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villii washings of the second segment in one 
animal. I n  no case was a cholesterol pattern 
obtained. A comparison of the x-ray diffrac- 
tion patterns obtained in vivo and in vitro is 
presented In Table TT. 

Lliscussion. Davis ( 2 )  previously observed 
that both sitosterol and crystals of 1: 1 cho- 
lesterol-sitosterol mixed crystal have only one- 
third the solubility of cholesterol in methanol, 
and exhibit similarly reduced solubilization in 
aqueous sodium oleate or sodium desoxy- 
chollate systems. Sitosterol thus physically 
removes cholesterol from the dispersed state 
necessary for absorption. These experiments 
present evidence that formation of a mixed 
crystal of cholesterol and sitosterol may in- 
deed be a mode of action responsible for the 
hypo-cholesteremic effect in ingested plant 

sterols. The relative importance of other pro- 
posed mechanisms is undergoing further in- 
ves tigation. 

Summary. It was shown that a 1 : 1 choles- 
terol: sitosterol mixed crystal are formed 
not only in aqueous in vitro systems, but also 
in vivo. 
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In previous work ( 1,2,3) glucose-6-phospha- 
tase was demolnstrated within the pancreatic 
B cells in rabbits, guinea pigs and dogs, as 
well as in ductular epithelium of the dog. 
Presence of this enzyme in the B cell as well 
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Fischler. 

as known direct relationship between glycemic 
level and insulin production led to the hy- 
pothesis that the net amount of glucose-6- 
phosphate available for B cell metabolism 
regulates rate of insulin output. Since glu- 
cose-6-phosphate is the first step in entrance 
of glucose into the metabolic cycle, a histo- 
chemical study was undertaken of pathways 
for glucose oxidation within the B cells. Me- 
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tabolism of glucose-6-phosphate could pro- 
ceed by either the hexosemonophosphate 
( HllP)  pathway or by the Embden-’illeyer- 
hoff (E.M.) pathway and the Krebs cycle. 
For the HMP pathway the tripholsphopyri- 
dine nucleotide (TPN) linked enzyme glu- 
cose-6-phosphate dehydrogenase (G-6-PD ”) 
as well as T P N  diaphorase (TPKD) were 
studied. Since E.31. enzymes are mostly di- 
phosphopyridine nucleotide ( D T’S ) linked. 
lactic dehydrogenase as well as U P S  diaphor- 
ase ( D P S D )  were studied. Succinic dehydro- 
genase (SD ) was utilized as an indicator for 
Krebs cycle activity. 

M u t e r i d  und methods.  S e w  Zealand 
white rabbits of either sex weighing 2.5 to 
3.5 kg were sacrificed by overdosage with 
nembutal. The pancreas was removed im- 
mediately and frozen in petroleum ether. kept 
at  -70 ’C by dry ice(4). The frozen tissue 
was dried with filter paper and stored in stop- 
pered tubes a t  -20°C. Cryostat sections a t  
10 ,A were affised to cover slips and incubated 
immediately (G-6-PD and SD) or placed in  
neutral 67; calcium formol at  -4°C for 15 
minutes prior to incubation (TI’SD. DPNI) 
and LD) . Additional blocks of pancreas were 
placed in Zenker formol solution and proc- 
essed as described previously ( 5 ) . A moditi- 
cation of the method of Hess ct aZ.(6) was 
used to demonstrate G-6-PD and LL) activity. 
The incubating solution consisted of: 
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pH 7.6 phosp1i:lte buffer (0.1 11) with so- 
diuin cyanide ( 2  mg ‘/c ) 

S i t r o  1 3 - I ’  ( 3  nlg /ml)  
AI:igiiesimni clilorirlc (.@5 11 .(i 
~ ~ l u c o s c - ~ i - y l r o s p l ~ ~ t t ~ ~  p tass innr  salt (.I x) 

T I “  (25 i n g / i d )  or TIPN (50 nig/ml) 
or  sodium lactate (.5 

For SD the incubating medium consisted of 2 
cc each of the buffer, Nitro B-T solution and 
0.5 ill sodium succinate. For ‘L’PSD and 
D P N D  a modification of Scarpelli’s method 
( 7 )  was used. The solution consisted of 1 .25  
cc each of buffer and Nitro B-Tj to which is 
added 2.5 cc of distilled water and 30 mg of 
either T P N H  or DPNH. After addition of 
the reduced pyridine nucleotide the solution 
is stable for only 1% hours. For osmotic pro- 
tection of tissue, 7.5 % poIyvinylpyrrolidine 

was added to each medium( 6 ) .  For D P N H  
and T P N D  sections were incubated 15  to 20 
minutes. For dehydrogenases 1 to 1$ hours 
gave best results. Control sections were incu- 
bated in media without substrates. After in- 
cubation sections were rinsed briefly in dis- 
tilled water and fixed in 10% neutral formalin 
o\iernight. They were then washed in run- 
ning tap water for 30 minutes and rinsed in 
distilled water. Alternate sections were 
mounted in glycerine jelly and the remainder 
dehydrated in cellosolve. cleared in toluene 
and mounted in permount. 

Reszilts. G-6-PD staining was most marked 
in €3 cells of the islets and in the ductular epi- 
thelium (Fig. 1 ) .  Abundant, small granules 
could be seen throughout the cytoplasm of 
these cells (Fig. 2 ) .  Khen  slides are mounted 
in aqueous media the A cells are identifiable, 
stained pale brownish red by monoformazan 
and showinq refractile globules packed in the 
cytoplasm. G-6-PD activity is seen as a few 
sparse coarse blue granules. D cells could 
not be identified. The reaction in the acinar 
tissue was similar to that in A cells. The wall 
of arterioles showed numerous small granules 
apparently in the cytoplasm of smooth mus- 
cle cells. 

Distribution of T P N D  activity differed 
from that of G-6-PD in that all pancreatic 
elements showed greater reactivity. The cy- 
toplasmic structures were morphologically 
similar to those showing G-6-PD activity but 
in A cells and in acinar cells they were more 
abundant and of a darker color (compare 
Figs. 1 and 3 ) .  With some exceptions, LD 
showed distribution and localization of stain- 
ing similar to DI’ND (Figs. 4, 5 ) .  However, 
in each instance, DPND activity was greater 
than that of LD. Both showed marked stain- 
ing of densely packed, fine cytoplasmic gran- 
ules in duct epithelium and somewhat less in- 
tense staining in the form of fine granules in 
acinar cells. The islets showed minimal reac- 
tivity except for well stained groups of A cells 
(Fig. 6 ) .  Arteriolar walls had numerous re- 
active granules which were more numerous 
after DPNL) staining than after LD staining. 
In  addition, after staining for DPND,  acinar 
cell walls could be seen as blue outlines. 
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FIG.  1. Rabbit pancreas showing distrihution of glucose-6-phosphate dehydrogcnase. Thew 
is marked activity iii B cells (J3) as well as in i luc t  epitbeliurn (D). Areas of islets occupied by 
.Q cells (arrowj as well as the acinar tissue show limited staining. X 100. 

FIG. 2. High power view of same pancreas as in Fig. 1 showing Beiisely paclred cytoplasmic 
panules in B cells (B) and sparselF stainiiig granules in A cells (A).  X 960. 

FIG. 3, Rabbit paiicreas showing distribution of triphosphopyridine iiucleotide diaphorase. 
Note similarity of localization t o  that of glueose-6-phosphate clchgdrogenase. X 150. 

FIG.  4. Rabbit pancreas showing distribution of lactic dehydrogenase. Most marked activ- 
i ty is  in duct epithelium (D), acinar tissue and A cells (arrow). R cells (€3) stain very lightly. 
X 150. 
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S.D. activity was distributed throughout 
the pancreas. I t  was most intense in duct 
epithelium and in B cells, less so in other cells 
(Fig. 7) .  The walls of arterioles contained 
numerous rather coarse granules. The intra- 
cellular localization of S.D. differed from that 
of other enzymes studied. The reactive struc- 
tures appeared as varying sized rods as well 
as spheres suggestive of mitochondria (Fig. 
8)  

Discussion. Our results indicate that G-6- 
P oxidation in rabbit pancreatic B cells is pre- 
dominantly via the HMP shunt while the EM 
pathway plays a secondary role. The well 
marked S.D. activity found in the islets is a t  
variance with results of biochemical studies 
in toadfish( 8 ) .  The low ratio of S.D. to cy- 
tcrchrome oxidase is probably accounted for 
by the limited metabolic role which the EM 
pathway and the Krebs cycle plays in B cells 
as compared with the H M P  shunt. 

The high level of all enzyme activity in 
duct epithelium is surprising in view of their 
lack of secretory activity. However, it would 
be in accord with the fact that these are com- 
paratively primitive cells, as demonstrated by 
neogenesis of islet cells and acinar tissue from 
ducts in both the adult animal and the em- 
bryo(9,10,11). The relatively greater activ- 
ity and wider distribution of TPND than of 
G-4-PD denotes the presence of additional 
TPN-linked enzymes bcth within the G-4-I’D 
containing cells and at  other sites( 4,12,13,14). 
The relative activity and distribution of LD 
and DPND are similarly interpreted. 

Both biochemical and histochemical studies 
(7,15.14,17,18,19) have shown that S.D. ac- 
tivity is limited to mitochondria. Alorphol- 
ogy of the reactive structures for this enzyme 
in the pancreas are in accord with this view- 
point. On the other hand, the intracellular 
localization of the other 4 enzymes has not 
been clarified. Some have claimed that these 
oxidative enzymes also are localized to mito- 
chondria (6,7,18,20). However, human eryth- 
rocytes which lack mitochondria metabolize 
glucose by the H M P  pathway(2 1,22,23,24). 
Furthermore, in studies on cell homogenates 
these enzymes have been reported i n  both 
mitochondria1 and extr~imilochon(lria1 frac- 
t ions(  25:26). I n  Imncreatic cells they showetl 

up as abundant, generally small, closely 
packed granules diffusely distributed in the 
cytoplasm. Furthermore, DPND showed in- 
tense staining of acinar cell borders. These 
findings suggest that they are mostly extra- 
mitochondrial. 

High HbIP activity is found in other cell 
systems which are actively synthetic, as in 
liver, lactating mammary gland and adrenal 
cortex(27,28,29). This pathway may serve, 
not only to supply energy for metabolic prac- 
esses but, also, as a source of TPNH. I t  has 
been claimed that cell synthetic activity may 
depend on generation of TPNH(30,31) and 
a role for it in insulin synthesis may be pos- 
tulated. It is also feasible that T P N H  pro- 
duction controls insulin output by influenc- 
ing the biological activity of the many en- 
zymes which depend on presence of free sulf- 
hydryl groups, or by maintaining glutathione 
in the reduced state ( 2 7 ) .  The possible im- 
portance of sulfhydryl groups and of gluta- 
thione in B cell metabolism has been stressed 
in connection with the toxic action of alloxan 
(8). Furthermore, i t  has been shown in red 
blood cells that high levels of G-6-PD are 
necessary for the stability of reduced gluta- 
thione (24). 

1) A histochemical study has 
been conducted of the distribution of glu- 
cose-4-phosphate dehydragenase ( G-6-PD), 
triphosphopyridine nucleotide diaphorase 
(TPND)  , lactic dehydrogenase (LD) , diphos- 
phoipyridine nucleotide diaphorase (DI’ND) 
and succinic dehydrogenase (SD) in the pan- 
creas of the rabbit. G-6-PD was found prin- 
cipally in B cells and duct epithelium; LD in 
duct epithelium, acinar tissue and A cells. 
TPND was present throughout, with greatest 
activity in B cells and in duct epithelium and 
good activity in other areas. SD activity was 
present throughout the pancreas with greatest 
staining in B cells and duct epithelium. The 
reactive structures for SD seemed to be mito- 
chondrial while the other enzymes apparently 
are mostly extramitochondrial. 2 )  These 
findings demonstrate that glucose metabolism 
in B cells is predominantly via the hexose 
monophosphate shunt, and indicates a role for 
it in insulin synthesis. A I-elationshili bet wc~eii 
TPNH generation by this l’athway and avail- 

Summary. 



ability of reduced glutathione or of free SH 
grcups in enzymes is considered as a possible 
mechanism controlling B cell insulin output. 

1. Lazarus, S. S.. F d .  Proc., 1959, v18, 488. 
& .  3 -  . PRO(.. So( . .  EM.. Rroi , .  ASD MID., 

3 .  - , ihid., in press. 
4. Tcbie. J .  E.. J .  Historhriir. & C'~tochei i r . ,  IO;K. 

v6. 2 7 1 .  
5 .  Lazarus, S. S.. :1. .I(. .1. .lr.ch. Path. ,  19.58, ~ 6 6 .  

7 6 7 .  
6.  Hess, R., Scarpelli, D. G., Pearse, -1. G.  E.. J .  

Biophys. Biochem. Cytol . ,  19.58, v4, 7 3 .  
7 .  Scarpelli, D. G., Hess, K.. Pearse, A. G. E., ihid., 

1958, v4, 747. 
8 .  Lazarour. I., in Esper.iiitmtn1 I)i?hrtrg, ed .  I)!- 

Delapresi.ia>-e. J .  F., and Smith, H. G., C. C Thorns.. 
Springfield, Ill., 19.54, p49. 

9. Kyrle, J . ,  L.lrc-h. f. ni ikr .  . l i ? a t . ,  1908, v i 2 ,  141, 

cited by Cameron, G. R.. Pathology of the (.elI, 
Ol i \w and Boyd. Edin. 19.72. 

10. Bargman. IY .?  in yon Mollendcri, /I-,- Hand- 
h irr h d c  r .I I i k  1'0,s k o pisc Ii c iz n 17 iz t o 1 1 1  if> d ~ r  dl f:i ,sr /? c 71 . 

~ 1 . 1 .  2 .  Julius Springer, Berlin. 
11. Lazarus, s. s., 1-c-lk, H .  11-.. &1 .J/ ..1. . l r r h .  YlZth., 

19.59, v67, 456. 
1 2 .  Sachlas, M. M. ,  Walker, D. G. ,  Selignian, 

A. M., J .  Biophys. Biochcni. Cyto l . ,  19.78, v4, 407. 
13. ___ , ibid., 19.78. v4, 29. 
14. Cascarno, J.,  Zweifach, R .  if?., ihid. ,  1959, \,.;, 

1 c).ic), 

1-101, 819. 

309. 

15. Nachlas, M. M., TSOU, K C., De  Souza, E., 
Cheng, C. S., Seligman, A. M., J .  Histochem. and 
Cytocheni., 19.57, v5, 420. 

16. Hogeboom, G.  H., Claude, A,,  Hotchkiss, R. D., 
J Riol. Chein., 1946, v165, 615. 

17. Pearse, A .  G. E., Scarpelli, D. G., Nature, 19.58, 
\181, 702. 

18. Pearse, .A. G. E., Scarpelli, D. G., Brown, S., 
P i  oc. Bioi-hem. Soc., 1957, v68, 18p. 

19. Raldwin, E., Dynamic Aspects of Bicchemistry, 
('amb. liniv. Press, 1952, p449. 

20. Pesr$e, A .  G. E., J .  Clin. Path., 1958, v l l ,  520. 
2 1 .  Secheles, T., Buetler, E., J .  Clin. Invest., 

2 2 .  Dickens, F., Ann. X, Y. i l c a d .  Sci., 1958, v75, 

2;. Mark,  P. A,,  Johnsrn, A. B., Hlrschberg, E., 

24. Gross, R. T., Mark,  P. .4., ihid., 1958, v75, 106. 
2 5 .  HoFehoom, G. H., Scheider, W. C., J .  Biol. 

26. Ernstcr, L., Savazio, F., Exp.  Cell Res., 1956, 

2 7 .  L-tter. M. F., .4nn. RPV.  Riochcin., 1958, v27, 

2s. Glocli, G. E., McLean, P., Biorhein. J . ,  1954, 

29. - , Biochem. Biophys. Acta, 1953, v12, 590. 
30. Siperstein, M.  D., Diabetes, 1958, v7, 181. 
31. N-ilson, J .  D., Siperstein, M. D.. J .  Clin. Inves t ,  

1959, v38, 317. 

Receiiwl September 16, 1959. P.S.E.B.M., 1959, v102. 

1959, v3s, 788. 

71. 

Bank, J.. ihid., 1958, v7.5, 9.7 

Chcin., 19.50, v186, 421. 

,.ll? 383. 

745. 

"7'6, 171. 

Essential Growth Factor in Serum Dialysate for Chick Skeletal Muscle 
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Growth requirements for mammalian cells 
in tissue culture have been investigated ey- 
tensively by Eagle and his associates(3 ) .  .4 
number of established cell lines will prolifer- 
ate indefinitely as monolayers in the presence 
of 13 essential amino acids, 8 vitamins, 6 ions. 
and a suitable carbohydrate source, provided 
that dialyzed serum is added to the culture 
medium (5 .6 ) .  Freshlv isolated monke\T kid- 

~~ ~ 
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ney cells have similar short term requirements 
although indefinite cultivation on Eagle's 
ineditini and dialyzed serum has not been 
achieved ( 4 ) .  Our comparable experiments on 
chick cells have shown that monolayer cul- 
tures obtained from skeletal muscle fail to 
grow or survive in dialyzed serum supple- 
mented by Eagle's medium. Subsequent work 
as detailed below indicates that these cells 
require one or more additional factors present 
in serum dialysate but not occurring in Eagle's 
medium or other synthetic nutrients presently 
available. 


