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Assessment of Erythromer Stability and Particle Characteristics with 

Assay Optimization

Hypothesis

Liposomes are dynamic natured particles that can self-

assemble, deform, and reform which can lead to slightly

different particle characteristics every time the

characterization is performed. However, if all the

characteristics are in ± 5% standard deviation as

observed for Method 2 (Table 2), we can very well track

the stability of EM alongside viable functional assay

results (encapsulation assay, spectral scan analysis and

P50 results) to get the overall quality of the EM.

Tracking the stability of liposomes is tricky since a lot of

factors should be taken into consideration whilst

formulating, fabricating, and evaluating particle

characteristics to get most accurate results. But, if all

the conditions are controlled and monitored periodically,

obtaining accurate information is easy. Stability studies

are promising when it comes to tracking MetHb% that

can be formed on storage of EM for a long period and

MetHb is detrimental to the product quality hence

performing comprehensive stability studies is cardinal

for pre-clinical and clinical trials.

• Investigate the plausible cause behind less 

negative zeta potential values over the period. 

• Checking the stability of post lyophilized 

erythromer. 

Erythromer (EM) is a bio-synthetic artificial red blood cell substitute

that can be lyophilized for long term storage and can be used in

case of emergency such as traumatic hemorrhage when stored

blood is unavailable. EM is a self-assembled, deformable, hybrid

lipid-oligomer based nanoparticle that incorporates high per particle

payload of hemoglobin (Hb). ZetaView and Malvern Zeta sizer are

used to determine the zeta potential, particle diameter, polydispersity

index and particle payload concentration of Hb. % Hb encapsulated

vs free Hb, and % efficiency of Hb capture. Hb encapsulation assay

is used to evaluate particle payload of Hb. Additionally, Ph and

spectral scan analysis is carried out as an effective tool to measure

methemoglobin formation in stored samples. Additional assays

include pH and osmolarity. All these parameters are important to

assess stability at various time points and temperature conditions.
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Typical workflow of Erythromer production – 1. purified Hb, 2. nanofabricated EM,

3. Functional analysis, 4. particle characterization

2 methods were used to evaluate particle characteristics -

Methods

2

1.Liposome: classification, preparation,

and applications - PMC (nih.gov)

2.Home - KaloCyte
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Hemoglobin has 4 oxygen binding sites (O2 loading). When oxygen

is offloading, some Oxygen gets converted into superoxide that can

lead to methemoglobin formation. But there are enzymes present in

the blood that can control this process by preventing MetHb

formation. Since Erythromer is artificial RBC, it lacks these enzymes

hence if not CO-locked, can produce large quantities of MetHb.

Carbon monoxide (CO) has 200x more binding affinity to heme

thereby reducing oxygen loading and offloading and in turn aiding in

reducing MetHb formation altogether. Additionally, performing the

particle characterization studies further reinforces the viability of the

overall stability of the product. Performing fuctional assays like

Encapsulation assay and Hemox to measure P50 can certainly be

useful in detailed analysis of quality of erythromer.

Method 1- old method Using Argon ring vials – The material used was EM batch: KC220714-3 that used lipids such as cholesterol,

KC1003, DPPG, DPPC, PEG (2000) at a desired ratio.

Method 2- New method/current method using CO-locking technique followed by storing in a borosilicate, autoclaved glass bottle at 4ċ

refrigerated conditions. The Material used was EM batch: KC221019B that used lipids- cholesterol, KC1003, DPPG, DPPC, PEG (2000) at a

slightly different ratio than KC220714-3.

Method 1-KC220714-3 (Table 1.) 

Method 2 -KC221019-B (Table2.)

upon week 2 time point analysis, the MetHb % increased at an alarming rate from 0.00 to 67% (table1). 

Parameters
Week 0

(10/20/22)

Week 1

(10/25/22)

Week 2

(11/03/22)

Week 3

(11/11/2022)

Week 4

(11/18/2022)

Particle Size (nm)-Zetaview
150 172 192 192 197

Particle Size (nm)-Malvern
274 280 291 290 314

Zeta potential (mV)-Malvern -18 -24 -18 -20 -11

Zeta Potential (mV)-Zetaview -25±0.6 -27±0.5 -29±1.1 -28±1.3 -24±0.7

PDI (polydispersity index)-Malvern 0.2 0.2 0.2 0.2 0.2

Particle Count (particle/ml) 3.6E+13 3.03E+13 3.1E+13 2.9E+13 2.1E+13

[Hb] femtomoles/ particle  1.37E-05 1.36E-05 1.27E-05 1.2E-05 1.7E-05

pH 6.926 6.926 6.926 6.926 6.926

Hb total (µ𝑀) 413 413.35 394.4 349.22 364

Hb free (µ𝑀) 2.4 3.3 11.72 5.97 6.02

% Encapsulation 99.4%
99.2

97.0 98.3% 98.2%

MetHb % 0.00 0.0 0.00 0.00 <2%

Parameters Week 0 (07/15/22) Week 2 (07/23/22)

Particle Size (nm)-Zeta View 
158.2 129.4

Particle Size (nm) Malvern Zetasizer
224.2 221.9

Zeta potential (mV)-Malvern Zetasizer -28.66 -16.03

Zeta Potential (Mv)-Zeta View -35.60 -25.19

PDI-Polydispersity index  Malvern 

Zetasizer
0.2 0.3

Particle Count (ZetaView) 2.8E+13 1.3E+13

Ph 7.004 7.001

Hb total (µ𝐌) 115.74 79.60

Hb free ((µ𝐌) 1.82
2.73

% Encapsulation 98.4%
96.6%

MetHb % 0.00 67%
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