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In this study, we aimed to improve the survival rate of freeze-dried cells
by controlling ice crystals, based on Micro Powder Dry technology, in which droplets are introduced
into a vacuum, instantly frozen by the heat of evaporation, and then sublimated. Human sperm and
mouse sperm were used as validation cells.

First, we determined the spraying conditions for sperm, and succeeded in producing freeze-dried
powder containing sperm. However, all the freeze-dried sperm lost motility. We conducted a detailed
investigation of the cause of sperm damage and found that while spraying caused some damage
depending on the nozzle diameter, freezing caused severe damage to the sperm regardless of the
nozzle diameter, resulting in the complete loss of motility. It is conceivable that there is an
optimal cooling rate for sperm, which could not be achieved in this study.
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Table 2. Process parameters of spray-freeze-drying.

[ filter Process spraying primary drying secclroyr;ggry
vacuum Peltier temp. (°C) -20 -10 0 20
pump Pressure (Pa) <1 36 36 36
Peltier device Time (hr) - 0.5 10 20

Fig. 1. Experimental apparatus of uPD.
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Fig. 4. SEM image of lyophilized sperm.
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Fig. 5. Motility of unprocessed and sprayed sperm. Fig. 6. a) TEM image of acrosomes of unprocessed sperm
(left) and sperm sprayed with 50 pm nozzle (right)
and b) their proportions.
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Fig. 7. Images of human sperm viability of unprocessed (left), frozen with LN2 (center) and spray-frozen with
100 u© m nozzle (right). (red: damaged membrane, green: normal membrane)

Fig. 8. Images of human sperm mitochondria activity of unprocessed (left), frozen with LN2 (center) and
spray-frozen with 100 u m nozzle (right). (red: active, green: disactive)

(4) WIREFZ P ~OEZEK &L 2 HREOHE

KA IR EFR P~ Lo S, @iig L7c~ 7 AR OEBIRIL 0% Th -7z,
@ﬁ@ﬁﬁﬁﬁ% o RU 7 OEEFHEOMER S (3) LFEER T, ~ v AR I3 Tlllakz
HEL, I har Y 7’@.&@%{%9%L“Cb\to e =2 2N LG THRETH T2,
ZORERP D wPD AZEBWTEGERHIE 2R & B2 52100 2RI, ,E\ijf\@”éa:”?tt
ﬁ%%wﬁﬂﬂimf(ZmeC) TIRE SRV EHA L7z, BRI, FEF OB
RERMAREPFEL TBY | IMEERITEIHMERETIIZENZER L TWDH2, wPD %{fﬁz
RER P ~OEFERAE TIIENEZERL L T RN-TZEEBEZLND,



5) FEDOE LD

AT TIE, BRIE L QW= BERLEMN O AFRE EIIZES -2 b oD, uPD 2H
W HAS LIRS B T AR T ORERERZFEMICHE L, BTroRI ERBREOLREFFD /
ANEFENT D L B TIXEERICZDOBEEZZ TN, B TOEI LD RE2ILBD 7 X)v
TSR OBREIISC Z ENFRE L HIBA L=, £z, uPD IZBW TR FI3ER I oG
BRRCRE R BEEZ T, MEENEE LT hay R TIEEEEA L, EiGEEZ LD S H L
7o BZERAOMEEL L O L 2B TOREEZHE LS T2 ECICRY =57 A0F
TENERA DO & 70D, AWFITOFEREFIL, 4% OBORE EEMAL O A 72 1w EAZ @ T 72 iR 9E38
JBIZEMT2HNETH D,



2023

DOl

67

2022

(Nishihashi Tsutomu)

2022 3 15

(00517469) (14401)
(Kimura Tadashi)

(90240845) (14401)
(Takiuchi Tsuyoshi)

(40733358) (14401)




(Saji Fumie)

(40600987)

(14401)




