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Abstract

Objective: Freeze-dried plasma (FDP) has the advantages of good portability and rapid reconstitutio
n, and can be used as an alternative to fresh frozen plasma (FFP) in special environments and pre
-hospital first aid. Currently, it is still in the research and development stage in China, and no fre
eze-dried plasma product is available for sale. Both the freeze-drying process and subsequent stora
ge may cause instability of plasma proteins. In this study, we systematically screened suitable lyop
rotectants for plasma lyophilization, explored their repair effects on human umbilical vein endotheli
al cell (HUVEC) injury, and preliminarily investigated the underlying molecular mechanisms, so as
to provide experimental references for the development and clinical application of FDP.

Methods: Using fresh frozen plasma as the raw material, 6 kinds of lyoprotectants from 4 categori
es were selected, including glycine, trehalose, mannitol, and dextran, hydroxyethyl starch, hydroxyp
ropyl-B-cyclodextrin. The effects of these protectants on coagulation function, protein oxidation, and
microparticle aggregation were evaluated before and after lyophilization, as well as during storage
at 40°C+2°C and 60%+5%RH for 0, 3, 7, and 10 days. In addition, compare the effects of lyopr
otectants on key lyophilization parameters of FFP. Based on the injured HUVEC model, transcripto
me sequencing was used to analyze the effects of lyoprotectants on cellular gene expression profile
s, and GO and KEGG enrichment analyses were performed to preliminarily explore the protective
mechanisms.

Results: (1) Lyoprotectants showed no significant effects on plasma coagulation function, micro
particle aggregation, or protein oxidation before and after lyophilization (P>0.05). The collapse tem
perature of the trehalose group was higher than that of the glycine group, which was more conduc
ive to the optimization of lyophilization process. There was no significant difference in Tg' betwee
n the two groups (P>0.05), but the trehalose group exhibited better repeatability in Tg' measureme
nt. (2) After 10 days of storage at 40°C+2°Cand 60%=5%RH following lyophilization, the recovery

rates of coagulation factorVand VIII activities in the glycine group reached 85.7% and 100%, res
pectively, which were higher than those in the control group (71.4% and 80%). Glycine also reduc
ed the prolongation of APTT and PT by 4 s and 1.3 s, respectively. Glycine and dextran significa
ntly delayed the oxidation of protein sulthydryl groups during 10-day storage after lyophilization
(P<0.05), whereas lyoprotectants had no significant effect on protein carbonyl oxidation (P>0.05). T
he number of insoluble microparticles in the trehalose group remained at a low level (2233~5233
particles/ mL) during 10-day storage, showing a superior effect in alleviating microparticle aggregat
ion. However, lyoprotectants had no significant effects on microparticle aggregation and turbidity at
diff-erent storage time points after lyophilization (P>0.05). (3)Compared with the model group, F
DP alone and its combination with Gly or Tre significantly reduced late apoptotic rates, exerting a
nti-apoptotic effects; whereas Gly or Tre alone showed no protective effect and even promoted cell
apoptosis.

Conclusion: Glycine and trehalose are the preferred lyoprotectants for freeze-dried plasma. Glycine
shows outstanding effects in maintaining coagulation factor activities and alleviating oxidative dama
ge, while trehalose is more conducive to reducing microparticle aggregation. Trehalose and glycine
group differentially enriched genes exhibit effects such as anti-apoptosis, enhancement of endotheli
al junctions, and maintenance of vascular stability. KEGG pathway analysis indicates that the upreg



ulation of the tight junction pathway promotes metabolic recovery and functional repair of endothel
ial cells following hypoxia/TNF- a -induced injury. This study provides an experimental basis for fo
rmula optimization, process establishment, and clinical application of freeze-dried plasma.

Key words: Freeze-dried plasma; lyoprotectant; coagulation factor; oxidative injury; vascular endoth
elial cell
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