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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 a.t three different temperatures: between o30 

and -Z6°Co between -5 and 0°C0 and between 0 and +4°C. Adequate preoerva .. 

tion of lipoproteins stored as serum at a temperature between -5 and 0°C was 

maintained for a period of 4 weeks" between 0 and +4°C for a period of i:wo weeltoo 

and between -30 and -26°C for only a few day~. 
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INTRODUCTION 

Several investigations on the effects of freezing on human serum lipoprot2L.: 

have been reported in the literature. In on.e investigation a comparison of the 

extractability of lipis with ether was made between liquid and frozen lipoproteit~ 

solutions. 1 In other studieo. the extent of lipoprotein change due to freezing and 

storage was investigated by noting the alteration in solubility~ 2 p 
3 The effecto of 

freeze-thawing and storage on the ultracentrifugal properties of lipoproteins hav, · 
4 5 

also been reported. 9 However, these observations were limited to the study 'J:' 

only one lipoprotein group and were carried out over only relatively short periocl t 

of time. This paper reports (a) the effects of freeze-thawing and {b) the effecte o" 

freezingo prolonged storage, and thawing on the ultracentrifugal properties of <?.11 

th.e major classes of hwnan serum lipoproteins" 

EXPERIMENTAL PROCEDURE 

UJ.tra.centrifugal Isolation 
---·-- - -- ··--~----

Isolation of the serum lipoproteins waa accomplished,.by using one o! two pr.c-
6 '7 

cedures; A and Bo Ea.ch of these p:rocedt!!'es a!lowed complete study of all the 

major claooes of serum lipoproteinso The advantage of P:rocedure Bo developed 

during the experiment, was its comparative simplicity and modest serum requ.ip ~ 

mentso 

Procedure A 

For isolation. of low-der .. aity lipoproteinev serun'l wan diluted with an equz.l ~ro~. -

ume of NaCl solution (Pzo;4o :::: l. 1172 g/ml)o yielding a protein and lipop;:o~eiu-6· 

~ -
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solution «backg!!'oullld) of Pzoj4o = 1. 06 g/mL 

For isolation of ifttermediate high~density lipoproteins 1HDL-Z)9 ceru.m vn.·-: 

diluted witb an equal volume of DzO ~ NaN03 solution of Pzo/4.o = L 2.429 g/ml~ 

resulting a background solution of Pzoj4o = 1. 1Z5 g/ml. 

For isolation of total high-density lipoproteins (HDL-2. and 3)0 serum was 

diluted with an equal volume of n2o ~ NaN03 solution of Pzoj4o = L 3895 g/mlv 

yielding a background solutioft of P;:,oj4. = L ZO g/ml. 

Procedure B 
For isolation of the total serwn lipop~oteins 0 Z ml serwn9 0. 94 ml of N~C). 

oolution of Pzoj-lo -..: 1. 0060 g/ml0 and 3 ml of Na.Br solution of p?.0/4-o :::: l. 3895 rv/r ' 

were mixed together9 yielding a background solution o£ Pzo;4 o ~' 1. 205 g/mL 

For both procedtn:esv the above serum solutions were ultraceY))tt•ifuged foY' 2'!, 

hr at 40!) 000 in a. Spin.co Model~L ultracentrifuge using a 40. Z rotor. Roto,. teem~ 

perat11re was maintained b~tween 18 and 20°C. After ultracentrifagat:iO\t1 th!!! rc'.'ft ; 

tive lipoprotein fra.ctionse. concent:a-ated in the top of the 6-ml preparative tube ·;f1: •. ' 

of the serum proteine)9 were quantita.ti'Wely r~moved with a capillary pipette iHf'o a. 

1-ml volumetric tube. 

Ultracent:rif,tgal Analysie 

Dete~minationra of flotatiol'il. rates and conceii1.tration.s were carried out in a 

Spinco Model-E aualytical ultracentrifuge. Lipoprotein classes were classified 

according to their flotation rates in the media used in the above p1:'0C4~du.res. I1>1, 

Procedure A 0 the lipoprotein classes9 measured according to the establish~d low~ 

density claasificatio-o. ~with flotation rate versus conce~tration a.v.d Johiu~ton-Ogotm.: 

correction) were: J;(l. 06) 100 to 4ro0 20 to 1009 12. to 200 0 to 120 HDL-Z0 and HDJ .... -2 

and 3. In Procedure B9 the corresponding lipoprotein classes were9 respectively. 

sf«l. ZO)l85 to 485; 61 to 185; 44 to 61; 16 to 44 and 0 to 6. 1111 Procedure AD the lov;

denaity lipopl!'otein clasoes .are distributed between s~u. 06) 0 and s~~l. 06) .roof) wbid:· 

iD Procedure B correspond to lipoprotein classes betweeo. Sf(L ZO) 16 a~td Sf(l. ZO) 

485. Similarlyv the sum of both HDL-Z ao.d HDL-3 evaluated in Pt·ocedure A corrc~ > 

spond to lipoprot~iWBe of Sf(l. ~O) 0 to 6 mea£Hl:!t"ed illl Procedure B. 

In, Proce.duli"e A 0 the standard ~li."rO-,;'S of the m(:a.surement fo"l' the clanses of Hpo 
. 0 0 0 0 

protelills Sf 0 to 12;0 Sf lZ to Z0 9 Sf a!O to 100~ Sf 100 to 4009 HDL··Zo and HDL~Z '- 1.cl 

3, are l9v 169 ZZ 0 3~0 3. 6f) and 10, t•eaped.ivdy. A cOFl"dation coeffidetr.t of Oo 60 

bas beea d~mol:ltotR2.~:::d bet•-·em~ th: mc..c.D r»f *'.he oampJ.£,w of ~SZ d.uplkate d(;:t~rmh ~-
. , ,..o ~, . .. e 

ti.on.s '"(,:t'fH.lG t},t c:>'l'·.":' n':: r.··.:·.· , t. ·,~ •.• , ,_·., ;,;-~, C''li-:.':'~1:.!-~u l"". ti1c o:>r 10 to 400 4-::~:.:Jc 



measured. Therefore it is re:aeouable to ('!xpreso th~ ~bo'v~ ot1.~.ndc:u:d ~i"''o ·:; <-: ~

centage errors by dividing them by their respective m~ano. They "-re 7%" 3~/o,, .:;· o. 

lZ%1) 6"/oo and 4o/o0 reopectively. 

In Procedure Bo duplicates have been ruu 0 and the results are given as an:··'·'"'· 

together with average deviations. 

Materials 

Two-milliliter aliquots of serum and 1-ml aliquots of lipoprotein solutio110 inr 

lated by Procedu.re A were pipetted in.to 10-ml and 5-ml screw .. cap viale;v raap,H.: 

tivelyo which were carefully sealed under nitrogen. 

Freezing Processes 

For rapid freezing {r. fo )0 the vials containing serum were dipped it1to dt''.:' ; 

and acetone for 50 sec. Vials containing lipoprotei\1 solutions were dipp~d fo,· "'· 

For slow f~eezing (c. L )/) the vials were set in a deep freeze (-Z8°C) for 1 hT. 

both proceseeov a final temperature of -28 21°C was :reached0 as checked wifr. 2 

copper -cons tau tan thermocouple. 

Thawing Process!! 

For rapid th&wing (r. th. )0 the viala containing st:rum were placed in. a w·a'.tc:· 

bath at +37°C fo"K" 120 oec and those containing the lipQprotein solutioua for 60 !Je( . 

For these conditions each oolution reached a temperature of Z4 :t: 1°C. For alo,•· 

thawing (s. th. ) 0 the vials were left at room temperaturre (~4 :i: Z°C) for 1 h!'v at 

which time temperatl\l'e equilibrium had utJually be.en :~reacb~do 

Storage 

The effects of storage were otudied at three temperatw:eo; (1) betw,~en -30 e.tJd 

-Z6°C; «Z) between -5 and -t0°C; and (3) between 0 and +4°Co Solutiou d~nsitien 
were dete:e-mined with a 1-ml pycnometer an.d pH was measured with a Model H-?. 

Beckman pH meter. 

RESULTS 

Serwn 

Table I presents t.V:le results of freeze=thawing of serum. Repeated cydec (.f c-

1 to 3 times) of either rapid or slow freeze-thawing of sertun pr.'oduce no ~:;ignifit;<:':'' 

changes in either the conce!lltration or in the flotatiO'h'l ~ateo of th~ major daoc€a r-.~ 

serum lipoproteiv.s 0 with ~he exception of the HDL-Z claaso Frequ.entlyv aft<~r ot.< 

tl'e~tme9lt0 email amounto of insoluble mz:>.te!~ial appeared which may have ~ot:,sir: ·- . ( 

of denatured serum p!'oteinnv chylomicron.a0 o~ botho Howe~'eV.0 thin mat.erial d-:,~ 

uot represe~lt degraclnticn ~£any of tll~ m~G\.nu:l:'ed cl'-oseo of oe:r-wn lipopr:>teit1:J, 





thawing procesop (:hel1 effedi'J of storage in a deep-freeze at temp~ratureo i:K;tt:·: . · · 

-30 and -Z6°C w0:re otudied in combination with each of the free;zing and tb?x.r!-.>·• 

pr>lcesses «rapid at:.d slow). Daily aftalyses of sampleo €not presented) reve~i.r.:d 

nc lipoprotein f;oncentra.tion change a until after 7 daye of storage. Table II pt·e · 

sente the results of storage from 7 days to ae long as 1 year o Although some !.i;: 

prot.ein chang~s were observedv no significant differences in degradation were c·.:: 

&ei.·ved to reEiult from different rates of freezing and thawing. In geileralr o'l·~:. . .~ 

reriod of otudy there was a eignificant decrease in moat of the lipoproteii;l d-...c ~;r, . 

However 0 a consistent but transient elevation in concentration of HDL-2 wac ob· 

oervted after 7 days of ctorage. 

Tables XIIl lVo and V present the results of a comparative study of fltoll:'a.r,c ,._: 

tbr~e sera F 0 Go and H9 using Procedure Bo at temperatu:r.'es between -30 av.d · 6' · 

between -5 and 0°C0 and between 0 and +4°Cv respectively~ 
At tempera!;ui'es betweeft -30 and -Z6°Cn lipoproteins with flotation ratec c- 1:-c 

S£(1. Z0)61 were more rapidly degraded and showed more extensive degradatio!'. c. · 

comparable periode of storage than lipopzooteina 'With flotation :rates l~so thav Sf; 1 _ • , 

61~ In contrast& the Sf(L ZO)l6 to 61 as well m.s the Sf(lo ZO)O to 6 lipoprotein dac• · ... 

showed relati:ve stability to ctorage between these temperatureso After 6 mo'd~·u:, 

the change observed in the Sf(lo ~O)O to 6 class was a decrease iu (:OthCt:iiltr.atio~ c., 

mounting at most to 30croo 

At temperatureo between -5 acd 0°C0 all lipoprotein cl&osee appeal' to be otr!bj-

for a pedod of at leaet .Z8 dayso Thes:eafter 0 the Sf(L ~O)l6 to 61 and Sf~lo ZO)O ~o 6 

lipoprotein claoses appear to be more reoietant to degradation than the other Upo .. 

protein classeso After 11 to Z8 days of atorage 0 the Sf(l. ZO)O to 6 lipoprotebn dacr: 

ahowed eome qualitative changes not evident in Table IV. These changes wei"e ~-. 

broadening of the lipoprotein distribution with an increase in the flotatiou. rate of 

the major peako 

At temperatures between 0 and +4°C9 all lipoprotein claoseo appear to be a~.z.:::! · 

fo~ a period of at least 14 dayso Thereafter 0 there is no consistent pa.tte~ of d~f' · 

radationo Howeverv after 7 to 14 days of storageS) the Sf(lo ZO)O to 6 lipoproteit? d;:tw 

showed n b:roadening of the lipoprotein distribution with an increase! iD the flotaticY 

~ate of the major peako 

Lipoprotei'f}. Solutions 

Tabl~s VI and VII pres~nt the i'eeulta of fi'ee.zecthz.win.g of lipoprotein solation;:; 

Lipoproteins in oa.it Dolution £ppeax- to be ao etabk as lipop:t•oteit!o illl oe~um £ftc:~ 



Table ll 

0 0 Storage of Serum at a temperature between -30 and -2.6 C 

. S~.e:rum concen.tration «mg o/o) . .o 
s f(l. 06) 

J 

Serum Treat- ·mo to 4ro 2D to roo lZ to 2lO 0 to U Total HDL~ HDL~Z & 3 a 
0 to 40C ment l..i 

A 1 orig 50 64 66 303 483 37 350 8F 
z rf·7 rth 69 104 67 Z78 518 47 334 l 'j 

3 rt-90 rth 49 83 51 ZZ6 409 37 310 ·• 1 n 
~ .!. i 

B 1 orig 127 248 82 315 77l 40 ZS6 lC/G 
z of-7 sth 166 19Z 67 Z70 695 73 Z90 c; 3' 
3 efu.2.00 sth 16 62 44 Z31 353 27 Z26 ~e 

4 s£~385 oth traces traces 1.7 2.30 2.57 191 ~ ·~J 

c 1 orig Z34 2.00 39 lZl 594 58 ~58 ns: 
2. rf-7 rth 168 160 34 110 47~ 69 2.38 "' 1 -, 

3 rf-187 r_tb 83 99 54 198 434 76 ~49 h'' 
4 rf.-369 rth 7 10 2.7 zzo Z64 219 <a· 

D 1 orig 314 2.61 49 318 942. 80 ~58 HOD 
2. rf-7 rth ~56 143 39 2.85 72.3 119 ~7l ~95 
3 rf-180 rtb l41 159 35 ~36 671 87 278 ~.I"(" 

~ ' 
4 rf-343 rth 95 so 39 220 434 sz 186 6i.C.1 

D 1 orig 146 141 51 313 651 57 2.37 888 
z sf-7 eth 135 tat 30 2.87 573 61 22.5 798 
3 s£-7 rth 107 133 40 2.60 540 35 272. 81:. 
4 of-180 sth 1Z7 74 50 2.73 52.4 84 180 70~ 

5 o£ .. 343-sth traces traces 35 Zl8 ~43 187 430 

a The numbers between rf or sf and rth or eth indicate days of stora.geo 
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Table III -0 0 Storage of cerum at a temperature between -30 ar..d -~6 C 

l Seru.m concentration ~mg o/o) 

L 5£(1Q zo) 
------------~ 

Se_.um Treai_- I 185 to 4'185 61 to 185 44 to 61 16 to 44 Total 0 to ft 
ment 16 to 485 0 ;r- ' 

F 1 orig 13Z :t: 5 515 :1: zs 56 :t: 1 295 :t: 9 998 :t: 20 268 :!: 8 1.'6) .. ' 

z 7 159 :t: 3 l5Z * l ~0 :A:~ ~~7 * 7 558 * 9 Z65 *f.. B,,(-._ •. 

3 14 183 ~ 8 lZS :t: 5 13 :t: 5 235 :t: 5 666 :t 12 Z60 :1: 7 " ' .i ... ·) 
4 Z8 145 = 5 140 :t: 7 Z5 :t: 3 Z40 :i: 9 550 :11: 13 267 *" "! 

5 109 56 :t: 11 85 * 8 18 ::t 5 231 :t: 7 390 ::f: 16 l56 :1: ~ )•:. -' ·'. 

6 20 l 88 * 8 128 :t: 8 30 * 3 Z62 :t: 8 508 :t: 14 lOS :1: 10 ., :. -

G 1 orig 455 :t: 24 308 :t: 9 36 :t: z 205 = 7 1004 ~ 2.7 189 :t: 4· I ' ,. . 
-~ ~ , 

z ? 2.79 :t: 14 150 :t: 7 30 = 1 216 :t: 5 675 :1: 16 Z05 :t: 11 1}8 -~ 

3 11 179 :t: 8 172 ::t: 17 28 :t: 1 189 :t: 11 568 :t: lZ 196 ~; l 1 ~)-'_ 

4 Z8 l48 :t: 9 105 ;It; 6 l3 :1: z 195 * 9 576 * 14 19 5 :1: of: 76S 

5 lOZ 140 * 6 89 :k 4 !8 :i: 4 2.08 :1: 10 405 * 13 Zl;c; :=: 8 t)''('j" 

6 178 139 :11: 10 77 :t: 3 2.~ :t: 1 169 :t 8 409 ::t: 13 175 :i= 13 liB': : · 

H 1 orig 163::!: 5 z.es :li: 6 30 :t: 1 309 :t: 8 747 ± 11 Z39 :r: 6 ')86 :· 

z 7 Z68: 7 109 :t.: 6 Z3 :t:: ~ zsz :t:: 8 652!: lZ Z38 :.f>z '1 890 '(; '. 

3 Zl 139 :t:: 7 llO :tt 10 Z4 :t:: 3 260 ='= 5 533 :t:: 14 Z4Z :;: lZ 17~ :- . 
~ Z8 168 1Z8 Z6 307 62!9 248 377 

5 102 91 68 15 Z6Z 436 24.0 r)'7 6 
6 178 67 :t: 10 55* 5 17:!:3 Z50 x 10 389 = 15 Zl8 ::: 10 bO i :· 

a 
The number indicates the numbeR" of days of storage. The oamples have bEen booze·.:: 
and thawed alowly. 

,. 



Tab\~ IV _._.., ___ --- ---- -
0 0 Storage of serum at temperatures between ... 5 C and 0 C - -

L Serum concent:J;'ation (mg %) 
---·-' 

L 5 £(1. 20) 
61 to 185 44 to 61 16 to 44 -6 to 6 ------ -· Serum Treat- 1185 to 485 Toml 

, ..... , . 
... ' 

ment 16 to .ft85 (' . - -
-., _ _.,. ____ ......... ~ -- -

F 1 orig 132 :f:: 5 515 :!: Z5 56 ::t: 1 Z95 :t: 9 998 ::f: 20 l68 -!: 8 Ilb;· ·: 

~ 7 142 :t: 6 493 * 10 55 ::!: 1 303 :t: 6 993 * ~5 ;?,63 * 6 J /l'il, . ; ' .. 

3 14 134%4 501 * Zl 54~ z 318 :1:: 7 1007 ~ 2:3 Z63 :& 5 L~'iL 

4 Z8 136 :t: 4 506 * zo 56 :Z 1 296 ~ 6 994 :~::~,a Z56 ~ 4 !:~Sf' : 

5 109 195 :t: 15 349 * 19 48 :1= 3 ~83 :a: 5 875 ::t: .:£!5 Z06 ± 5 HHr 

6 201 148 183 44 261 636 Z05 B<ri 

G 1 olfig 455 :t Z4 308 :t: 9 36 * z Z05 x 7 100~ :t: 2.7 189 :k -1 ' J I; • 
l 7 461 ~ 17 :us* 11 33 :i: 2 Z23 :t:: 1 1035 ::f: ll 179 -k. 6 Ill'· :. · 

3 Z1 484 :t: 19 309 :§; 7 31 :t: 1 219 * 4 1043 :!: 1!4 l7l * 7 ld:L' .: 

4 28 497 * 17 307 * 7 35 ::t: 3 Zl9 ::t: 10 1068 * .{;1 199 :t: 5 li:b': .. 

5 10Z 343 * 19 Zl6 ::t: 6 33 :t 3 Zl8 :1}: 7 810:t:.U 142 * 6 95(. ·' 

6 178 219 :t: 16 128 :.'!: 3 Z8: Z 150 :1:: 5 5Z5 ~ 17 120 * 5 64~ 

H 1 orig 163 * 5 Z45 * 6 30 ± 1 309 * 8 747 z H 2:39 * 6 986 ~·~ 

! 7 171 :t: 6 l.79 * 3 . 30 :it ;t Z89 = 7 769 :~: r.o ~38 :2: 6 1007 :': , 

3 Zl 159 :J: 5 ~-66 X: 4 Z9 :A: 3 Z83 :t 3 717 ~ 8 l39 4:6 956' 

4 ~8 168 £37 31 3~8 764 ~16 980 

5 lOZ 138 179 Z5 308 650 190 8410 

6 178 87 :t: 8 !10±5 l5 ± 3 280 ~ 6 50Z ± lZ 17~ ± 7 671.! .': ... 

_... ___ 
~-



Table V ---
0 0 Storage of serum &t a tempel'aturEO betweeu 0 aud + ~ C 

Serum concentration (mg %) 

s£(1. zo) 

Serum Treat .. 185 to 485 61 to 185 44 to 61 16 to 44 Total 0 to 6 To;· 
meet 16 to 485 i) t:- I. ~ 

F i orig 13l :A: 5 515 :i: zs 56* I Z95 * 9 998 :i: zo 268 ;:: 3 .. .,..,_, . 
!.~•)J ; 

z 7 139 a 6 479 *- 19 57* z 290 ::t: 8 965 * zz 256 * 8 ll .. ,; 

3 14 1Z5 :1'1: 5 486 :1: 14 63 :ft: 2 312 ± 10 986 :i: 18 Z47 ± 9 1233 ~ • 

4 Z8 123 :A: 7 437 :.t 16 59* z 320 :t ll 939 :t Zl 236 :ft: 6 111 j . 

5 109 132 * 4 ~06 15 59 :ft: z 303 :k 14 900 :a: Zl 160 :t: 9 l"' . v .} ... 

6 201 133 * 5 400 14 68 :ft: 3 3ZZ::!: 10 923 :i: 18 223 * 9 u·· J . 

G 1 orig 455 * 24 308 ::1:9 36 * 2 zos :it 7 1004 :t 1.7 189 1:. 4 ll S'.:. ' 

z 7 460 :1'1: 11 3ll :t: 10 39 :t: z 238 :t: ll 1049 :t: 19 278 :t 6 1327 . 

3 Zl 420 :it 10 Z85 :j; 10 37 :t: 2 Zl8 :t: 6 960 :t:: 15 ZlZ :t: 5 117"~ 

4 28 4Z5 :lt 13 Z99 :i: 7 37 :i: z lZ4 :t: 3 985 :t 15 139 :!: 6 11~(: 

5 lOZ 75 :A: 15 96 * 16 ~9. l 16Z :t: 18 36Z :1: Z4 103 * 6 465 ~ 

6 178 34 * 16 71 *- 5 ~9 * 1 164%8 Z99 :&: 19 149 ~ 6 .{~8 :. 

H 1 orig 163 :t: 5 245 £6 30 :t: l 309 :.t 8 747 :t; 11 Z39 ~ 6 986 '· 

~ 1 160 ~ 4 Z53 :~: 14 31 * z 307 :C: 7 751 :A: ~6 Z36 :1: .fl 987 . 

3 Zl 171 27 174:1:7 37 :t: z :no= 10 147 * 13 143 :.: 10 990 :·. 

.ft ZB l4Z 167 35 Z7Z 774 l1t! 10<~6 

5 100 151! lZO Z9 ZZ5 710 ZZ5 935 

6 178 158 ~ 20 153 :i: 70 zz = 3 Zl4:t:l3 753 :tt: Z6 Zl4 :a: 13 967 
- . 
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Table VI 

Freeze ~thawing of lipoprotein in salt soluticuo 

Serum concentration (mgo %) 

Se~am Ti'eat-- s~ 2D to 400a so 0 ·. Zi)b Total LDL f t.O 
ment 

c 1 orig 65Z ::1: 30 Z83 :t: 15 935 * 5 

z rf rth(lx) 61Z :f: 35 Z85 :t: 17 897 :t: 18 

3 sf sth(lx) 621 :i: 45 280 g 15 90l ~ 30 

: The lipoproteins of this class were in NaCl oolu.tions ~Pzoj-4 :.:: L 007 e;/ml) 

The lipoproteino of this class were in NaCl solutions (Pzoj<G: ~ L 063 g/ml) 

Table VII 

Freeze-thawing of lipoprotein!!! in salt solutions ---.------
Serum concentra.tio1ll {mg ..%1 

0 

. . J 5f«lo 06) 
Treat- lOO ~0 400 1D tom u ~0 20 0 to lZ Total ·rDL~ HDL~Z & 3 Tvl.al 
ment 0 to 4.00 Lipop1l"o~ ::- i· : 

orig 1Z7 Z48 8Z 315 77l 40 156 1018 

Gf sth(Sx) 137 260 89 Z90 776 0 Z74 lOSO 
rf rth(lOx) 166 130 Z4 116 436 0 266 70;-~ 

orig 166 l9Z 67 Z70 695 73 290 985 

sf cth(Sx) 135 147 54 Z85 6Zl 0 300 9ll 

rf rth(5x) 178 174 58 Z65 675 .i4 309 96. .. ~ 



ucnL 8~J· · 

repeated processes of freeze~thawing. In oll'der to detect a~y ei.gnificant d2en~.· · 

tioun free:p;e thawing must be :!'epeated from 5 to 10 times, However 0 once de:g::-:' 

tion appearsv the actualloos of material can be very large. The HDL-2. lipopt>of·. 

class appears to be mot"e labile in a salt solu,tion than any other Hpoprotei!h dan 

when aucceoeively frozen and thawed. 

Tables VIII and IX present the results ·of storage of lipoprotein.s i~ salt solut"i; .. :;. 

between ~30 and -Z6°C. · After 10 days the total conc~ntratiou of S~«L 06) 0 ~o -100 

class has decreased by approximately io to 30%. The ~~l. 06 ) 20 to 400 da.se s~c·:·, · 

an earlier degradation than the ~«l. 06) 0 to ZO class. In addition0 these data nh'o,·· 

a lability of the HDL-Z lipoproteiu class. 

When the two different rates of freezing and thawing a?e investigated in. c:onn.t~"' 1 · ., 

with storage 0 measurable differences do appear for lipoproteinu in specific Na(.;j_, 

media (Pzo/4 = lo 007 g/ml for S~«l. 06) 20 to 400v and L 063 g/ml for S~~L 06} 0 tc : ' 

class) •. In such lipoprotein solution.se th~ application of rapid freezing and thawi:.- e: 
appears to produce more extensive changes than those produced by olow freezinB 

and thawing. Comparisons of the average values of S£(1. 06) ZO to 400 lipoprotein~; 

iu stored samples eltposed to the rapid process ~Samples 3v 7 0 and 10 in Tabt(e IX} 

and those samples exposed to the slow process (Samples ZJ 6v nnd 9) with their o~ri•J' 

ual unfrozen valueo ohowed a 34o/o loss for the l'apid proeeso and a 15"/o lose for the 

slow processes. Tbio a"ggests that storage of this lipoprotein grou..p a.ftElf rapid 

freezing provokee a faster rate of degradation than stol"age following a slow frettzi!:>p. 

process. 

The possibility that variation in pH with storage might be l'e:sponsible for thea ob ~ 

served d~gFadations was checked. Several measnr~mente carried out at th.e begin

ning and tba'oughout the exp~A"imental p~riod in eamplee containing v.o n.itrosen sho"""'' ·d 

~o pH changes. 

DISCUSSION 

Our ~xperiments lead to a definite condusiou11 important from the practical poir · 

of viewo fo"E the storage of lipoproteins in clinical iaveotigations. The l'eou.lts htd~ 

cate that storage of serum at a tempel·atu.re betwee~ -5 and 0°C assures pi:"eoervc. 

tion of bwnan serum lipoproteins for a pe;,oiod of at leact 4 weeks. 

Storage of serum at betY.veeu 0 and ?4°C fog- as long as l we~ks also reveals n.o 

quantitative or qu.ali~th·e chai'J.ges in the: lipopro~ein patterft. Howeverv after l wc;rlt! 

of sto1!'age at this temperature qW'J.litative chan,!J4'!S may be observed prior to oip.ifs ar.. : 



Table VIII 

Storage of lipoprotein in salt solutions 
0 60 at a temperature between -30 and -4! C. --

I Serum concentration (mg o/o) 

lreatmenta I s~ 2ri to 400b 
0 Total LDL Serum sf 0 to 1D 

-- --------
c 1 orig f.~~· ~78 903 

z sf-10 sth 478 303 ·ru 
3 rf-10 rth 386 Z49 635 

4 rf.,.~Z-rtb 460 ~65 7l5 

5 rf-2Z-sth 479 Z34 713 

6 sf-Z3 sth 516 Z61 111 

7 t»f-Z3 !'th 481 235 7~6 

8 sf-23 rth 588 2.78 866 
9 sf-33 sth 610 253 863 

10 r£.,.33 :rth 418 26-6 68:l 

11 :d-181 sth Z86 101 387 

12 sf-181 sth 331 Z39 570 

a 
b The numbera betweem rf or sf a0.d rth OF sth indicate daya of storage. 

See notes beneath Table Vlo 
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Table IX -- --
Stol'age of lipoproteins in salt soluti'l,nEl 

at temperati.U'es between .. 30 and .. z6 Co 

.J_ Serum Conceu.tration jmg %1 I 
5 £(lo 06) 

Sel"um treat- 100 to .(00 Ill to 100 lZ to Ill 0 to li To~l rL-.i! HDL~.:?. &3 To··· a Lipof;: · · ment Oto® 

B l orig 127 248 82 315 772 40 Z56 1 .') '8 

z 'f'£ .. 7 rth 156 2!08 75 t!70 709 ·o Zl7 9t6 

B1 1 orig 166 19Z 67 Z70 695 73 2!90 -;rJr· 

z rf-10 rth 147 136 58 219 560 0 210 r!ll 

3 sf .. lO eth 144 1Z3 59 ,~41 567 0 270 8?·l 

4 ef~Z3 sth 105 158 44 4!01 508 0 Z46 75: 

D 1 orig 314 Z61 49 :-as 94Z 80 Z57 uoo 
z of-15Z-sth 189 105 34 185 513 trace ZZ3 736 

3 rf-15Z-sth 97 6Z 10 135 304 61 zzs 5~9 

4 rf-152 sth 187 1Z4 48 ZZl 580 59 185 76'; 

E 1 oris 135 121 30 2:87 573 61 2Z5 '198 

ef-183-sth 98 86 45 2!48 t!J.77 

El 1 orig 107 133 40 Z60 540 35 .l7Z Bll 

z r£ ... 183 rth 0 0 14 84 98 0 78 176 

3 su 51 11 zs 167 254 55 208 A6?: 

--·-
a The l!l!wnbe~s between i'f or sf and :rth or sth iillldicate days of stc~Ageo 



concentration changeo of lipopi'otein. claoaceso Tb.eee quc~litative changes fr~qu.- ''~':T. -

appeal' a.s c:oucentraticn increases and decreaees within any bl"oad lipoprotein. t::~ f\-~ s _. 

without &ny net concentration change of that classo In all otudieo cc-~d&!cted at t~Z:m

peratures above 0° C an uncontrolled factor wao bacterial contaminationo 

Storage for even a few days at -28°C is associated with va.riationo in lipop::oi! : _ 

concentrations and oubaeqt.\-ent degradation" Quantitative studies of lipoprct~i!-n Fl!: _ 

at this temperatui'e would be extremely uncertain aud moot pl'obably invalido 

For all conditions of storage0 degradation occurs primarily in th~ clzws of !F t r• 

lipoproteins characterized by flotation rates of S:(lo 06)zo to 400 (P1roc1!duzr"!! A) o~ 
Sf(l" Z0)61 to 485 (Procedure B)o This degradation occurred uader expeiCirnenreJ. 

conditions in which the principal variabl~s were storage temperatu.res 0 small q•t .::.: 

temperature variations during storage0 leugth of stora.ge 0 rate of freezing and ~::P.'.":' · 

ingo and within certain limits 0 salt c::onceutratioa.o Two of these variables" att>!'z-.rw 

temperature and lf!ngth of etorage 0 in particular appear to play a prorninent role i

lipoprotein degradation" It io important to consider how these va:i'i&bles may b~ in"· 

volved in :Upoproteii! degradation in order to form a baois for furthei" itweotiga.Uo::.'!n 

to determine the optimal conditions for lipoprotein storage" 

Possible factoro :reoponoible for the obeerved ~ffects as a function of tempci'at~:.: · 

of storage and duration of storage may be listed as followl3: 

(a) microbiological adivity 

(b) crystallization of water in lipoprotein oolu.tion Ort' oerw:n~ includi'i\g 

(1) crystallization of "unbou.udn' water 

(Z) cry~:Jtallization of "bound~~ water 

· (3) development of local el0vatious in lipoprotein concentrntion 

(c) molecular rea:rransementc within th~ lipopr.oteitilo 

At temperatures above 0°C in particulalt9 we cannot exclude n'licrobiological ac::~i
ityo since no antibiotic was usedo In c:ontra.vt9 for storage nt tempe;ratuJ•ea b~low 0° .:..,_ 

microbiological consideratio~ae become secondary to co1u:sideratione iuvolv-i:ng th,-: 

crystallization of water in a lipoprotein solution or serwno 

Such factors as storage temperature9 duration of storege0 rate of freezing 0 d'c" ,, 

associated with the degradation of iipcprotei~s are also known to influence the form~· 

tiono strudureQ and growth of ic~ crystalao It would thuo be rcasoM-ble to uuspe~ct 

that there may exist some L"elationship betwt:•1;:.rn th~ ciegrad.':ltion of lipop~oteit'llG and 

the formation and otrudure of ice cryota.ls either in theh· aqueous elil'virownent «un

bound wateF} or in. thei~ sti' .adu.::.-a.l o~ bov.nd · wf: te:r. t::o>r.!,t:euto It is difficult fR"om ou~ 



expe?.imen~c to determine which type of waterv bound or unbound& upon cryEtaJJ=_r "

tion ie more important in the degradation o! lipoprotei1UJ~ However 9 in this dicu1: 

sion we will consider how changes in each might cause degradation of lipop:~?otei~ 

molecules. Crystallization of the water might cause :mech2.nical distoX'tion ot· ob~~' 

ing of the lipoprotein molecules 0 particularly the larger ones. If thia were the ~f-3 . 
we would have expected a significant degradation of these lipoprotein molectlles •-;r 
subjected to a single freeze ~thawing process. Instead detectable degrndatictTm 

occu:srred only after several fv.eeze-thaw proceases. Heuce 9 initial crystallizatim~ 

unbound water alone may not be the c!'ucial factor in lipoprotein degrad.D.tion. ·J·h:f · 

leadm us to consider the crystallization of bound water as a factor in. the decK"aili:Ji: 

of lipoprotein molecules. The bound Ol' structural water refers to tb~ wate1' of hy 

dration; this is a ·promin,ent com"()onent of the lipoprotein molecule. 9 The tz'auofon- · 

tion of this water into a crystalline form could lead to the disruption of the ".ipopr-ot· ' 

mulecule and to the oboerved degradation. Hcwever 0 multiple fi'eezc-thawiug or p .,. 

longed storage is necessary to produce the barn1.ful chaugea in the bound w&tt'!rv un~· 

bound water" or both. 

In the course of the free:r.ing process and subsequent storage 0 local elevatiou.a ' 

lipoprotein concentratioa could develop and thus imlu.ence the !Stability of Upopi'O~.t.: · 

molec111les. An occasi@u&d phenomenon we have com~ upon in come cf our studies 

suggesta that this io not a factor in degradation. In a few samples of oe&-um stoi'eC'. 

nt a temperature between ·S ao.d 0°C0 we have observed an apparent Bepa.re.tion of 

two phaees0 one of ice crystals awnd the other a geb,tinous aedime'lilto After ca.r~ful~-) 

sepa:goating the two phaee80 We have found that the ic~ phase hnd a denGity at Z0°C 

between 1. 0048 g/n'll and l. 0056 g/ml. Direct analytical ultracentrifugation of ~hi a 

phase indicated the pl'~oenee at low coru::entration o£ acme oedimenting materia! of 

high molecular v1eight. Th~ gelatinous phase was only partially ooluble in ~aBR' 

solution (density 1. ZO g/ml). Ultracentl'ifugal analysis of thin solution revealed 

a lipoprotein op~c:trum qualitatively similar to the origin2.l unfr>ozen sampl~o. Hc,··-

evero there was a looo of approximately 25o/o in total lipoprotein content0 w1'lich ma11 

be aol'!ribed either to fthc difficulty in handling this gelatinous phase o:t" to at:tual de,<: 

A"adation. Yet~ if local ehwations in concentration were a major factor in lipopro~ch' 

degradationv we would have eltpected a much greater loaso 

Finally9 otrudure.l cha~geo in the lipid or pxotein rr•oiety of the lipoprotll'1in mc:w

e;ule may be a facto:!!" in the :i~grz.dC\tion p~occ:HlS 0 F'o:r the lipid moi~ty0 at th~se low 



tempe!fatUl"es 0 this would depend on the cs:ystalliue charadeiri~tic::e of tb. ~ lipi::l. 

stR"uctural units as well ao thfl mannter in which these units are beld togathe1: ~::;). ti 

intact lipoproteino It io inte&-l!eting to n.ote that the lea.ot stable lipoprotdn mck 

cu~es are those having a high lipid (particulaFly glyc~ride) content a11.d a low -oro'':· 

Contento 

One or a combination of some of the above iactoro may play a crucial :role it• '~

obeet>ved degradation of lipopa-oteins under the aforementioned coudition.:J of b~::~· 

ing and etorageo Determination of tb.e crucial factor (or factors) in sud-. d~ff!:Oa.d.r -· 

tion and its subsequent c·ollltrol would make poosible prolonged storng(; o: lipo;:>~·o~ < 
with minimal alterations of ultraceutrifugal prope:i"tieso 
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