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An Empirical Relationship between Intrinsic 
Viscosity and Frictional Ratio 

E i n s t e i n ' s  r e l a t i o n s h i p :  

~ =  ~o(1 + 2.5 G); 

in  wh ich  W a n d  % r e p r e s e n t  t h e  v iscos i t ies  of  a su spens ion  
a n d  of t h e  d i spe r s ion  m e d i u m  r e s pec t i ve l y  a n d  G t h e  
v o l u m e  of t h e  s u s p e n d e d  par t i c les ]100  m l  was, for  m a n y  
years,  a s s u m e d  to  be  correct .  Th i s  was  m a i n l y  due  to  i t s  
c o n f i r m a t i o n  b y  E m m H  a n d  GOLDSCHmDt a n d  b y  
EIRICH, BUNZL a n d  MARGARETHAi 

These authors measured the increase of viscosity by the 
addition of tiny glass spheres %o media of high density 
into which file glass spheres did not settle. Einstein's 
equation was also confirmed in a similar manner by 
CHANG and SCHACHNIAN s who 8/lso used microspheres of 
known diameter. In both instances use was made of 
Particles which were very large when compared to protein 
molecules.  S u c h  par t i c les  wou ld  show- v e r y  l imi t ed  
B r o w n i a n  m o v e m e n t .  W h e n  t h e  e q u a t i o n  of E i n s t e i n  was  
t e s t ed  o n  so lu t ions  of  p ro t e in s  of k n o w n  m o l e c u l a r  
Weights a n d  f r i c t iona l  ra~:ios, i t  was  o b s e r v e d  t h a t  t h e  
r e l a t ionsh ip  r equ i r ed  cons ide rab l e  co r r ec t i on  to  b e  va l id .  

The  f r i c t iona l  c o n s t a n t  [fro of a p r o t e i n  is a f u n c t i o n  of 
h y d r a t i o n  a n d  of i ts  d e p a r t u r e  f rom t h e  spher i ca l  a n d  
c o m p a c t  s t a te .  S imi la r ly  t h e  in t r in s i c  v i scos i ty  [~] of a 
protein is dependent  upon these properties.  If  a relation- 
ship could be found between [/[o and [V], the value of [~] 
Could be obtained when/fro = 1, i.e. the  value for an un- 
h y d r a t e d  molecu le  of spher i ca l  a n d  Compac t  s t a t e  a n d  t h e  
numer i ca l  in  E i n s t e i n ' s  e q u a t i o n  could  be  verif ied.  

The  Tab le  shows  d a t a  of [r/] a n d  [//o for  a n u m b e r  of 
p ro t e inaceous  a n d  low m o l e c u l a r  w e i g h t  subs t ances .  T h e  
d a t a  were  o b t a i n e d  f rom t h e  l i t e r a t u r e  a n d  f r o m  t h e  
a u t h o r ' s  u n p u b l i s h e d  work .  I n  t h e  f o u r t h  c o l u m n  are  
t a b u l a t e d  t h e  l o g a r i t h m s  of  t h e  q u o t i e n t  of f i le  i n t r in s i c  
ViScosity a n d  t h e  p a r t i a l  specif ic  v o l u m e s  V. 

Log [*?]lV and t//o values for various proteinaceous and low molecular 
weight substances 

Substance [~]cclg Vce/g log [r/]IV ]l]o 

Ribonuclease 3.304 0,728 0.656 1.145 1.04 ~ 
Whale myoglobin 3.30 s 0.738 0.651 1.14 1.117 
Ovalbumin 3.90 s 0,748 0,717 1.18 
Catalase 3.909 0.73 0,727 1.25 
Jasus lalandii 4.01 is 0.738 0.743 1.23 
hemocyanin 
Amandin 4.40 s 0.746 0.833 1.28 ao 
SOUthern bean 4A0 n 0.700 n 0.798 1.25 n 
mosaic Virus 
l~ibdnogen 27.00 I~ 0.710 1.580 2.34 as 
T, ryp°myosin 52.00 a4 0.740 1.847 3.1015 
~nyosin 217.00 a6 0.728 2.47 3.53 le 4.0 l~ 
SucrOse 2.43 as 0.630 0.586 0.87 a 
Citric acid 1.74 as 0.648 0.426 0.77 
Glucose 2.50 s 0.629 0.586 1.00 
Glycerol 2.60 is 0.800 0.481 0.86 
Glyeine 1.49 s 0.625 0.380 0.835 
Urea 0.15 s 0.741 1.301 0,638 
Pentaerythrite 2.8~0 0.71 0.5955 0.937 

a The ]][o values of the low molecular weight substances were 
Calculated from diffusion coefficients D, molecular weights M, and 
from partial specific volumes V according to equation: 

D ~ (k/M V)ala/o// 
Where k ~ 2.41 x 10 -.4. 

T h e  d a t a  in  t h e  T a b l e  are  p r e s e n t e d  g r aph i ca l l y  in  t h e  
F igure .  I t  will  b e  n o t e d  t h a t  t h e  r e l a t i onsh ip  b e t w e e n  log 
[~] /V a n d / f r o  is a p p r o x i m a t e l y  l inear  a b o v e  ]]fo= 1 a n d  
t h a t  t h e  v a l u e  of log [~]/V for  a spher i ca l  u n h y d r a t e d  
molecu le  m a y  be  o b t a i n e d  a c c u r a t e l y  b y  i n t e r p o l a t i o n  a t  
[//o = 1. T h e  v a l u e  o b t a i n e d  t h u s  equa l s  0.61 f r o m  w h i c h  
[~]/V = 4.1 fol lowed.  

E i n s t e i n ' s  e q u a t i o n  s h o u l d  t h u s  b e  modi f i ed  t o :  

= no (1 + 4.1 G), 

or [~] = 4.1 V in terms of intrinsic viscosity and par t ia l  
specific vo lume .  The  n u m e r i c a l  4.1 is in  good a g r e e m e n t  
w i t h  t h e  v a l u e  4.05 p r e v i o u s l y  o b t a i n e d  b y  POLSON ~ 
f rom di f fus ion  m e a s u r e m e n t s  on  p ro te ins .  T h e  va lue .  
o b t a i n e d  a b o v e  is a p p r o x i m a t e l y  10% lower  t h a n  t h e  
v a l u e  ca l cu la t ed  b y  HATCHECK ss for  t h e  in t r in s i c  v i scos i ty  
of spher ica l  par t ic les .  
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Graph showing the relationship between Iog[~/]/V and/fro for high 
(/]1o> 1) and low ([1]o < 1) molecular weight substances. The arrow 

indicates that the value for urea is much less than 0. 
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I t  has been observed tha t  a number of ultracentrffugalty 
homonegeous proteins investigated in our laboratory 
showed sedimentation coefficients which were dependent 
upon the rotor velocity at which they were determined 
(PoLsoN) *a. Thus it was found tha t  the 3 proteins 
~-globulin, ovalbumin and hemocyanin of Jasus lalandii 
when spun at  rotor velocities below 20,000 rpm showed 
sedimentation coefficients which, were approximately 11% 
higher than  those obtained at  velocities above 40,000 
rpm. I f  this is a general phenomenon with proteins, i t  
would indicate tha t  their molecular weights, as deter- 
mined by the velocity method, need revision. A conse- 
quence of this would be tha t  the ]/fo values of proteins 
would become smaller than tha t  at which they are quoted, 
which would result in the numerical 4.1 in the empirical 
equation moving closer to HATCrtECK'S value of 4.5 and 
further away from Einstein 's  figure of 2.5. 

An interesting conclusion may  be drawn from the 
Figure. By extending the straight portion of the graph 
into the region below [fro = 1 it  would appear tha t  the 
abscissa is intersected at  a position very close to the 
origin or approximately //[o = 0.06. Considering the 
experimental  error involved and the approximate correct- 
ness of the slope of the straight line, i t  may be concluded 
tha t  the line could justifiably pass through the origin. 
The simple empirical relationship ]/J~ = 1]o., 1 log [~1~/V 
appears to represent a true relationship at  ]]1o = 1 and 
> 1 between the frictional ratio, intrinsic viscosity and 
partial  specific volume. 

The empirical relationship fails to apply to substances 
of which frictional ratios 1/~o are less than 0.90. Values 
below [[[o = I are shown by substances of low molecular 
weight which have molecular volumes of the same order 
of magnitude as those of the dispersion medium. Such 
substances have intrinsic viscosities which decrease 
rapidly with decreasing molecular volume to vanish when 
the molecular volume of the dispersion medium is reached 
(PoLsoN) ,4, hence log [~]/V = 0 when ]]]o is still finite .5. 

Zusammenlassung. Es wurde ein empirisches Verhgltnis 
zwischen Reibungskonstante und ~dntrinsic~> Viskositgt 
abgeleitet, woraus sich eine neue Konstante fiir die Ein- 
steinsche Gleichung ergab. 
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Effect of Castrat ion  and T e s t o s t e r o n e  A d m i n i s -  
trat ion on  the  Noradrena l ine  Content  of the Vas 
Deferens  and the S e m i n a l  Vesic le  of the Guinea-  

Pig 

The large amounts of noradrenaline found in the in- 
ternal accessory male organs of the guinea-pig x,*, are due 
to an unusually rich supply of adrenergic nerves, emanat- 
ing from short adrenergic neurons, with their cell bodies 
located close to the target  organsa, *. The same pat tern 
of innervation is present also in other species z,*. (]?'or 
further references c.f. SJOSTRAND 19658). 

Since the development  and size of the accessory male 
genital organs is dependent on the presence of androgenic 
hormones, i t  appeared to be of interest to s tudy the effect 
of testosterone administration and castration on the nor- 
adrenaline content  of the vas deferens and the seminal 
vesicle of guinea-pig, and thus obtain some quant i ta t ive 
data  on the effect of androgens on the adrenergic inner- 
vat ion of internM male genital organs. 

Material and methods. Young guinea-pigs having an 
initial weight of ~bout 300 g were used. They were divided 
in 5 groups with 4-6 animals in each group. One group 
served as untreated control group. The animals of 2 other 
groups were castrated 28 days before killing. The guinea- 
pigs of one of these castrated groups and those of another 
non-castrated group received the following injections i.m. : 
16 days before killing each animal received t0 mg testos- 
terone propionate, 40 mg testosterone valeriate and 75 
mg testosterone undecytenate oil solution (0.5 ml Trio- 
landren ® solution). On the 8th, 6th, 4th and 2nd day 
before killing each animal received 1 mg testosterone 
propionate in oil solution (Perandren ®). These groups are 
referred to as ' testosterone low dose'. The animals of the 

last group received the following injections i.m. : 16 days 
before killing each animal received 30 mg testosterone 
propionate, !20 mg testosterone valeriate and 225 mg 
testosterone undecylenate (1.5 ml Triolandren ® solution). 
On the 8th, 6th, 4th and 2nd day before killing each 
guinea-pig was given 3 mg testosterone propionate 
(Perandren ®) ( 'testosterone hight dose'). The animals in 
all groups received the same care and food during the 4 
weeks the experiment lasted. All animals were sacrificed 
by a blow on the head. The vas deferens and the seminal 
vesicle were taken out, cleaned and their contents were 
squeezed out. The noradrenal ine content  of the organs 
was determined according to EUL~R and LISHAJKO 5 in 
the same manner as described earlier I,~. The noradrenaline 
is expressed as hydrochloride. All data  obtained from the 
'experimental '  groups are compared with those of the 
control group and the i r  significance tested by the t-test 
(FISHERe). 

Results. The results are shown in the Table. 
Discussion and conclusions. From the present study on 

the guinea-pig it  seems evident tha t  castration increases 
the noradrenaline concentration of the vas deierens and 
the seminal vesicle, but  has no certain effect on the total  
amount  of noradrenaline in these organs. On the other 
hand, large doses of testosterone tend to decrease the 
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