Advancing injection force modeling and viscosity-dependent
injectability evaluation for prefilled syringes

WuXi Biologic

Global Solution Provide

Linke Wu, Hui Li, Yunyun Wang, Wei Chen, Quanmin Chen, Jeremy Guo
Drug Product Development, WuXi Biologics

Abstract/Introduction

. c .. . : : T . : . Fig 4. Advancing injection force - i o .

. . . . Fig 1. Advancing injection force modeling for Newtonian solution via introducing needle tip shape correction factor ¢ mi deling for mf\b ::olu tion oreenfores, | Fedsiedmctionoree oy ewtonion Eprediadinieeton Toree by Shear e
Prefilled syringe (PFS) development requires a comprehensive a. PEG6000 simulation solution rheological behavior at different concentrations (from 10wt% to 50wt%) based on shear rates Actual injgection force measured - o ol .
understanding of the forces involved in drug administration that (monitored both with cone plate rheometer and VROC microchip viscometer); b. the relationship between injection force (1 (1 mL/10's, dark blue column) was o 400 w0 1 )
affect dose accuracy, injection safety, and patient adherence. To mL/10 s) and viscosity for various staked-in-needle 29G 1 mL long glass syringes (from three vendors) and the former injection compared,to oredicted results by ] ] 0 ]
better predict injection dynamics, we refined the mathematical force prediction (Equation 1, orange line); ¢. the relationship between injection force and injection speed: the empty barrel Newtonian (Equation 2, grey column) g ) ' I o 5 |
model for injection force by integrating both hydrodynamic and |nJect|qn force of 29G 1 .mIT lf)ng.glass syringes (blug c!ots? and water flll.ed.mjectlon forc.e (orange dot§) were measured at 100 and Shear-thinning models o == - T ~ o
frictional forces mm/min to 500 mm/min injection speed and the injection force prediction by Equation 2 (black line) (K1 shape constant (Equation 4, light blue) mAb1 Concentration mAb2 Concentration  mAb3 Concentration

calculated and actual tested are shown in the inset table, ¢: K1 measured/K1 calculated; d. the corrected injection force model ’

he | q del cluded d , , , (Equation 6) in simulation actual injection force (1 ml/ 10 s) for syringes with 27G (green line and dots) and 29G 1 mL long Table 1 The mAb solution flow consistency index K (Pa s"), and the power law index n (index; dimensionless)

In the Improve model, we Incu e rug VISCOSIty propertles Syringes (blue“ne and dOtS), reSpeCtively. mAbs Concentration (mg/mL) K (Pa s") n-1 n r
(both Newtonian and Shear-thinning) and the syringe shape 242 10788 0339 0.661 0.9961
constant in the hydrodynamic force analysis, following the Hagen- 2 b mAD1 200 O-AT1S 0:039 0-961 09851
. . . . . inlet | Cone Plate Rheometer VROC 40 - 175 0.0316 -0.016 0.984 0.9615
Poiseuille law, and derived the friction force from empty barrels. — Boreneedlelength= 12.7mm o | | T —sows . 212 0.0468 0,022 0.978 0.9815
The model also accounted for actual environmental temperatures At Neelechannelength 5 Sesmmmmm————— TR 3% 175 0.0126 0.0258 1.0258 0.9845

. . . . . . . — | = Biliatabas —erees | —a—32.5 Wi% O S m . 0. : 0.966
during administration. The results highlight the critical roles of ' —— S| T :%%’Ef £ 20 T e Ab3 178 0.0151 0.009 0.991 9
the syringe shape constant and the rheological behavior of - /~——-—-————~—'"‘ e TSOME G100 g . Va0 -

. . . . . . . . l Syringe Tip Length L . - o Former Injection Force Mode . . o o . o 40 - NS
protein solutions in governing injection force dynamics. Equivelent Hagen-oiseuile FowLength gL 1 . - L 0 . . . . Fig 5. The injection force into tissue -

Finjection = Fhyarodynamic * frriction = K1 * V * i+ frriction Equation 1 [:1 ® hear Ré‘t‘i”ﬂfs} S . 0 mMedicatimzﬂmiw {Cpf” 40 The .representative .aver.age injection force of injectipg 1 mL %j@: ” INWS
We considered the counter pressure generated by the tissue Finjection = ©K1 * WV + frriction Equation 2 - —— Former Injection Force Model 50 1 Modified Inection Force model 25 medication to porcine tissue ( ) and air (blue) gi;’ . 2 .
. o« e . . . . F i, frictionless force (N); = ‘ ii:ﬁ?p? = ® 29G Actual USing ]. mL |_ 296 TW 1/2 PFS (n:6° NS p >0 05 * p < 0 05 *x 104

during actual administration to address the inaccuracies in Frretion, average empty barrel glide force (N); e S T 3% Modifed Ijection Force Model 27 <0.01, ***p <0.001) AL e ; |
current injection force evaluations conducted in air, especially s srinae shape consant (). : S Sl A PRSP RA w e ma w0
when the viscosity of the injected drug solution (DS) is below 9.0 A,gqu’s;?s_ecao_nal(a;ea;fplungerstopper(mz); £ 4 e e e %jz

. . . . . . U, Fluid viscosity (Pa-s); = K1 402.02 312.92 = 7

1 ringe tip length (m); - - o o oge o o oge
cP (injecting with 1 mL long PFS staked with 29G %z inch needle). s e i ) o7 T o e 07 - - - N Fig 6. Injectability correlation with end user capability
. o o - . Injection Speed (m/s Medication Viscosity (cP) Individuals are 25 to 35 years old, including 6 males (M) and 7 females (F). 1.0 mL PEG6000 solution
Finally, a simplified human factor study on injectability against at five different viscosities were manually expelled using 1 mL L 29G TW %2 PFS.
viscosity was conducted, indicating that healthy adults were a. The injection difficulty scoring in terms of medication viscosity
comfortable injecting medication with a viscosity of Fig 2. Advancing injection force modeling at different actual administration temperature b. The injection time in terms of medication viscosity
approximately 20 cP (1.0 mL in a 1 mL long PFS) within a. The different concentrations of PEG6000 solutions (10% to 30% w/w) rheological behaviors were monitored from 5°C to 40°C; c. The calculated injection forces the participants end used based on Newtonian injection
15 seconds. b. the injection force of 17% w/w PEG6000 at different temperatures was measured (blue dots), predicted by exponential law force model
(Equation 3, orange line) and corresponding 17% w/w PEG6000 viscosities against temperature (Equation 2, Grey dots).
_ - ass b e - |
Finjection = @K1 * W(T)V + frriction = @K1 * uoExp(—cT) * V + frriction Equation 3 £ . ’— 3 14 - - 5 & PO L IR ESE, R s
u(T) is the actual apparent viscosity (Pa-s) at temperature T (K); ‘E‘_ EI } . %12 LR | : 33
Uo and ¢ are adjustable coefficients those could be derived from model regression based on exponential law. E . | == i % &1 ; :ﬁ___ 60 - o
j 60 1 - 10 % PEG 30 0.02 g 2 . i £ 4 4 o _'g £ 301 . : EE : -
50 A - 17 wt% PEG > - - . e F E i e F s ig- _ el , [ -
o 20wt% PEG =
i i L 40 - S 20 A 4 0 5 10 15 20 25 30 35 0 \ 1
Injection force measurements 5o Bwenres § 20 \\ _ 0.01% S o1 w0 0 5 1015 20 25 30 3 y .
* Performed on a material testing instrument with a 100 N load cell E 20 2109 palimection e o 3
° 1 1 1 10 A 'GEJ' xpotential Law Prdicted Injection Force =
Syringes expelled 1 mL in 10 seconds by pushing the plunger at.a ; . . | 5 fy'é’{,}gév:iosi;cj ted Inject IF 0 lusi
constant speed, calculating the Reynolds Number as ~106 at this : M N - o oo a0 w0 w0 Conclusion
Speed Temperature (°C) Temperature (K)
* The testing conditions were controlled under 23+2°C and * An advgnced |nje.ct|(?n. force. .mo.del was devglopeq based on the medication’s rheological
50+25% rH . L . o . properties, assessing injectability in relation to viscosity.

=70l Fig 3. Advancing injection force modeling for Shear-thinning solution . . » The preliminary results from human factor assessments presented in this study enabled us to
. . a. The viscosity of dlfferent concen’Fratlons (5 mg/mL to 20 mg/mL) of CMQ (carbpxymethyl cellulose) splythns as function of devise a scoring system for rationalizing and facilitating the selection of the optimal the needle-

Viscosity measurements shear rate were monitored both with cone plate rheometer and VROC microchip viscometer; b. the injection force of CMC syringe-formulation.
+ Viscosity was monitored at 5°C, 15°C, 20°C, 25°C, and 40°C, solutions actual tgsted (blue ll.ne.), the |nJect|o.n f(.)rce. pred!cted by Newtonian |nJe.ct|on force merl (Equation 2, viscosity at - Overall, this model predicts the injection force for specific protein solutions during early

‘ecpectivel 5,000. s-1, green line) and optimized Shear-thinning injection force model (Equation 4, orange line). The shear rate of CMC development, offering insights into injectability by projecting the injection force across different

. P . y solution passing through 29G TW needle was calculated as ~2.5 X 10*s-1 (1 mL/10 s). PFS system combinations

* Viscosity at an apparent shear rate between 100 and 5000 s-! and '

under a higher shear rate to 40000 s-! was measured : e K(Zﬁ 3n + 1>"‘1 " T

injection = 1 * R 2 1 friction
. " A References

. oge . ow consistency index K (Pa s"), and n, power law index; dimensionless
Injectability evaluation

i ] .- o . . a b 1.Wu, L., Li, H., Wang, Y., Zhuang, G., Chen, Q. & Guo, J. (2024). Advancing injection force modeling and viscosity-dependent
* Thirteen individuals aged 25 to 35, Includlng 6 malesand 7 1000 7 Cone Plate Rheometer VROC 60 - Actual Injection force injectability evaluation for prefilled syringes. European Journal of Pharmaceutics and Biopharmaceutics, 114221,

females, were invited to dispense medication from 1 mL lon — Z | T Predicted by Shear thinning Model

P & S 100 S 40
PFS (29G). > ——20mg/ml & Ab S .
DI out WuXi Biologics

» The individual must score the syringe from 1 to 10 based on § 10- _:_:ijm: § 5 -

difficulty. g —Smgm. / WuXi. Biologics is a global.leading contract research, deyelopment, and manufacturing orgar.ﬂzati.on (CRDMO)
e The injection time was recorded as the end users started pushing [ PE— S i & S - 0 . . : : . offering end-to-end s.olgtlo.ns that enable partners to discover, develop, and manufacture biologics from

: . C . 100 1000 10000 100000 0 E 10 15 20 25 concept to commercialization.
the plunger rod until the explusion of the last drop of medication. Shear Rate (1/5) CMC concentration (mg/mL) , . L
For more information, visit wuxibiologics.com

Poster modified on 10/2/2024

g To discuss this poster, email info@ wuxibiologics.com


http://www.wuxibiologics.com/

	Slide Number 1

