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creased uptake of NEFA following adminis- 
tration of insulin. 

.Currz i i rnr .>~.  Concentrations of NEF.4 in 
plasma of blood obtained from splenic arterq-, 
portal and hepatic veins were measured in un- 
anesthetized dogs together with hepatic plas- 
ma flow. Rates of hepatic and non-hepatic 
splanchnic uptake or output of SEE',\ LTere 
calculated before and after insulin administra- 
tion. A marked increase in rate of hepatic 
uptake of NEFA was observed after insulin 
administration. S o  significant change in rate 
of N E 1; X output from no n -hepatic > 1'1 a n  c h n i c 
area 1va.s found. 
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j:ffects of Physico-Chemical State of Vit. 13,: Preparation in Digestive Tract 
on Its Absorption.' (25605) 

Il-sorbitol in large doses can enhance intes- 
tinal absorption of Vit. B I Z  under appropri- 
ate conditions in man ( 1 ) and rats( 2 ) . This 
phenomenon may be ( a )  due to formation of 
a chemical derivative of sorbitol in the gastro- 
intestinal tract which can enhance absorption 
( 3 ) !  or ( b )  due to physical characteristics of 
the concentrated sorbitcl solution. Therefore, 
some commercially available surfactant\ 
which are derivatives of sorbitol and the im- 
portance of the physical characteristics of the 
administered solution in enhancement of \5t. 
BI2  absorption were studied. This communi- 
cation reports the results of such studies and 
presents a hypothesis on the mechanism of en- 
hancement o f  \-it. R12 absorption b y  such 
compounds. 

Methods. n/Jeasure.r?iertt of V i t .  B absorp- 

* Supported h>7 Grant-in-Aid from TT.S.P.H.S. 

f i o r z .  Adult rats were fed by stomach tube 
50 mpg or 1000 mpg of aquecus radiolactive 
('o""BI2 with a total radioactivity of 50 and 
100 mpcc. respectively. Absorption was meas- 
ured by fecal recovery of radioactivity in 4 
clays. or only by organ uptake of radioactivity 
2 days after administration when the latter 
tl~.;c was used. Determination of radioactiv- 
itj, in  feces and organs has already been de- 
m i b e d  (4 ) . In some instances "Intestinal 
Loop" technic ( 5 ) was used. 

Resul ts .  Eflect of surface active agents on 
Vit .  B I ,  nt5sorption.t One group of rats was 
given by a stomach tube 1 cc of undiluted 
Tween 80 and immediately afterwards 1 cc 
of C7o""BI2 by another stomach tube. An- 
other group of control animals received 

t Surface active agents used were obtained from 
.Atla? Powder Co. 
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17.6 t 1.3 2.50 2 .06 
30.7 & 2.7 4.92 2 .73 

14.0 & 2.3 1.70 .37 
36.2 2 .3  3.75 t: .49 

8.8 2 .7 
2ti.l 4 2 . 0  

22.1 2 .5 2.42 2 .40 
25.9 k .% 2.43 2 .45 

1.95 -+ .39 
2.75 f .39 

1.49 -+ .15 
3.41 * 2 9  

19.4 k 2 . 2  
48.2 f 2 . 4  

6.30 -+- 1.53 
5.74 *1.4:< 

One cc wrtrr inimediatel~y follo\vrcl by 1 cc of (W'E,,. 
t One cc imtlilutrd Tween 80 iinnirdi:itely followcil by 1 cc of ('oonBI2. 
3 Trii cc w i t e r  (coiiti-01) or 1/10 diluted Twern 80 follomed by 1 cc of C'O'~"B,,. 

1 cc of water instead of Tween 80. The ranged widely from 1.8 to 16.9. The typical 
results (Table 1) demonstrate clearly that ad- 
ministration of CO"~)IS,~ preceded by adminis- 
tration of undiluted Tween SO results in 
greater absorption (p<O.O5) a t  both doses of 
50 and 1000 mpg. However, when the same 
amount of Tween 80 was diluted first 10-fold 
with water and administered, this effect was 
no more demonstrable, in spite of the fact that 
the same amounts of Tween 80 and C O ~ ~ O B ~ ~  
were administered. 

results from a series of experiments are pre- 
sented in Table IT. The results of Study A 
demonstrated that only G-1096 among the 
cornpounds tested increased absorption sig- 
nificantly, and Study B demonstrated ability 
of Tween 85 to enhance absorption. Taken 
collectively, the results show that not all solr- 
bitol-containing compounds are capable of en- 
hancing absorption, and confirmed our previ- 
ous results that dilution of Tween 80 abol- 

Several olther surface active compounds ished the ability to enhance the absolrption of 
with the nucleus of sorbitol (Span 85, Tween Vit. BIZ. 
20, Tween 85, G-1096 and G-672) as well as Since surfactants and CO""B~Z were not pre- 
those without it (Arlacel A and Myrj 52 )  mixed before feeding, it was of interest to ex- 
were tested. They were selected because of amine the physical state of such a mixture, 
their hydrophile-lipophile balance values even in vitro. When any one of these 3 sur- 

A Control 
Tween 80 (1 O%,) 

G-672 

R (;ontrol 
Tween 80 (207!p) 

? '  20 
' ?  85 

Arlacel A 
Myrj 52 

Sorbitan monolaureate 
Sorbit a n  trioseat e 
Mannide monooleate 
Polyoxy e tliyleiie s t ear- 

a te  

3 
> 1 

22.2 & .5 2.88 +-.I5 1.62 t . 2 9  
36.2 .tr 1.0 1.86 e . 2 9  2.62 2 . 2 9  

17.4 1 2 . 7  3.01 k .14 2.17 2 . 2 9  
17.7 2 1.5 3.11 5 . 2 9  3.11 2 . 3 6  

37.8 & .B 4.98 2 . 0 9  5.51 +.G9 
31.0 & 4.2 4.16 k . 8 1  3.86 2.44 

24.8 & 2.2 3.02 k . 2 8  2.81 c . 5 8  

25.2 2 3.9 2.94 t . 3 3  4.86 1 . 9 9  

'* 50 nipg CO"OB,~ adniiriistereil orally. 
t Undiluted surface active agents wrre used except Tween 80. 



factants which could enhance absorption was 
mixed with water i n  the proportion used. ;i 

very thick vaseline-like product was formed, 
The  other surfactants which did not enhance 
a1)sorption. either did not mix with water or 
increased jluiditj. without jell!, formation. 
Thus,  such a difference in physical character- 
istics may have some hearing on ability to en- 
hance \?t. E I 2  absorption by reducing the 
rate of descent into the intestine. 

R a t r  of pirssagc of C'oo0H, i n  digcJsti.iic 
troc-t u j t w  cidiiiinistrrltioj?. A study was cle- 
signed to rneasirre rate of passage of ( ' o ' " ' H ,  11 

from the stomach in presence or absence of 
Tween 80. Twelve rats were divided into 2 
groups: 6 received 1 cc of undiluted Tween 80 
and then 1 cc of C'o'"'RI2. The other 6 con- 
trols received the same volume of water and 
C'o"oK Two rats in each group were sacri- 
ficed a t  1, 2 and 4 hours after oral administra- 
tion. The  digestive tract was divided into 
stomach. proximal-. middle- and distal ).t 
of the small intestine, and cecum, and radio- 
activity in each section measured. I t  wiis 

found that 1 hour after administration. more 
than 70y of radioactivity was already in the 
distal f.j of the small intestine and only 
remained in the stomach in control rats;  in 
experimental group, the stomach still retained 
53% of radioactivity. This trend of delayed 
passage of C ' 0 9 3 , ~  in the Tween 80 group was 
also apparent 2 and 4 hours after administra- 

tion. The  physical state of the mixture con- 
taining C'o'"'HI2 was such that the stomach 
could not evacuate it as fast as i t  could when 
present in solution. 

The  
effect of co-administration of Vit. B12 and a 
cathartic which may accelerate passage of Vit. 
H I ?  in the intestine was studied. When 1 cc 
of 30y l I g S 0 4  7Hy0 was fed immediately 
before oral dose of Co';"Bls, absorption was 
enhanced (Table 111). The  effect was even 
more easily detectable when a larger Vit. Bl2 
dose (1000 mpg) was used. When 2 cc of 
2 5 >( n'a,HI'Or 1 2H20 was used, absolrptisn 
was also increased. However, when 1 cc of 
isotonic solution of hlgS0, 7H20 (4%) was 
given, the effect was less marked. It was 
noted that the animals receiving hypertonic 
solutions of both salts developed mild to mod- 
erate diarrhea. 

E:fft.ct of Tween 80 and  magnesium sulfate 
O H  intestinal wall .  \Ye have recently described 
a technic using a surgically prepared intes- 
tinal loop for assessment of absorption of Vit. 
IZ12 in the presence of known amounts of in- 
trinsic factor or other substances which influ- 
ence absorption ( 5 ) .  This procedure was used 
to study the effect of surfactants and hyper- 
tonic salt solutions. In  Study A, the effect 
of Tween 80 solution was compared with that 
of stomach extract when 50 mpg of CO""BIZ 
was administered. The results (Table I V )  

liflcct of salt solution on absorption. 
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indicate that absorption by the loop was not 
enhanced as it was when the whole animals 
were studied. There was even a slight de- 
crease in absorption by Tween 80, as indicated 
bly kidney uptake of radioactivity. One cc 
of 15% of MgSO4 7H20 maxkedly reduced 
absorption of the test dose of 1000 mpg 
(Study B j .  

Discussion. Absorption of ’Vit. B12 can be 
enhanced by a large dose of D-so’rbitol, but 
the mechanism is not understood. It is pos- 
sible that the active agent is some chemical 
derivative of sorbitol formed in the gastroin- 
testinal tract. For this reason, we have stud- 
ied the effect of some readily available deriva- 
tives of sorbitol with surface activity. It was 
found that pre-administration of certain but 
not all of sorbitol containing compounds 
would increase Vit. B12 absorption. This in- 
crease is not related to surfactant activity. 
The 3 tested surfactants with ability to en- 
hance absorption (Tween 80, Tween 85 and 
C;- 109 6) have the common physical charac- 
teristics of becoming a jelly-like mixture when 
mixed with an equal volume of water. Thus, 
the observed phenomenon may be due to the 
physical rather than chemical state. When 
the effective dose of Tween 80 was pre-di- 
luted with water to a fluid state and then ad- 
ministered, no increase in absorptioln was ob- 
served. The aqueous CoGoB solution will 
probably become a semi-solid mixture upon 
contact with one of the effective compounds 
in the stomach and the speed of descent of 
C‘ofilJBI2 from the stomach is greatly reduced. 
Since no! correlation was observed between 
chemical structure and enhancement of ab- 
sorption, it is presumed that the time during 
which Vit. BIZ remains in the stomach might 
play a dominant role in enhancement of ab- 
sorption. I t  is conceivable that the slow pas- 
sage in the gastrointestinal tract allows maxi- 
mum time for intrinsic factor in the stolmach 
to react with Vit. B12 or a longer reacting 
time between Vit. B12 and the intestinal mu- 
cosal receptor. The former mechanism seems 
unlikely because of the results of the experi- 
ment in which Co”)Bl2 was allowed to be re- 
tained in the stomach for 2 hours by ligatioln 
of the pylorus and absorption of such a dose 
of Vit. ESl2  was not increased by fecal meas- 
urement or by organ uptake. 

Intestinal absoirption is a function of time; 
therefore, i t  is likely that absorptioa of Vit. 
B12 is dependent upon its mobility through 
the digestive tract. A slower descent of Vit. 
BIZ in the intestine will provide a better 
chance for the receptor to bind with Vit. B I Z .  

If this were the only controlling factor, ad- 
ministration of cathartics might have the op- 
posite effect. Contrary to such expectation, 
absorption of Vit. BIZ at 1000 mpg dose ad- 
ministered with a hypertonic salt solution re- 
sulted in absorption 2 times greater than that 
of Vit. BIZ  without the salt solution. Since 
both magnesium sulfate and disodium phos- 
phate exerted a similar effect, the phenomenon 
may not be limited to these 2 salts. Uptake 
of CotJ0Bl2 by resting Lact obacillus leichinan- 
nii organisms( 6)  is inhibited by high salt con- 
centrations in vitro. Addition of salt would fa- 
vor intrinsic factor in its competition for Vit. 
B I Z  binding in the digestive tract with micro- 
organisms. However, absorption of Vit. BI2 in 
presence of magnesium sulfate from the small 
intestine when tested with the “loop” technic 
was markedly reduced. It is conceivable that 
absorption of 10100 mpg dose of Vit. B I Z  in 
presence of hypertoinic salts is partly achieved 
from the cecal wall, and that hypertonicity of 
the salt administered orally is reduced by the 
time it  reaches the active site of absorption 
and thus adverse effect of hypertonicity on the 
intestinal wall is minimized. D-sorbitol in 
higher concentrations also interferes with ab- 
sorption od Vit. R I 2  from the small intestine 
by the “loop” technic(7). Therefore, the ef- 
fect of hypertonic salt solution on Vit. BIZ 
absorption is similar to that of D-sorbitol in 
that both exert absorption enhancing effect in 
its high concentrations when administered 
orally to intact rats and yet both inhibit ab- 
sorption when applied directly into an  isolated 
loop of the small intestine. 

Two means oif enhancing Vit. 
Bl2 absorption in rats have been described. 
It was found that certain surface active 
agents, such as Tween 80, Tween 85 and G- 
1096, which form a semi-solid matter with an 
equal volume otf water markedly enhanced ab- 
sorption of CoF0ORl2 when fed by stomach tube 
immediately before oral dose of (’o‘;(~BI~. The  
elfect was abolished upon dilution of the agent 
with water before administratioin. Oral Vit. 

Summary. 
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BIZ preceded by one of these undiluted com- 
pounds evacuated from the stomach a t  a much 
slower rate than without pre-administration of 
the compound. Saline cathartics such as hy- 
pertonic solutions of magnesium sulfate and 
disodium phosphate also enhanced absorption 
of I-it. €312 when administered in the same 
way. However, when tested with “intestinal 
loop” technic, neither surfactants nor salt so- 
lutions were able to substitute for gastric in- 
trinsic factor. The possible mechanisms for 
the observed phenomenon of enhancement of 
absorption have been discussed. 
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Plasnia Protein VII. Site of Degradation of Serum Albumin.* (25606) 

I?. H .  L % ~ ~ l ~ ~ ~ ~ ~ ~ , t  S .  JIAKGEN AN11 H. TARVER 
I h p t .  of Riorheiiiicfr>s, School  of S f ~ d i i i r i r .  l - i i i z l w s i t y  of California, Saiz Francisco 

UJe reported ( 1 ) inability to find significant 
breakdown of homologous albumin labeled 
with CI4 in vitro in any slice or homogenate 
system prepared from rat t k u e s .  with the es- 
ception of spleen homogenate. These results 
are in accord with those obtained liy Katz and 
Sellers( 2). but disagree with those of Roberts 
and Kelley (3 )  who reported rapid hreak- 
down of serum albumin in slices prepared 
from rat livers. However, i t  is necessary to 
postulate that breakdown occurs at some site 
in the animal to account for the rapid turn- 
over of serum albumin observed in numerous 
investigations in vivo(4). Tt is possible that 
albumin and perhaps other plasma proteins 
continually ‘leak’ into the gas tro-in tes tinal 
tract where they are hydrolyzed. (’ellular bar- 
riers are permeable in many cases to plasma 
proteins. Thus, bo th  albumins and globulins 
pass rapidly from plasma into lymph in all 
species which have been investigated( 5.6.7) : 
they pass from the circulation into the peri- 
toneal cavity and back (8.9.10) and into milk 

*Aided by grants from Am. Cancer Soc. and 

t Present addrrss: Genetich Foundation, T ) r j ) t .  O F  

~ .________ 

1L.S .P .H.S. 

Zoology, Univ. of Texas, Austin. 

( 1 1 $1 2 ) .  I t  has also been shown that, in the 
guinea pig, plasma proteins are transferred 
across the placenta to the fetus( 13), and, as 
is well known from immunological investiga- 
tions and recent isotopic work, globulins are 
absorbed from the gut of newly born animals 
(14). To demonstrate such a loss of albumin 
into the gut from the bloold stream, 2 types 
of experimental method were used, (a) the 
washing method, and ( b )  the freezing method. 
In both methods rabbits were first injected 
with either a lbumin-PI  or iodide-P3’. In  the 
washing method, the lumen of an isolated sec- 
tion of the gut was continuously washed foir 
several hours with a dilute albumin solution; 
i n  the freezing method an isolated section of 
gut was injected with an albumin solution; 
the section was immediately excised and 
frozen in an acetone-dry ice bath. While still 
frozen the tissue was removed leaving the colre 
of frozen albumin-containing solution. Dis- 
t ritjution of radioactivity in the albumin so- 
lutions so obtained was investigated. It is 
assumed that any radioactive albumin passing 
from the circulating blood into the gut would 
be trapped in the large volume of unlabeled 
albumin solution, and in the short time before 
enzyme action was stopped with trichloro- 


