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TARLE I. Transformation of 24-C1’-Labeled Cholic, Deoxycholic and Chenodeoxycholic Acids 
i n  Ariaerohic Subcultures of Mixed Hunian Fecal Microorganisms. 

Labeled metabolities 
without hydroxyl or 
keto group at (2-7, as 

% of total amt of % distribution of isotope in  Bile acid 
Serial .2 mM/1 p H  of broth Phosphate Acetone labeled 

subculture Trypticase after 3 days Supernatant buffer extract of present in ’ 
from feces soy broth incubation broth washing sediment Supernatant Sediment 

1 Chenode- 7.2 

6.9 
oxycholate 

1 9  

9 9  

? 9  

,? 

9 9  
6.8 
6.8 

? 9  7.2 
Cholate 7.2 
Deoxycholate 7.2 

35 

48 
49 
44 
48 
46 
46 
97 
96 

2 63 

50 
47 
54 
50 
52 
52 

2 
2 

0 

4 
8 
8 
9 
9 

10 
70 
- 

98 

96 
98 
97 
97 
97 
95 

high ability for removal of the 7-hydroxyl 
group from cholic as well as from chenodeoxy- 
cholic acid. Centrifugation of the subcul- 
tures a t  25,000 X g for 60 minutes reveals 
that the 2 reaction products appear in a dif- 
ferent physical state. Deoxycholic acid ap- 
pears in the supernatant whereas lithocholic 
acid is recovered mainly in an acetone extract 
of the sediment. These results indicate that 
lithocholic acid formed in vivo in the human 
intestine probably is less accessible for ab- 
sorption than deoxycholic acid and therefore 
is prevented from entering the enterohepatic 
circulation. This might also explain why 
lithocholic acid is found only in trace amounts 
in the human bile. 

The authors are indebted to Dr. G. Widstrom, 
Head of Dept. of Clinical Chemistry, for valuable 
help. 
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Cell Division and Phagocytic Activity in Liver Reticulo-Endothelial Cells. 
(27578) 

LOLA S. KELLY, BARBARA A. BROWN AND ERNEST L. DOBSON 
Donner Laboratory, University of California, Berkeley 

Evidence has been presented *at stirnula- 
to hyperactivity Of the reticulo-endo- 

thelid (R* E.) system by estradiol or qmo-  

* The term littoral cell rather than reticulo-endo- 
thelial cell has been used here after Abercrombie and 
Harkness(2), because Some uncertainty has existed 

san and recovery of the R. E. system from 
“blockade” by colloids are both accompanied 
by h e r  littoral* cell proliferation( 1). A they belong to the reticulo-endothelial system. 

as .to whether or not all the sinusoidal lining cells 
are capable of phagocytosk and thus whether or not 
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question has frequently been raised as to 
which littoral cells undergo division under 
these conditions. Are the active phagocytes 
in the liver the cells which divide or is there 
a group of less differentiated stem cells which 
supplies the highly active phagocytic popula- 
tion? The experiments reported here were 
designed to elucidate these points under con- 
ditions which have previously been shown to 
stimulate liver littoral cell proliferation: es- 
tradiol administration and recovery from 
“blockade” by saccharated iron oxide. 

Methods. Swiss male mice approximately 
8 weeks old were used in all experiments. In 
Exp. 1, liver littoral cell division was stimu- 
lated by subcutaneous administration of 1 mg 
of estradiol as previously described ( 1 ) . 
Three days later tritiated thymidine ( 2 5  pc 
per mouse, 360 pc/pmole, Schwartz Labora- 
tories) was injected intraperitoneally to label 
the cells synthesizing DNA in preparation for 
division. To determine whether cells prepar- 
ing for division were phagocytic, saccharated 
iron oxide (Proferrin, Sharp and Dohme) 
containing 1 mg iron was injected intrave- 
nously one hour after the thymidine, and the 
mice were sacrificed 2 hours later (Exp. la ) .  
In another group (Exp. lb )  the saccharated 
iron oxide was injected one day after the thy- 

midine, and the mice were sacrificed 2 hours 
later to determine whether newly divided cells 
were phagocytic. 

In Exp. 2, the same dose of saccharated 
iron oxide was employed for a different pur- 
pose, i.e., as a “blockading” agent. To deter- 
mine which cells were preparing for division 
in the recovery from “blockade”, tritiated 
thymidine was given 2 days after intravenous 
injection of the “blockading” dose of colloid 
and the mice were sacrificed 1 hour later. 

Following paraftin embedding: 6 p liver 
sections were covered with stripping film (Ko- 
dak ARLO), exposed for 3 weeks, developed 
and stained with hematoxylin and eosin. In  
each liver approximatley loo0 cells were ex- 
amined at  a magnification of 900X in both 
the perilobular regions and in the areas 
closely surrounding central veins. The cells 
were scored as to whether or not they con- 
tained saccharated iron oxide and whether or 
not they had incorporated labeled thymidine 
into their DNA. 

In order to demonstrate more clearly pha- 
gocytized colloidal iron, a duplicate set of sec- 
tions was stained with Perls’ ferrocyanide 
method and counter stained with hematoxylin 
to make the nuclei clearly visible. In each 
liver approximately 400 cells were scored at 



LIVER R-E CELL DIVISION 557 

a magnification of 900X in the perilobular re- 
gions and an equal number in areas closely 
surrounding central veins. 

Results and discussion. The data are pre- 
sented in Table 1. h c h  entry represents the 
scoring on one liver. From the data of Exp. 
1 it is clear that DNA synthesis is markedly 
increased in both littoral and parenchymal 
cells following administration of estradiol. 
The littoral cells which have been stimulated 
are capable of phagocytizing colloid during 
the DNA synthetic period (Exp. la )  and 
shortly after they presumably have divided 
(Exp. lb).  

From 10 to 15% of the liver littoral cells 
were labeled with tritiated thymidine in the 
estradiol treated mice, and all of these labeled 
cells also contained colloid. However, phago- 
cytized colloid was observable in only about 
half (50-6070) of the total littoral cell popu- 
lation in these livers. Had labeled and non- 
labeled cells possessed equal phagocytic po- 
tential, we would have expected only half of 
the labeled cells to contain colloid. These 
observations suggest that the cells which have 
been stimulated to divide by estradiol treat- 
ment are particularly avid phagocytes. 

Exp. 2 was designed to test whether colloid 
loaded cells are capable of division or whether 
the recovery from “blockade” is a result of 
proliferation of unloaded cells or “stem cells”. 
Since most of the thymidine labeled littoral 
cells contained colloid, we must conclude that 
the active phagocytes are capable of DNA 
synthesis after ingesting colloid, and that to 
a large extent, the littoral cells which are pre- 
paring for division come from the colloid con- 
taining population. 

In this experiment it is noted that some of 
the cells which do not appear to contain col- 
loid are also preparing for division. This ob- 
servation, though sugges tive, cannot establish 
with certainty that the labeled cells without 
observable colloid were stimulated by some 
intercellular mechanism. There are 3 alter- 
native explanations for this observation : these 
cells may have contained colloid which was 
not recognized; the labeled cells without col- 
loid could have resulted from a colloid shed- 
ding division during the 2-day period before 
the tritiated thymidine was injected; they 

may have been in the normal pool of dividing 
cells and did not happen to phagocytize at  the 
time the colloid was available. 

Although cell division normally follows 
DNA synthesis, it seemed possible that those 
cells which contained colloid might fail to en- 
ter the mitotic division for which they had 
prepared. Therefore, sections were scanned 
for mitotic figures. About 0.5 to 170 of the 
littoral cells were found to be in mitosis. Col- 
loid was visible in approximately 8070 of 
these cells so that the fraction of dividing cells 
containing colloid was similar to the fraction 
of DNA synthesizing cells containing colloid. 
This indicates that the ingested colloid did 
not interfere with the division process to any 
major extent, and under in vivo conditions, 
confirms the observation made many years 
ago by Beard and Rous(3) that Kupffer cells 
which had ingested colloidal material were 
capable of division in culture. 

We have previously reported( 1) a very 
high liver DNA specific activity 2 days after 
intravenous injection of saccharated iron ox- 
ide. In the present experiment the radioau- 
tographic data (Exp. 2, Table I) indicate that 
this DNA synthesis is not confined to the lit- 
toral cells in the colloid-loaded livers. The 
large increase which occurred in the per- 
centage of parenchymal cells synthesizing 
DNA and undergoing mitosis, together with 
their relative abundance and polyploidy, 
makes their contribution a sizeable fraction of 
the total live- DNA synthesis. The explana- 
tion for the parenchymal cell proliferation is 
unknown but may be a response to mild in- 
jury. 

The fraction of littoral cells containing col- 
loid was found to be the same in perilobular 
and centrilobular regions in sections which 
had been prepared primarily for radioauto- 
graphy. Howard et  aL(4) had, however, re- 
ported marked perilobular distribution of col- 
loidal iron. Duplicate sections were therefore 
reexamined after staining with Perls’ stain for 
ferric iron in order to make the colloid more 
clearly visible. When these sections were ex- 
amined under low magnification, it was obvi- 
ous that most of the iron was located in peri- 
lobular regions confirming the observation of 
Howard et al. Scoring under high power, 
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however, again showed no essential difference 
in the percentage of littoral cells containing 
colloid in the 2 regions (Table 11).  Two fac- 
tors appear to account for the observation 
that the perilobular areas contain a large pro- 
portion of the total iron. The individual pha- 
gocytes in this region generally contain a 
larger amount of colloid per cell than do the 
cent rilobular phagocytes, and concentration 
of littoral cells is higher in the perilobular re- 
gion, as indicated by the ratio of littoral cell 
nuclei to parenchymal cell nuclei (Table 11). 

The overall percentage of littoral cells con- 
taining recognizable colloid was slightly 
higher in sections stained with Perls’ stain 
(Table 11) than in the sections used for ra- 
dioautographs (Table I). This is probably 
due to the fact that the unstained colloid was 
more difficult to see and some cells containing 
small amounts of colloid were therefore scored 
as negative. 

The livers of mice stimulated with estra- 
diol had a higher ratio of littoral cell to par- 
enchymal cell nuclei than the controls (Table 
I I ) ,  confirming this point in our previous re- 
port ( 1 ) .  Both the relative increase in littoral 
cell number (Table 11) and the percent label- 
ing (Table I )  were similar in the perilobular 
and centrilobular regions, indicating that cells 
in both regions proliferated equally. In con- 
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trast, in the animals recovering from “block- 
ade” the thymidine labeling was always 
higher in the central areas than in the peri- 
lobular areas (Table I, Exp. 2 ) .  Bensch et al. 
( 5 )  pointed out that fibroblasts which have 
ingested small amounts of particulate ma- 
terial divide normally, but that cells which 
have ingested very large amounts do not di- 
vide. I t  may be that the perilobular phago- 
cytes, which have ingested a great deal more 
colloid than the centrilobular phagocytes, are 
to some extent prevented from undergoing 
DNA synthesis and division. This may also 
explain the fact that the relative increase over 
control values in cell number (littoral cell nu- 
clei/lOO parenchymal cell nuclei) is greater 
in the central than in the perilobular areas in 
the colloid-loaded livers (Table 11). 

I t  is important to note that the experi- 
ments reported here relate only to the prolif- 
eration of the littoral cells of the liver and 
that this is but one of the possible mechan- 
isms of R. E. system activation(6). Thus, 
following endotoxin injection, Howard ( 7)  
has described conversion of “F” type to “G” 
type littoral cells(8), and an increase in acid 
phosphatase content of existing liver littoral 
cells. 

Summary. Radioautographs of liver sec- 
tions from mice given tritiated thymidine 
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were used to identify the cells which were pre- 
paring for division and colloidal saccharated 
iron oxide was used to identify the active 
phagocytic cells. In livers of mice whose re- 
ticulo-endothelial system was stimulated by 
estradiol, it was established that the cells pre- 
paring for division and those which had re- 
cently divided were actively phagocytic. In 
livers of mice whose reticulo-endothelial sys- 
tem had been “blockaded” with saccharated 
iron oxide, it was established that the cells 
which had phagocytized colloid were able to 
divide in the process of recovery from “block- 
ade.” No evidence was found for a stem cell 
which proliferates and differentiates to pro- 

vide the active phagocytic population. 
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Origin of the Galvanic Skin Response.” (27579) 

BENJAMIN A. SHAVER, J R . ~  SAUL W. BRUSILOW,~ AND ROBERT E. COOKE 
(Introduced by C. P. Richter) 

Department of Pediatrics, Johns Hopkins University School of Medicine and Harriet Lane Home, 
Johns Hopkins Hospital, Baltimore, M d .  

If a metal plate electrode is placed on the 
skin surface of the human palm, or on the 
foot or toe pads of the cat, and the body of 
the experimental subject grounded by means 
of another metal plate electrode a t  some point 
on the body at a distance from the first elec- 
trode, a change in electrical potential will oc- 
cur between the 2 electrodes in response to a 
stimulus transmitted to the skin by the sym- 
pathetic nervous system. There is a simul- 
taneous decrease in the skin’s resistance to the 
passage of an electric current. When the po- 
tential change is elicited by any painful, start- 
ling, or threatening event in the environment 
of the experimental subject, it is referred to 
as the galvanic skin rejlex. When the stimu- 
lus is applied peripherally as when a periph- 
eral sudomotor nerve, or the sympathetic 
trunk to the hind extremity is stimulated, the 
potential change is called the galvanic skin 
response. The wave forms of the galvanic 

*This project was supported in part by grant 

t Fellow of Maryland Heart Assn. 
t Senior Kcsearch Fcllow, U.S.P.M.S. 

from U. S. Public Hcalth Service. 

skin reflex and the galvanic skin response, 
when recorded from metal plate electrodes 
(hereafter referred to as “macroelectrodes”) 
covering a portion of the skin’s surface, are 
identical. Their latent periods differ as would 
be expected from the difference in the path 
length and conduction time of the nerve fi- 
bers carrying the stimulus to the skin (1). 

Various theories of origin of the galvanic 
skin reflex and the galvanic skin response 
have been advanced at one time or another 
since their discovery by Fere(2) and Tar- 
chanoff (3) ,  respectively, over 70 years ago. 
Veraguth (4), by implanting the grounded, 
or indifferent, electrode beneath the skin sur- 
face, demonstrated that the potential change 
originated within the skin, rather than from 
muscle and other underlying tissues. The 
controversy primarily centers around the 
question of whether this phenomenon is 
caused by sweating, the widely accepted view. 
These theories and the experimental evidence 
supporting them have been reviewed by Wang 
(1) .  

Richter(5) pointcd out that the skin 110- 




