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ABSTRACT

The effects of freeze-thawing and of storage on the ultracentrifugal charac-
teristics of human serum lipoproteins have been studied. Two different rates
of freezing and thawing have been used. Storage of both sera and lipoproteins
in salt solutions has been evaluated at three different temperatures: between -30
and -26°C,, between -5 and OOC,, and between 0 and +4°C. Adequate preserva-
tion of lipoproteins stored as serum at a temperature beiween -5 and 0°C was
maintained for a period of 4 weeks, between 0 and +4°C for a period of itwo weeky,

and between -30 and -26°C for only a few days.
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Donner Laboratory of Biophysics and Medical Physics
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October 17, 1958

INTRODUCTION

Several investigations on the effects of freezing on humaun serum lipoprotzi..-
have been reported in the literature. In one investigation a comparison of the
'extra.ctabiﬁty of lipis with ether was made between liquid and frozeu lipopreoteir
golutions. ! In other studies, the extent of lipoprotein change due to freezing and
storage was investigated by noting the alteration in solubility. 2,3 The effecte of
freeze-thawing and storage on the ultracentrifugal properties of lipoproteins hav.
also been reportedaé“’ 5 However, these observations were limited to the study «f
only one lipoprotein group 2and were carried out over only relatively short pericd:
of time. This paper reports (a) the effects of freeze-thawing and (b) the effeciz o’
freezing, prolonged storage, and thawing on the ultz‘écentriiagal properties of 21l

the major classes ef hurnan serum lipoproteins.
EXPERIMENTAIL PROCEDURE

Ultracentrifugal Isolation

Isolation of the serum lipoproteine was accomplished by using one of two prc-
cedures; A6 and B? Each of these procednres allowed c¢;mp1cte study of 21l the
major clasees of serum lipoproteins., The advantage of Procedure B, developed
during the experiment, was its comparative simplicity and modest serum requi»:

ments,

Procedure A

For isolation of low-density lipoproteins, serum was diluted with an equzl vo! -

ume of NaCl solution (pzo/éo = 1.1172 g/ml), yielding a2 protein and lipoprotein-f -

-,
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solution (background) of P20/4° = 1. 06 g/ml.

For isolation of interrnediate high-density lipoproteinsg /HDL-2), serum v~
diluted with an equal volume of D,0 - NaNO, solution of P20,/4° = 1.2429 g/ml,
regulting a background solution of p20/40 = 1,125 g/ml.

For isclation of total high-density lipoproteins {HDL-2 2ad 3), serum was
diluted with au equal volume of DZO NaNO3 solution of p20/40 =1, 3895 zz/mln
yielding a background solution of °20/4 = 1.20 g/mil,

Procedure B

For isolaticn of the total serum lipoproteins, Z ml serum, 0.94 ml of WALl
solution of P20/4° = 1.0060 g/ml, and 3 ml of NaBr solution of P20,/4° 1.3895 o/t
were mixed together, yielding a backgrouud solution of P20/ 4° = 1. 205 g/ml.

For both procedures, the above serurn solutions were ultracemntrifuged for 24
hr at 40, 000 in a Spinco Model-L ultracentrifuge using a 40. 2 rotor. Rotor tem-
perature was maiatained between 18 and 20°C., After ultracentrifugation the roopc:
tive lipoprotein fractions, concentrated in the top of the 6-ml preparative tube fr.-.
of the serum proteins), were guantitatively removed with a capillary pipette info a

l-ml volumetric tube.

Ultracentrifugal Analysis

Determinations of flotation rates and conceatrations weve carried ocut in a
Spinco Model-E analytical ultracentirifuge. Lipoprotein classes were classified
according to their flotation rates in the media used in the above procedures. In
Procedure A, the lipoprotein classes, measured according to the established low-
density clagsification (with flotation rate versus concentration and Johnston-Ogoton
correction) were: So(1 06)100 to 400, 20 to 100, 12 to 0, O to 12, HDL.-Z¢, and HDL-Z
and 3. In Procedure B, the corresponding lipoprotein classes were, respectively:

f((lo 20)3‘85 toc 485; 61 to 185; 44 to 61; 160 to 44 and O to 6. Im Praceduxe A, the iov -
density lipoprotein ciasses are distributed between qulo 06) 0 and Sf(l 06)400 which
in Pracedure B correspond to lipoprotein classes between Sf(lo 20) 16 and Sf@).o 20}
485, Similarly, the sum of both HDL-2 and HDL-3 evaluated in Procedure A corre-
spond to lipoproteins of Sf(lo 20) 0 to 6 measured in Procedure B.

In Procedure A, the standard errors of the measurement for the classes of lipo
proteina Sy © to 12, s? 12 to 20, S 20 to 100, sg 100 to 400, HDL-2, aed HDL-2 z :d
3, are 19, 16, 22, 34, 3.6, and 10, respectively. A corvelation coefficient of 0. 60
has bzen demownsiratad betveen the maean of the samp?.ec of 252 duplicate determiy 2.
tions versus the e nt 0l o0 el o e gampizo iv dhe SS G to 400 clans. ¢

Totg woudt oo - Kk ; S - : R Fas > at:3 SRR BLANE AN T
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measured. Therefore it is reasonable to express the above stvadard ex=wo s o7
centage errors by dividing them by their respective means, They are 7%, 3%, v,
12%, 6%, and 4%, respectively.

In Procedure B, duplicates have been run, and the results are given as ave: w1
together with average deviaticas.

Materials

Two-milliliter aliquets of serum and 1-ml aliquots of lipoprotein solutions ins
lated by Procedure A were pipetted into 10-mi and 5-ml screw-cap vialg, respec
tively, which were carefully sealed under nitrogen,

Freezing Processes

For rapid freezing (r.£.}, the vials containing serum were dipped inte dvy [ -
and acetone for 50 sec, Vials containing lipoprotein solutions were dipped for LT
For slow freezing (5.1.), the vials were set in a deep freeze (-ZSOC) for 1 hr., -
both processes, a final temperature of -28 2 1°C was reached, as checked wit: 2
copper -constantan thermocouple.

Thawipg Procensges

For rapid thawing (r.th. ), the vials containing serum were placed in a wafc-
bath at +37°C for 120 sec and those containing the lipoprotein solutions for 60 ser.
For these conditions each solution reached a2 temperature of 24 = 1°C. For slov
thawing (s.th. ), the vials were left at room temperature {24 % Z°C) for 1 hr, =t
which time temperature equilibrium had usually been reached.

Storage

The offects of storage were studied at three temperatures; (1) between -30 avd
~Z6°C; {2) between -5 and +O°C; and {3) between 0 and +4°C. Solution densities
were determined with a 1-ml pycnometer and pH was measured with a Model H-2
Beckman pH metex.

RESULTS
Serum

Table 1 presents the resuits of freeze-thawing of serum. Repeated cycles {f ¢
1 to 3 times) of ecither rapid or slow freeze-thawing of serum produce no significs o’
changes in either the concentzation or in the flotation rates of the major clasces rf
serum lipoproteins, with the exception of the HDL-2 class. Frequently, after ou-:
ireatment, omall amounis of insoluble material appeared which may have covsin™.C
of denatured serum proteins, chylomicrons, or both. However, this material din
nst represent degracaatioa zf any 9f the measvred claosen of serum lipoproteinu,

Once % yas =827 okad that reiviops . ¢hon Lo szoulled frem 2 single frcerc



Table Ia

Freeze-thawing of serum

Concentration (mg % }

U

S (1. 06)
Serum . Treat- 0 to 400 20 tol0 12tod O toll Total HDL -~ 2 HisvL.z83¢
ment 0 to 400 ’i; .
A1 orig , 50 64 66 303 483 37 350
2 rf rth(lx) 46 70 63 115 494 55 3432
D 1 orig 314 z61 49 318 942 80 258
2 sf sth@'ix) 334 269 58 328 939 -- .-
3 (( 342 281 49 308 980 118 287 '
frh 3x) 302 253 49 313 917 - -
D 1“c orig 369 300 65 335 1069 . 341
2_ s sthilx) 358 300 64 326 1047 - 307 g
3 rf rth{3x) 350 288 54 330 1021 - 342 i
E 1 orig 163 159 55 323 700 60 243
2 sf sth{ix) 151 136 55 302 644 84 257 0y
3 si sth(3x) 149 131 53 305 638 45 245
4 rf vth(3x) 154 159 65 300 678 -- e
E, 1§ orig 116 143 49 291 593 - .-
20 xfrth(2x) 124 148 53 314 639 -- .-
3 rf rth{3x) 140 151 50 317 658 e .
< .

an o

In this and foliowing tables the dash (-) means that no run is available. For the
consideration of error see Experimental Section.

The number in parentheses imdicates the number of freeze-thawing processes.
Average of two lipoprotein determinations.

Average of forr Yipoprotein determiaaticns.
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thawing process, the effacts of siorage im a deep-freeze at temperaturcs bufv: -
-30 and -26°C were otudied in combination with each of the freezing and thawi-
pracesses (rapid and slow), Daily analyses of samples {not presented) reveai:d
nc lipoprotein conceatration changes until after 7 days of storage. Table I pre-
scais the results of gtorage from 7 days to as long as 1 year. Although some lig:
prolein changes were observed, no significant differences in degradation were <%
served to result from different rates of freezing and thawing. In geuneral, ovzr .
yeriod of otudy there was a significant decrease in most of the lipoprotein clacur,.
However, a consistent but transient eievation in concentration of HDL -2 war ob-
served after 7 days of ctorage.

Tables III, IV, and V present the results of a comparative study ef storapg. «”
three sera F, G, and H, using Procedure B, at temperatures between -30 apd 5
between -5 and OOCD and between 0 and +4°C, respectively.,

At texnperatures between -30 and -26°c, lipoproteins with flotation ratec e™c.
sf(lu 20)61 Were more iapidly degraded and showed more 2xtensive degradatiov c -
comparable periods of storage than lipoproteing with flotation rates leso thar Sicv; ey
61. In contrast, the Sf(lo 20)16 to 61 as well as the Si(lo 20}0 to 6 lipoproteia clac .~
showed relative stability to storage between these temperaturea. After & mortic.
the change cbserved in the Sf(lo 20)0 te 6 class was a decrease in concentration o -
mounting at most te 30%.

At temperatures between -5 and OOCO all lipoprotein clanses appearx to be ofnbi-
for a period of at least 28 days. Thereafter, the Si(ic 20)16 te 61 and Sfél., 20)0 te 6
lipoprotein classes appear to be more resistant to degradation than the other lipo.-
protein classes. After 21 to 28 days of sterage, the Sf(lo 20)0 to 6 lipoprotein clacn
showed some qualitative changes not evident in Table IV. These changes wexe 2
broadening of the lipoprotein distribution with an increase in the flotation rate of
the major peak.

At temperatures between 0 and +4°C, all lipoprotein classes appear to be siz ol
for a period of at least 14 days. Thereafter, there is no comsistent pattern of dep -
radation. However, after 7 to 14 days of siorage, the sf(lo 20)0 to 6 lipoproteiv ¢lzun
showed & broadening of the lipoprotein distribution with an increasce in the flotafior
rate of the major peak.

Lipoprotein Solutions

Tables VI and VII present the vresulis of freeze-thawing of lipoprotein solutionc

Lipoproteins in sait soluiion appear to be as stzble a8 lipoproteius in oerumm zftew
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Table I}

Storage of Serum at a temperature between -30% and ~26°C

. Serum concentration {mg %)
U H -
 Sreg
Serum 'I'reataf ) to 400 20 to 100 12 to 20 O to 12 Total HDL-2 HDL-28& 3 Te .
ment 0 to 405 Lipoy-
Al orig 50 64 66 303 483 37 350 83=
2 rf-7 rth 69 104 67 278 518 47 334 L5
3 rt-90 rth 49 83 51 226 409 37 21a S
B1 orig 127 248 82 315 772 40 256 iesn
2 of-7 sth 166 192 67 270 695 73 290 og"
3 ef-200 ath 16 62 44 231 353 27 226 “p
4 8£-385 oth traces traces 27 230 257 - 191 s ¥
CcC1 orig 234 200 39 121 594 58 258 H5.
2 zf-7 rth 168 160 34 110 472 69 238 Tyo
3 rf-187 rth 83 99 54 198 434 76 249 Lo
4 vf-369 zth 7 10 27 2290 264 -w 219 £8"
D1 orig 314 261 49 318 942 80 258 1200
2 rf-7 vth 256 143 39 285 723 i19 272 €95
3 ri-180 rth 241 159 35 236 671 87 278 A
4 rf-343 rth o5 80 39 220 434 82 186 Y X4
D orig 146 141 51 313 651 57 237 8§88
2 sf-7 eth 135 121 30 287 573 61 225 798
3 sf-7 rth 107 133 40 260 540 35 272 81
4 pf-180 sth 127 74 50 273 524 84 180 704
5 6f-343-sth traces traces 35 218 243 o 187 430

? The numbers beiween rf or sf and rth or sth indicate daya of storage.




Table Iil

Storage of cerum at 2 temperature between ~30° ard -26°C

Serum conceniration {mg %)

Bouw o ..

ol v

The number indicates the number of days of storage.

and thawed slowly.

st

|

Stq1. 20)
- Serum Treat- 185 to 485 61 to 185 44 to 61 16 to 44 Total 0to 6 i
meunt 16 to 485 e
F 1 orig 132 %5 515 %25 56 &1 295 29 998 £ 20 268 =8  1.°65 ...
2 7 159 + 3 15223 20%3 227 27 558 £#9 265 x %
3 14 183 28 2255 23 %5 235 25 666 £ 12 260 7 Goh
4 28 i45 %5 140 7 2523 240 %9 550 = 13 267 % 9 1
5 109 56 % 11 8528 1845 231 2 7 390 % 16 256 % ¢ ». 5
6 201 88 = 8 128 £8 3023 262 %8 508 + 14 205 % 10 1:
G 1 orig 455 % 24 308 %9 36=zx2 205 £ 7 1004 227 1893k 4 17
2 7 279 £14 15027 3021 216 £ 5 675 2 16 205211 88"
3 21 179 £ 8 172 £17 28 21 189 & 11 568 + 22 196 = 3 757
4 28 248 £ 9 10526 2322 195 £ 9 576 £ 14 195 % & 765
5 102 14026 894 28£4 208 £10 405 %13 2128  OT7
6 178 139 = 10 7723 2421 169 + 8 409 £ 33 175 5 13 &8¢
H 1 orig 163 25 245 %6 301 309 £ 8 747 £ 11 239 2 6 286 -
2 7 268 2 7 10946 232 252 £ 8 652 212 238 =7 890 -
3 21 139 2 7 110 £ 10 24 3 260 =5 533 2 14 242 =12 775
4 28 168 128 26 307 629 248 377
5 102 91 68 15 262 436 240 576
6 178 67 % 10 5525 173 250 £ 10 389 2 15 218 == 10
- -

The camples have been frozen

 r—

e ———
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Table IV

Storage of serum at temperatures between -5°C and 0°C

Serum conceuntration {(mg %)
S1. 20) .
. Serum Treat- 1835 to 485 6l to i85 44 to 061 16 to 44 Total Gto 6
ment 16 to 485

F 1 orig 132 £5 515 £ 25 56 %1 295 29 998 x 20 268 + 8 160
2 7 142 £ 6 493 £20 551 303 %6 993 = 25 263 £ 6 1450
3 14 134 2 4 50 21 54 =22 318 = 7 1007 £ 23 263 %5 AT
4 28 136 £ 4 506 =20 56 %1 296 = 6 994 = 22 256 24 1251
5 109 195 % 15 349 £ 19 48 =3 283 =5 875 %25 206 %25 1047 .
6 201 148 183 44 261 636 205 8

G 1 orig 455 = 24 308 £9 3622 205 27 1004 £ 27 189 2 4 114
2 7 461 2 17 318 211 33=x2 22327 1035 £ 22 179 26 121
3 21 484 2 19 309 27 31 =1 2i9 2 4 1043 £ 24 172 =27 Lal”
4 28 497 £ 17 30727 3523 229 £ 10 1068 221 192 £ 5 L YA
5 102 343 219 216 2 6 3323 218 £ 7 810 221 142 =6 254
6 178 219 % 16 12823 282 150 = 5 525 217 120 %5 645

H 1 erig 16325 24526 3021 309 =8 747 £ 11 239 26 986 -
2 7 171 26 2793 - 3022 289 % 7 769 210 238 %6 EGOY
3 21 159 %5 246 £ 4 29 %3 283 2 3 7T 8 23926 256
4 28 168 &37 31 328 764 216 980
5 102 138 179 25 308 650 199 840
6 178 87 x 8 11025 2523 280 2 6 802 %12 1727 674
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Table V

i

Storage of serum at a temperatures between 0% and +4°C

Serum concentration {mg %)

Seq1. 20)
- Serum Treat- 185 to 485 61 to 185 44 to 61 16 to 44 Total Oto 6 Toi
ment 16 to 485 0t/
F i orig i32 45  5i5%25 561  295%9 998 % 20 268§ 1265
2 7 13926 479219 57 %2 29048 965 222 25628 12,
3 14 12545 486414 6342 3122 10 986 + 18 247 29 1233
4 28 12347 437216 59%2 320212 939221 23626 117:
5 109 13244 406 15 5922 303 %14 300 £21 16029 1050
6 201 13325 400 14 6823  322%10 923 £18 22329 1175
G 1 orig 455224 30849 3622  205%7 1004 227 189 24  115:
2 7 460 =11 312+10 3942 238 %11 1049 £19 27826 1327
3 21 420410 285410 37%£2 218 £6 960 £ 15 212+5 117-
4 28 425413 299 %7 3722 224 %3 985 £ 15 139 £6  112<
5 102 75215 96216 2921 162 418 362224 10326 465
6 178 34216 72+£5 2941 164 %8 299 £19 149 26 448
H 1 orig 16325 24546 3021 309 28 747 =11 23926 986
2 7 16044 253214 3122 30747 751 £96 236 +4 987 -
3 21 17027 17427 3722 310210 747 £ 13 243 210 990 :
4 28 142 167 35 272 774 272 1046
5 100 152 120 29 225 710 225 935
6 178 158 220 153 %70 2243 214 %13 753 %26 214 433 967

e
w—c

s

—.
et

——
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Table VI

Freeze-thawing of lipoprotein in zalt solutions

Serum conceuntration (mg. %)

Seruam Treat-. S? D io 41’)03' S? 0 to E)b Toial L.DL
ment
cC i orig 652 + 30 283 £ 15 935 % 5
2 rf rih({lx) 612 £ 35 28% £ 17 897 + 18
3 sf sthilx) 621 £ 45 280 £ i5 903 + 30

2 The lipoproteine of this class were in NaCl solutions (PZO/% = 1. 007 g/mi)
The lipoproteins of this class were in NaCl solutions (920/4 = 1,063 g/mi)

Table VII

Freeze-thawing of lipeproteins in salt solutions

Serum concentration (nlg_jgj!
S?(L 06) }
Serum Treat~ (10 t0400 2 i0¥012¢02 Oioll Total FDL@ HDL-25 3 Taial
ment 0 to 400 | Lipoprofci -
B 1 orig 127 248 82 315 772 40 256 1028
2 of sth{dx) 137 260 89 290 776 0 274 1050
3 xfrth(l0x) 166 130 24 116 436 0 266 702
B,1 orig 166 192 67 270 695 73 290 985
2 sf oth(5x) 135 147 54 285 621 0 300 921
3 rfrthi5x) 178 174 58 265 675 24 309 964
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repeated processes of freeze-thawing. In order to detect any sigunificant degra.’”
tiom, freeze thawing must be repeated from 5 to 10 times, However, once degrr
tion appears, the actual '.lons of material can be very large. The HDL-2 lipoprof-
class appears to be more labile in a salt solution than any other lipoprotein clarc
when successively frezen and thawed. |

Tables VIII and IX present the results of storage of lipoproteins in salt solufin
between -30 and -26°C, " Afier 10 days the total concentration of S?@m 06) 0 to 400
class has decreased by approximately 20 to 30%. The Sgﬂo 06) 20 to 400 clase pacv .
an earlier degradation thawn the S%«l, 06) 0 to 20 class, In addition, these data skov
& lability of the HDL-2 lipoprotein class.

Wheu the two different rates of ireezing and thawing are investigated ie councc’i -
with storage, measurable differences do appear for lipoproteins in specific NaCi.
media (p20/4 = 1. 007 g/ml for S%Qlo 06) 20 to 400, and 1,063 g/ml for Sof((ln 06} 0tc o
class). In such lipoprotein solutions, the application of rapid {reezing and thawi g
appears to produce more extensive changes than those produced by slow ireezing
and thawing. Comparisons of the average values of Sfﬂo 06) 20 to 400 lipeprotein:
in stored samples exposed to the rapid process {Samples 3, 7, and 10 in Table IX}
and those samples exposed to the slow process (Samples 2,6, and 9) with their oric’
nal unfrozen values chowed a 34% loss for the rapid process and a 15% logs for the
slow processes. This suggests that storage of this lipoprotein group after rapid
freezing provokes a faster rate of degradation than storage following a slow freeczivyg
process.,

The possibility that variation in pH with storage might be responsible for the ob-
served degradations was checked. Several measurementis carried out at the begin-
ning and throughout the experimental period in samples containing no nitrogen show:.d
no pH changes.

DISCUSEION

1

Our experiments Re‘a.d to a definite conclusion, important from the practical poir:
of view, for the storage of lipoproteins in clinical inavestigations. The resuits ind?
cate that storage of cerum at a temperature between -5 and 0°C assures preserve
tion of human serum lipoproteins for a period of at least 4 weeks,

Sterage of serum at between 0 and +4°C for as long as 2 weeks alzo reveals no
quantitative or qualitative changes in the lipoprotein patiern. However, after 2 weoks

of storage at this temperature qualitative changes may be observed prior to sigpify ac’
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Table VIII

Storage of lipoprotein in sglt soluﬁi%ns
at a temperature between -30° and -26 C.

Serum concentzation (mg %)

Serum treatmenta Sg & to 4005 S? Oto 20 Total LIDL

c1 orig tan 278 303
2 sf-10 sth 478 303 711
3 rf-10 rth 386 249 $35
4 rf-22-pth 460 265 725
5 rf-22-sth 479 . 234 713
6 8f-23 sth 516 261 777
7 £f-23 rth 481 235 716
8 8£-23 rth 588 - 218 866
g 8f-33 sth 610 253 863
10 rf-33 rth 418 264 682
11 r£-181 sth 286 101 287
12 8f-181 sth 331 ~ 239 570

The numbers between rf or sf and rth or sth indicate days of storage.
Sze notes heneath Table VI.
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Table IX

JCoxne

(™

Storage of lipoproteins in salt solutions

a2t temperatuzes between -30 and -26 C.

Serum Concentration (mg %) |

S¢(1. 06) ,
Serum treat- 0 ¢0400 20¢toiW12¢t02 0tol2 Total |HDL-2 HDL-2&3 Ta
ment 0 ¢ 400 Lipogs-
B 1 orig 127 248 82 315 772 40 256 128
2 rf-7 rth 156 208 75 270 709 0 217 grh
B, 1 orig 166 192 67 270 695 73 290 g
2 rf-10 rth 147 136 58 219 560 0 210 710
3 sf-10 sth 144 123 59 241 567 0 270 8y
4 8f-23 sth 105 158 44 201 508 0 246 75°
D 1 orig 314 261 49 518 042 80 257 1200
2 of-152-sth 189 105 34 185 513 teace 223 136
3  pf-152-sth 97 62 ‘10 i35 304 61 225 543
4 pf-152 sth 187 124 48 221 580 59 185 76%
E 1 orig 135 121 30 287 573 61 225 798
of-183-sth 98 86 45 248 477 .- .- .-
E, orig 107 133 490 260 540 35 272 812
r{-183 rth 0 0 14 84 98 0 78 176
3 1 51 11 25 167 254 55 208 a6
a

The numbere between ¢f or af and rth or sth indicate days of storage.

A |
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concentration changes of lipoprotein classes. These qualitative changes fregu »il -

appear as concentration increases and decreases within any broad lipoprotein <lars.
without any net concentration change of that class. Iu all atudiesn cenducted at tem -

peratures above 0°C an uncontrolied factor was bacterial contamination.

Storage for even a few days at -28°C is associated with variations in lipopiroic i
concentrations and subsequent degradation. Quantitative studies of lipoprcteivn gic.
at this temperature would be extremely uacertain and most probably invalid.

For ali conditions of storage, degradation occuzrs primarily in the clans of lrv o
lipoproteius characterized by flotation rates of 5(12(10 06)20 to 400 {Procedure A) ox
sf(L 20)6l to 485 (Procedure B). This degradation occurred under experimental
conditions in which the principal variables were storage temperatures, small cycli .
temperature variations during storage, leugth of storage, rate of freezing and tanvr.
ing, and within certain limits, salt concentration. Two of these varigbles, stoezro
temperature and length of storage, in particular appear to play a prominent role i
lipoprotein degradation. It is important to cousider how these variables may be in-
velved in lipoprotein degradation in order to form a basis for further inveotigations
to determine the optimal conditions for lipoprotein storage.

Possible factors reoponsible for the observed effects as a function of temperatu:
of storage and duration of storage may be listed as follows:

{a) microbiological activity

{b) crystallization of water in lipoprotein solution or serwn, including

(1) crystallization of "uabound” water
(2) crystallization of "'bound ¥ water
- {3) development of local elevations in lipopre»teiﬁ concentraiion

(c} molecular rearrangements withio the lipoprotein.

At temperatures 2bove 0°C in particular, we cannot exclude microbiological acli -
ity, since wo antibiotic was used. In contract, for storage at temperatures below 0%,
microbiological considerations become secondary to considerations involving the
crystallization of water in 2 lipopretein solution or serum.

Such factors as storage tempefaturea duration of storage, rate of freezing, «fc.,
associated with the degradaticn of lipeproteins are also keown to influence the forma.
tion, structure, and growth of ice crystals. It would thus be reasonable to suspect
that there may exist some relationship between the degradation of lipoproteins and
the formation and structure of ice crystals either in their aqueous environment (un-

bound water) or in their striciural ox bound weier comteut, It is difficult from our
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experiments to determine which type of water, bouand or unbound, upen crystallir»
tion is more important in the degradation of lipoproteins. However, in this diccu:
sion we will consider how chaunges in each might cause degradation of lipoprotein
molecules, Crystaliization of the water might cause mechanical distortion ox sau:
ing of the lipoprotein molecules, particulariy the larger ones, If this were the ce3
we .vmuld have expected a significant degradation of these lipoprotein meolecules +'b
subjected to a single freeze-thawing process. Instead detectable degradation
occurred only after several freeze-thaw processes. Heuce, initial crystallizaticn .
unbound water alone may net be the crucial factor in lipoprotein degradation. ¥Thi-
leads us to comsider the crystallization of bound water as a factor in the degradztic
of lipoprotein molecules., The bound or structural water refers to the water of by
dration; this is a prominent component of the lipoprotein molecule, 9 The travsforz--
tion of this water inte 8 crystalline form could lead to the disruption of the ‘ipoproi :
molecule and to the oboerved degradation. However, muitiple {reeze-thawing or p -~
longed storage ie mecessary to produce the harmful changes in the bound water, un-
bound water, or both,

In the course of the freesing process and subsequent storage, loczl elevations °
lipoproteie concentration coulid develop anc thus influence the stability of lipopreotei
molecuies., An cccasional phenomenon we have come upown in some of our studies
suggests that this ic not 2 factor in degradation. In a few sampies of sexum stoved
&t a temperxaiure between -5 and 0°C, we have observed 2a apparent separation of
two phases, one of ice crystale and the other a gelatinous sediment. After carefully
separating the two phases, we have found that the ice phase had a deusity at 20%¢c
between 1. 0048 g/mi and 1. 0056 g/ml. Direct analytical ultracentrifugation of thio
phase indicated the presence at low conceuntration of some sedimenting material of
high molecular weight. The gelatinous phase was only partiaily soluble in NaBr
solution {(deasity 1.20 g/mil). Ultracentrifugal analysis of this solution revealed
a lipoprotein spectrum qualitatively similar to the original wnfrozen samples. Hov -
ever, there was a2 leso of approximately 25% in total lipoprotein conteni, which may
be aocribed either to the difficuity im haandling this gelatinous phase or to actual dey-
radation. Yet, if local elzvations in concentration were 2 major factor im lipoprofcic
degradation, we would have expected a much greater loas.

Finally, otructurzl changeos in the lipid or protein moiety of the lipoprotein molc-

cule may bz a facter in the degrzdation process. For the lipid moiety, at these low
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temperaturee, this would depend on the crystalline characteristice of th: lipic
structural units as well as the manner in which these units are held togather in O
intact lipoprotein. It is interesting to note that the least stable lipoprotein mole
cules are those having a high lipid (particularly glyceride) content and a low wrafc
coatent,

. One or a combination of scme of the above factors may play a crucial role iu '
obgerved degradation of lipoproteins under the aforementioned coanditions of fxecy
ing and storage. Determination of the ¢rucial factor {or factors) in such degrads -
tion and its subsequent comtrol weould make possible prolonged storage of lipenrai-.!

with minimal alterations of uliraceuntrifugal properties,
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