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Absorption of H:'-,WiGtosterol in the Lymph Fistula Rat." (24552) 

I t  has been established that plant sterols 
inhibit absorption of cholesterol and presurn- 
ably, by this mechanism. they thereby lower 
blood and tissue levels of cholesterol ( 1-3 ) . 
Furthermore. this inhibiting effect of plant 
sterols may be due to competition with choles- 
terol for the sterol absorptive system in the 
intestinal wall (4.5 ) . .4fter administration of 
H':-,!j-sitosterol there was increased fecal es- 
cretion of cholesterol and related sterols (5 ) .  
I t  was also observed that a considerable por- 
tion of H:'-P-sitosterol was not recovered in 
the feces and was presumably absorbed or con- 
verted to substances not precipi table with 
digitonin. Gould( 6 )  fed tritium labeled sitos- 
trol to humans and animals and from balance 
and blood data concluded that it was absorbed 
to a slight extent. Sitosterol balance studies 
in humans and rats have indicated consider- 
able absorption of up to 40% ( 7-9). However. 
such experiments do not supply data on 
mechanism or route of absorption. Recent re- 
ports( 10 , l l )  on the niechanism of cholesterol 
absorption have indicated that there exists in 
the intestinal wall a pool with which choles- 
terol entering from the lumen is mixed prior 
to its esterification and transfer to the lymph. 
In  light of these findings and the lack of de- 
finitive data on the mechanism of sitosterol 
absorption, it became of interest to determine 
the extent to which sitosterol enters the intes- 
tinal wall and is transferred to the lymph. 

T'repa ra t ion and 
care of the thoracic duct fistula rats has been 
described( 10).  Twenty-four hours after 01)- 
eration each experimental animal received. by 
intubation, without anesthesia. 3 ml of aque- 
ous emulsion containing 44 mg H3-P-sitos- 
terolt (6.8 pc), 50 mg blood albumin, 292 mg 
oleic acid, 279 mg sodium taurocholate. and 
150 mg glucose; control rats received a com- 
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parable emulsion without sterol. There were 
3 experimental groups of animals; A was 
killed a t  6: B a t  24, and C at  48 hours after 
the test meal. Lymph was collected in con- 
secutive periods from 0-6, 6-24, 24-48 hours 
to time of sacrifice for each group. When 
animals were sacrificed, the small intestine 
was removed and saline washings from intes- 
tine were pooled with feces of the same ani- 
mal. This gave combined samples of feces 
and intestinal contents for 0-6, 0-24, and 0-48 
hours for groups A, B, and C, respectively. 
Lipid extracts of small intestine or segments 
of the intestine, and a non-saponifiable lipid 
extract of combined feces and intestinal con- 
tents were prepared according to procedures 
described earlier ( 10 , l l )  . Free and total cho- 
lesterol were determined colorimetrically on 
each extract of lymph and intestine; gravimet- 
ric sterol determinations were carried out on 
extracts of the combined feces and intestinal 
contents( 10). Tritium activity of free, esteri- 
tied. and total sterol fractions of all extracts 
were determined as previously described (5 ) .  

At the end of 6-hour absorption 
period 8.7 mg or 19.9% of the fed H"-P- 
sitosterol was not recovered in intestinal con- 
tents and feces (Table I).  Analysis of feces 
and intestinal contents after 24 and 48 hour 
periods showed further disappearance of the 
fed sitosterol, 13.5 mg or 31.6% a t  24 hours 
and 17.4 mg or 39.5% at 48 hours. Sterol 
absorption calculated from gravime t ric sterol 
determination also indicated disappearance of 
the fed sitosterol, but such disappearance was 
less than indicated by activity data. These 
differences can be explained by the increase 
in fecal excretion of unlabeled cholesterol or 
related sterols when H"-P-sitosterol is fed. 
Thus, for 24 hours excretion of unlabeled 
sterol increased from 6.0 to 15.9 mg. Also, 
specific activity of the sitosterol in the intes- 
tinal lumen indicated considerable dilution of 
the fed H3-,3-sitosterol with time. 

Resu l t s .  
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TABLE I .  Recovery of Fed H3-p-Sitosterol from Feces arid Contents at Diffeyent Tiine Periods. 

r Feces and intestinal contents ' H8-pitosterol not 
Time, Sterols Hs-p-sito- Sterol Specific activity t recovered 

__  hr total, mg sterol, mg other, mg total sterol, pc/mg mg % 
6 43.5 & 2.2$ 35.7 2 1.9 7.8 _+ 1.4 .124 _+ .011 8.7 2 2.5 19.9 2 5.9 

24 46.4 2 .5 30.5 & 3.5 15.9 & 2.1 . lo0 k .014 13.5 k 2.6 31.6 2 4.8 
48 45.3 & 2.5 26.6 & 2.5 18.7 2 1.3 .090 & .010 17.4 2 2.0 39.5 _+ 3.8 
24" 6.0 & .4 6.0 2 .4 

* Represents 24 hr control excretion. 
t Total H3-p-sitosterol fed was 44 mg with specific activity of 0.154 pc/mg, 4 animals/group. 
t Stand. error of mean. 

At the end of 6 hours, 2 mg or 4.6% of the 
fed H3-P-sitosterol was present in the intes- 
tinal wall (Table 11). At 24 hours there was 
3% and at  48 hours there was no H3-P-sitos- 
terol present. Virtually all of the H3-@-sitos- 
terol was present as free sterol; only a trace 
was present as esterified H3-p-sitosterol. 
There was a small apparent increase in amount 
of free cholesterol in the intestinal wall a t  end 
of 6 hours. This increase could be accounted 
for by the uptake of H3-p-sitosterol. 

At various time intervals only traces of 
H:%-,kI-sitosterol could be detected in the 
lymph. These amounts were less than .3% 
of the fed dose. Also, there was no increase 
in the lymph total sterol level when compared 
to a group not receiving sitosterol in the test 
meal. 

To locate area of maximum uptake of fed 
H3-p-sitosterol by intestinal wall, the small 
intestine was sectioned into different length 
segments. The results were essentially the 

same as previously reported for cholesterol- 
4-C14 ( 11). About 70% of the H3+-sitosterol 
in the small intestine was present in the proxi- 
mal half. 

Discussion. Our results have confirmed and 
extended our earlier investigations( 4,5,7). 
After feeding of H3-P-sitosterol, there was in- 
creased fecal excretion of cholesterol and re- 
lated sterols and from the balance data an 
apparent absorption of p-sitosterol. Based on 
these findings i t  was previously postulated 
that H3-P-sitosterol was absorbed by the same 
mechanism as cholesterol and competed with 
cholesterol for the sterol absorptive system 
( 5 ) .  The present results indicate that a con- 
siderable portion of ingested H?-P-sitosterol is 
not accounted for by that in the lumen, intes- 
tinal wall, and lymph. The failure to account 
for all of the administered H3-P-sitosterol in 
these 3 sites and the apparent absorption, from 
balance data, raises important questions re- 
garding plant sterol absorption. These find- 

TABLE 11. Uptake of Fed H3-p-Sitosterol by Intestinal Wall ;iiid Its Transfer to Lymph. 

Admin. €P- 
Sterol H:'-sterol Sterol II3-sterol Sterol Ha-sterol pitosterol 

Time, KO. free free mter cxter total total recovered, 
111" ratst (--- 'W ------- - %  

Small intestine 
6 4 15.1 2 l . O $  2.01 2 . 5 0  1.3 2 . 2  tr 16.4 & .9 2.01 k.50 4.6 2 1.1 
21 4 12.9 k 1.1 .33 2 . 1 0  1.0 +.2 .O 13.9 _+ .9 .33 +.lo .8 1 .2 

L y In ph 
48 4 13.6 _+ .5 .O .6 k.1 .O 14.3 + .6 .O .O 

0- 6 12 1.2 _+ -4 trll 1 . 6  2 . 3  tr 2.P 2 -3 tr  <.3 

24-48 1 3.6 _+ .4 .O 6.2 2.6 .o 9.8 k1.0  .O .o 
0-24: 5 3 . 5  f .3 6.1 k.3 9.4 k1.1 

6-24 8 3.4 2 . 3  t.r 4.7 2 . 5  tr 8.1 2 .8 tr 9 9  

'* Rcpreseiitn collectio~~ time of l p i p l i  :mcl t ime of sacrifice after test nieal. 
t Total H"-p-sitosterol fed was 44 iiig with ;I specific ;ictivity of .I54 fic/iiig. 
t Represents 24 1ir lynipli c*ollcctioii pwiod of coiitrol groiq) recc4ving sociiutii t~uroc1iol:tti~ 

Q Gr:iviinctricaIly t l t l t cbr t i i i i i tv l .  
11 tr = tr:tcc. 

:I t i t 1  olcia acid. 
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ings suggest that part of the fed H3-P-sitos- 
terol may have undergone transformation in 
the intestinal wall or lumen so that it was no 
longer precipitated with digitonin and thus. 
would not have been detected in these experi- 
ments. Such changes occur with fed choles- 
ter01-4-C'~ ( 11 ) . Another less probable alter- 
native is that H:'-P-sitosterol was absorbed by 
some other route than through the lymphatic 
system. We are now using P4-p-sitosterol to  
test these possibilities. 

The present data also show that a consider- 
able amount of H3-P-sitosterol. like choles- 
terol( 1 1) , is taken u p  by the intestinal wall 
and is present almost entirely as free sterol. 
However. the amount taken up was about one- 
half that of cholesterol. Roth and Favarger 
( 1 2 )  have also observed uptake of D-sitosterol 
by the intestinal wall. Thus. in this first step 
of the absorption process both sterols appear 
to be handled in a similar fashion. albeit. p- 
sitosterol is taken up to a lesser degree. After 
free cholesterol is transferred into the intes- 
tinal wall it is largely esterified and then trans- 
ferred into the lymph as part of the chylonii- 
cron ( 1 1 ) .  T t  appears that p-sitosterol is not 
esterified in the intestinal wall or transferred 
to lymph in appreciable quantities. Tt should 
be emphasized that i f  the amount of H:'-p- 
sitosterol present in intestinal wall at  end of 
6 hours. had been transferred to the lymph 
during the nest 18 hours. it could have been 
easily determined by the technics employed. 

Summary. Administration of 44 mg of H:;- 
p-sitosterol to lymph fistula rats and analysis 
of feces: intestinal contents! intestine, and 

lymph gave the following results: (1) balance 
data indicated approximately 40% absorp- 
tion in 48 hours, ( 2 )  there was increased fecal 
excretion of cholesterol and related sterols, ( 3 )  
there was considerable uptake of H3-P-sitos- 
terol by the intestinal wall, but essentially no 
transfer into the lymph. Explanations for the 
apparent disappearance of H3-P-sitost.erol are 
discussed. 
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Proteolytic Enzyme System of Skin, VI. Enzyme Patterns in Various 
Animal Species."+ (24553) 

Several enzymes which comprise, in part. I'roteinase A, Yroteinase C, the Al-esterase, 
the proteolytic enzyme system of rat skin and  the A,-esterase, have been character- 
have been described by 3Iar t in  m d  -4xelrocl ized. partially purified. and in some cases 
( 1-5). In extracts prepared from rat skin ace- separated from each other. With the ex- 
tone powder, 4 distinct enzymes, designated ception of Proteinase C, synthetic sub- 


