500 0 180 0.149 0.007 10,654 2 1 0.0317
|10 11000 5000 2000 180, 22 5938 9.559 1 3 0.0356
_on 15000 52500 970 20 0.286 0.659 11.532 3 2 0.0798
12 25000 96200 510 20 0.26 0316 12.398 2| 1 0.136
= B 25000 71500 2000 180 0.35 1.145 12.899 2 2 0433
B 14 15000 52500 1000 180 0.286 0,758 11,988, 3 2 0.0848
|13 25000 5000 600 180 5 3.757 9.074 1 3 0.0241
= 16 15000 52500 870 20 0.286 0.638 11.252 3 2| 0.077
17 25000 5000 2000 20 5 6.61 6543 1 3 0.0171
_ 18 5000 100000 0 20 0.05 0.007 9.27| 2 2 0.0377
: 19 16200 100000 2000 20 0.162 0.834 11.964 3 1 0.0809
= 20 9500 100000 1050 20 0.095 037 10.024 3 1 0.0548
21 14300 5000 1550.51 20 2.86 5418 8359 1 2 0.0261
|2 21600 14500 0 20 149 0014 9.504 2| 2] 0.0553
0 = 5000 5000 700 20 1 5,095 10448 2 2 0.0424
Resp i Resp 8|Resp P 10 Response 11 Resp 12| Resp 13| Resps 14 Resp 15 Response 16 | Response 17
Absorption Capacity| Copper el...| Copper el...| Copper el... | Copper elution 24 hour |Phospharo...| Phosphoro...| Phosphora..| Phosphorous elution 24 hour | Blood Clotting Index | Cytotoxic Concentration
% % % % 3 % % % % % mg/mL
3848 0.05 0.068 0.0%4 0.536 0.632 0.817 0.825 2.263 616 0
4334 0.008 0.01 0.007 0122 0.1 0.115 0.043 0.537 5542 25
2455 0.022 0026 0.033 0.285 0962 1.032 1315 2.712 533 0
969 0.04 0.039 0.06 0.144 056 091 1.442 2491 611 15
888 0.019 0.022 0.036 0.129 0.792 0.865 1.356 274 69.83 12.5
710 0.008 0.012 0.016 0.054 0.762 1.004. 1313 il 308 25
761 0 0 0 0.02 0829 1.084 145 2411 78.14 17.5
1821 0.023 0.042 0.03 0.188 0341 0.588 0.554 1174 80.17 0
2576 0 0 0 0.069 0.522 1.047 1.426 2.106 56.19 17.5
2802 0.012 0036 0.04 0.236 0145 0.194 0.247 1468 68.27 0
1205 0.038 0.046 0.063 0.112 0913 1131 1.521 2.202 60.87 0
565 0.012 0.015 0.016 0.055 0.678 0.895 1.038. 2.29 RARE 15
684 0.028 0.038 0.088 0,109 0,782 1.108 1.294 2415 55.11 10!
1050 0.018 0023 0.075 0.108 0653 0.959 1447 2.734 69.79 10
4805 0.052 0.01 0.049 0.074 0123 0.063 0.08' 0.601 61.23 2.5
1227 0.092 0.047 0.075 0.1 0.778 1.145. 1.491 2.249 45.19 10
5673 0.122 0125 0.151 0234 0232 0.134 0.231 116 54.25 25
2736 0.046 0.001 0.061 0.037 0.289 0.264 0317 0.639 34.29 20
1017 0.068 0.059 0.091 0123 1267 1.48 1.879 157 66.72 7.5
1447 0.03 0014 0.044 0,053 0.463 0.739 0.709. 1.286. 49.99 20
3875 et 0071 0.106 0095 0392 0237 0373 1.597 59.94 0
1667 0.116 o 0.016 0.013 0227 0.257 0.483 0.627 1211 20
1834 JEAS 0.285 0.425 0.567 0.568 0.658 1.05 2.639 £9.08 0

Figure8 - Completed design space table.



1 1 Correlation: 1.000

Run
A:C5 Concentration
B:PP Concentatrion
C:Cu Concentration
R1:C5 to PP Ratio
R2:Conper Content
R 3:Phosphorous Content
R4:Ease of Production
R5:Handlina Properties Score
R&:Apparent Density
R T:Absorption Canacity
RE:Conper elution 10 min
R9:Conper elution 30 min
R10:Conper elution 1 hour
R11:Conper elution 24 hour
R12:Phosnhorous elution 10 min
R16:Blood Clattinag Index
R17:Crtotoxic Concentration

R15%:Phosphorous elution 24 hou

R13:Phosohorous elution 30 min
R14:Phosohorous elution 1 hour

Run
A:CS Concentration
B:PP Concentatrion
(:Cu Concentration
D:Polyphosphate Degree of Poly
R1:C5 to PP Ratio
R2:Copper Content
R3:Phosphorous Content
R4:Ease of Production
R5:Handling Properties Score
Ro:Apparent Density
R7:Absorption Capacity
R8:Copper elution 10 min
R9:Copper elution 30 min
R10:Copper elution 1 hour
R11:Copper elution 24 hour
R12:Phosphorous elution 10 min
R13:Phosphorous elution 30 min
R14:Phosphorous elution 1 hour
R15:Phosphorous elution 24 hou
R16:Blood Clotting Index
R17:Cytotoxic Concentration
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Figure9 - Table of correlation coefficients between the factors and responses.
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FigurelO- 3D response surface for copper content.
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Figurell- 3D response surface for phosphorous content.
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Figurel2- 3D response surface for ease of production.
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Figurel3- 3D response surface for handling properties score.
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Figurel4- 3D response surface for apparent density.
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Figurel5- 3D response surface for absorption capacity.
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Figurel6- Mean copper elution profile (a) and mean phosphorous elution profile (b) across all runs.
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Figurel7- 3D response surface for-2dur copper elution.

0@ (@1 £0GO60CAER CB o THT VT M X DY TP MTHWOTE C D0 THTOG T v DG
MTO MpPpP® T He ™ ¢ ¢ ()

pT



Figurel8- 3D response surface for-2ur phosphorous elution.
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