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Densities of Collagen Dehydrated by Some 
Organic Solvents 

Unswel l ing of collagen gels in organic solvents  results  
in considerable  volume changes.  In  our  previous  work 1 we 
followed these  volume changes,  among  o the r  quest ions,  
and  found  the  values  given in the  Table.  

The effect  of a l iphat ic  alcohols indef in i te ly  soluble in 
wa te r  increases wi th  increasing n u m b e r  of ca rbon  atoms.  
Unswel l ing in m e t h a n o l  gives rise to increase of gel 
volume in spi te  of the  fact  t h a t  dehyd ra t i on  takes  place, 
The grea tes t  volume changes  occur dur ing  unswell ing in 
acetone  and  dioxan.  

The influence of ace tone  on collagen was s tudied  by  
HEIDEMANN and RIESS 2. They  found t h a t  exhaus t ive ly  
d e h y d r a t e d  collagen exh ib i t ed  a s t r ik ing increase of 
dens i ty  up to  2.0 g /cm 3 and  were able to derive some 
conclusions for s t ruc tu ra l  changes  of ace tone -dehydra t ed  
collagen. In  th is  work  we t r ied  to ex t end  th is  observa t ion  
to fu r the r  solvents  and to  f ind out  whe the r  a correla t ion 
exists  be tween  densi t ies  of collagen prepara t ions  de- 
h y d r a t e d  by  organic solvents  and the  volume changes  of 
collagen gels unswelled in t he  same solvents.  

We  used insoluble collagen f rom bovine  skin. Soluble 
collagen was r emoved  by  ex t rac t ion  wi th  c i t ra te  buffer.  
D e h y d r a t i o n  was carried ou t  e i ther  by  repea ted  ex t rac-  
t ion  of insoluble collagen in the  cold or by  exhaus t ive  
ex t rac t ion  at  a t e m p e r a t u r e  of 30 ~ Densi t ies  of collagen 
p repa ra t ions  were de t e rmined  b y  means  of the  appara tus  
used b y  Brunauer ,  E m m e t t  and Teller for de te rmina t ion  
of adsorp t ion  i so therms  similar  to the  work  of HEIDE- 
MANN and RIESS s. 

The densities of collagen preparations obtained by 
dehydration by solvents in the cold are given in the 
Table. 

Density of collagen dried in the air or by lyophilization 
varies from 1.3-1.4 g/cm s, as has been shown by several 
authors 2,4-s. Consequently, it is obvious that dehydration 
of collagen by ethanol, n-propanol, acetone and l:4- 
dioxan under mild conditions causes only a little increase 
in density and their effect is about identical. On the other 
hand, by dehydration with methanol and n-butanol a 
considerable decrease in density occurs. Whereas the 
decrease in density of collagen dehydrated by methanol 
corresponds to the volume changes of collagen gels during 
unswelling in methanol, the density of collagen dehy- 
drated by n-butanol is lower than could be expected from 
the unswelling power of n-butanoL It is possible that a 
certain effect may be attributed to water-collagen-solvent 
interaction. 

The results obtained by exhaustive extraction were 
analogous except for the extraction by acetone and 
dioxan. Density of collagen dehydrated by acetone was 
1.81-1.92 g/cm ~, which is the value corresponding to the 
data given in the work cited above 2. Density of collagen 
dehydrated by dioxan was 1.61 g/cm 3, this fact indicating 
that structural changes evoked by l:4-dioxan were less 
considerable. 

Some of the collagen preparations were subjected to 
analysis by the X-ray diffraction method with the aim 
of determining the side chain distance. The preparations 
dehydrated both by cold extraction with propanol and 
by exhaustive extraction with the same solvent had the 
side chain distance of 11.60 A. This value indicates that 
no structural changes in collagen occurred. The distance 
of sidechains of collagen dehydrated by butanol was 
12.10 A; this result confirms the data obtained by density 
measurements and indicates that a certain loosening of 
collagen structure takes place. 

SpeciMia EXPERIENTIA X X l I / 1 2  

Considering the  resul ts  given here,  i t  is possible to  
suggest  t h a t  a correlat ion exists  b e t w een  vo lume changes  
of collagen gels unswelled by  organic solvents  indef in i te ly  
soluble in w a t e r  and the  densi t ies  of collagen p repa ra t ions  
d e h y d r a t e d  b y  an exhaus t ive  ex t rac t ion  wi th  the  same 
solvents.  

Collagen d e h y d r a t e d  by  acetone and  d ioxan exhibi t s  a 
t igh ten ing  of s t ructure ,  the  inf luence of the  la t t e r  no t  
be ing so significant .  Methano l  and bu tano l  exh ib i t  all 
oppos i te  effect  on collagen. As shown b y  dens i ty  measure-  
m e n t  and  the  X - r a y  di f f ract ion me thod ,  a loosening of 
s t ruc tu re  takes  place mani fes ted  by  the  enlarging of the  
d i s tance  b e t w een  side chains s. 

Solven t  Vol- Dens i ty  b M vol- X - r a y  d i f f rac t ion  a 
ume~ nmeo d~ d b do A 

Methano l  121 

E t h a n o l  71 

n - P r o p a n o l  36 

n - B u t a n o l  55 

Ace tone  12 

1 : 4 - D i o x a n  13 

n-Propanol e 
n-Propanol 
n-ButanoU 

1.11-1.17 3689 3888 

1.41 3060 
1.39-1.44 2998-3105 
1.18-1.28 3372-3657 
1.42-1.48 2916-3039 
1.43 3018 

1.15 2.80 4.85 11.60 

1.15 2.80 4.85 11.60 

1.10 2.20 4.90 12.10 

a Volume of collagen gel, % of original volume, exposed to unswelling 
for 10 rain. b Density of dehydrated collagen g/cm 3. ~ Volumes of 
collagen molecules cm s- 10 TM, calculated from the density of de- 
hydrated collagen preparations aud molecular weight of collagen 
260,000L a X-ray diffraction and side chain distance of collagen 
preparations. ~ Extraction in the cold. ~ Exhaustive extraction. 

Zusammen/assung. Der Einf luss  yon  organischen L6- 
sungsmi t t e ln  auf die Dich tever / inderungen  des Kollagens 
wurde  geprtift .  Methano l  und B u t a n o l  f i ihr t  zur S t ruk tur -  
auflockerung,  Ace ton  und  Dioxan  zur  S t ruk tu rverd ich-  
tung.  
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