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Summary. Light and electron microscopic pancreatic changes were studied in 47 meta- 
bolically normal and in 59 subdiabetic rabbits  t ha t  had received a diet containing 1% chol- 
esterol for periods ranging from two weeks to 12 months.  Subdiabetes had  been induced by 
small doses of alloxan alone or by  appropriate, sequentially administered injections of corti- 
sone and alloxan. Nine animals served as normal controls. In  keeping with the low avidity 
of rabbi t  pancreatic tissue for cholesterol as demonstrated biochemically by others (Ho and 
Taylor, 1968, 1971), the observed pancreatic lesions in normal and in subdiabetic, hyper- 
cholesterolemic animals were generally much less severe and less extensive than  were altera- 
tions in other organs, such as the kidneys and parts  of the cardiovascular system, of these 
same rabbits.  Membrane-bound vacuolar inclusions harboring granular, membranous and 
amorphous material and giving the cytoplasm a foamy appearance were noted in the exocriue 
pancreatic acinar cells, and similar vacuoles as well as occasional cholesterol clefts were present 
in several endocrine A and B ceils. Atheromatous plaques were much rarer in pancreatic 
blood vessels than  in the arterio-arteriolar systems of the kidney and of the heart ,  and they 
were nearly always localized and nonocclusive. Comparatively more histologic lesions were 
noted in rabbi ts  fed cholesterol for longer periods of time. There were no differences in the  
incidence of pancreatic alterations between metabolically intact  and subdiabetic animals. 
I t  is concluded t ha t  all tissue components of the rabbi t  pancreas (exocrine and endocrine 
parenchyma, intersti t ium, and blood vessels) display a greater resistance towards the develop- 
ment  of morphologically demonstrable lesions in hypercholesterolemia than  do most other  
organs of this animal. 

Zusammen/assung. Die Bauchspeicheldrfisen yon 47 stoffwechselgesunden und  59 la tent  
diabetischen Kaninehen, die 2 ~Vochen bis 12 )/J[onate lung eine Di/it mit  1%igem Cholesterin- 
zusatz erhalten hat ten,  wurden licht- und elektronenmikroskopisch untersucht.  Der latente 
Diabetes war durch kleine Alloxandosen oder mit  Cortison-Alloxan-Gaben induziert  worden. 
Neun unbehandel te  Tiere dienten als Kontrolle. In  Ubereinst immung mit  der yon g o  und 
Taylor (1968, 1971) biochemisch ermit tel ten niedrigen Affinit~t des Kaninchenpankreas  fiir 
Cholesterin waren die morphologisch faBbaren Veriinderungen in der Bauchspeicheldrfise bei 
den hypercholesterin/~mischen Kaninchen beider Gruppen erheblich weniger ausgepr~gt und 
starker umschrieben als etwa die in den Nieren und im kardiovaskul~ren System derselben 
Tiere. In  den schaumig umgewandelten exokrinen Driisenzellen fanden sich ultrastrukturell  
yon Membranen umschlossene Vacuolen mit  kbrnigen oder lamell~ren Strukturen oder mi t  
amorpher Substanz. Einige A- und B-Zellen der Langerhansschen Inseln enthie l ten/ ihnl iche 
vacuol~re Einschliisse und gelegentlich auch Cholesterinnadeln. Atheromat5se Verii.nderungen 
waren in den Arterien und Arteriolen des Pankreas deutlich seltener als in der Niere oder im 
Herzen und zudem st/irker umsehrieben wie auch fast immer nicht-ocelusiv. Mit der Fiitte- 
rungsdauer nahm die H/iufigkeit der LS~sionen zu, doch zeigten sich keine quant i ta t iv  signifi- 
kan ten  Unterschiede zwischen stoffwechselgesunden und la tent  diabetischen Tieren. Morpho- 
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logisch gesehen unteMiegt also das Pankreas des Kaninchens in allen seinen Anteilen (exokri- 
nen Drfisen, Langerhansschen Inseln, Zwischengewebe und BlutgefEssen) dem schgdliehen 
EinfluB einer langdauernden Hypercholesteringmie in crheblieh geringerem 1VIage als das ffir 
die meisten anderen Organe dieses Tieres gilt. 

I n  previous work, the authors  have reported on renal  (Wel lmann and  Volk, 
1970a, 1971) and  on cardiovascular (Wel lmann and  Volk, 1970b; Volk and  Well- 
mann ,  1971) al terat ions in  metabol ical ly  normal  and  in  subdiabet ic  rabbi ts  fed a 
cholesterol-enriched diet  for periods ranging from two weeks to a full year. Since 
no systematic  inves t igat ion of histologic changes in  the pancreas has yet  been 
recorded in  exper imenta l  hypcrcholestcrolemia, i t  was decided to utilize the 
pancreases of these same groups of animals  for such a study.  Only al terat ions 
related to, and  p resumably  caused by, the hypereholesterolemic state will be 
discussed; pancreat ic  islet cell changes a t t r ibu tab le  to induced subdiabetes  have 
al ready been described elsewhere (Lazarus and  Volk, 1964; Volk, Lazarus, and  
Wel lmann ,  1965 ; Volk, Wcl lmann ,  and  Lazarus,  1965 ; Volk, Wellmarm, Lazarus, 
and  Braneato,  1969; Wel lmann ,  Brancato,  Lazarus, and  Volk, 1967; Wel lmann ,  
Volk, and  Lazarus,  1967). 

Material and Methods 

A total of 115 adult white New Zealand rabbits (99 of them males) were utilized for this 
study. They were divided into four groups, according to the Table. Listed in the table arc the 
number of rabbits in each group, their metabolic states, their diets, and their sacrifice sched- 
ules. 

Subdiabetes was induced by pretreatmcnt with appropriate doses of cortisone followed 
by a large dose of alloxan (Lazarus and Volk, 1964; Volk, Lazarus and Wellmann, 1965; 
Volk, Wellmann and Lazarus, 1965; Volk, Wellmann, Lazarus, and Brancato, 1969; Well- 
man, Brancato, Lazarus, and Volk, 1967) or with small doses of alloxan alone (Wellmann, 
Brancato, Lazarus, and Volk, 1967; Wellmann, Volk, and Lazarus, 1967). Procedural details 
and rationales of these methods may be found in our previous publications (Lazarus and 
Volk, 1964; Volk, Lazarus, and Wellmann, 1965; Volk, Wellmann and Lazarus, 1965; Volk, 
Wellmann, Lazarus, and Brancato, 1969; Wellmann, Brancato, Lazarus, and Volk, 1967; 
Wellmann, Volk, and Lazarus, 1967). The induced subdiabetic state is characterized by 
persistent normoglycemia, under ordinary conditions, which changes to hyperglycemia (of at 
least 190 rag%) following repeated, usually ineffective (nondiabetogenie) daily injections of 
small cortisone doses. All rabbits of Groups II  and III  were subdiabetic in the defined sense. 

The diet for animals of Groups I, II  and I I I  consisted of Purina Rabbit chow containing 
1% cholesterol. Since the addition of 2% corn oil in some of these rabbits failed to influence 
the results (Wcllmann and Volk, 1970a, b), this practice was soon discontinued. Rabbits 
participating in the experiment for more than four months were fed cholesterol-containing 
food for periods of two months alternating with two-month periods in which no cholesterol 
was added to the diet. This interrupted feeding schedule has been shown to reduce mortality 
in long-term studies and permits the development of advanced vascular lesions (Constantini- 
des, 1965). In addition to their solid diets, all rabbits received water with 5% glucose ad 
libitum. 

The blood levels of glucose (Nelson, 1944), total cholesterol and cholesterol esters (Chia- 
mory and Henri, 1954), phospholipids (Hawk, Oser and Summcrson, 1954), nonesterified 
fatty acids (Duneombe, 1964), total lipids (Van Slyke and Plazin, 1965), creatinine (Owen, 
Iggo, Scandrett, and Stewart, 1954) and blood urea nitrogen (Hyeel, 1964) were determined in 
all animals before, as well as at approximately hi-weekly intervals after, the initiation of 
cholesterol feeding. The daily as well us the total food intake of all rabbits was measured and 
tabulated. 
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Table. Synopsis o/ experimental design indicating metabolic state, diet and saeri/iee schedule 
o/ all rabbits 

Group Nmnber Metabolic Diet 
of state 
rabbits 

Number of rabbits killed 

Weeks Months 

2 4 6 2 3 4 6 7 8 9 1012  

I 47 Normal Cholesterol 

I I  32 Subdiabetic Cholesterol 
(alloxan alone) 

I I I  27 Subdiabetic Cholesterol 
(cortisone 
and alloxan) 

IV 9 Normal Normal 

4 4 4 4 4 4 5 4 4 4 4 2  

4 4 4 4 2 4 1 1 2 2 2 2  

4 4 4 4 - - 4 1 2 1 1 1 1  

All animals were killed by the intravenous injection of an overdose of Nembutal. Diced 
blocks, measuring less than 1 mm in greatest diameter, of various organs, including the pan- 
creases, were fixed for two hours in icecold 1% osmic acid solution containing 20.83 % acetate- 
Veronal buffer, as well as 4.5 % sucrose (Caulfield, 1957), adjusted to a pH of 7.4, and embedded 
with Epon 812 (Luft, 1961). Ultrathin sections were then cut with glass knives on a Porter- 
Blum microtome, stained with lead citrate and uranyl acetate (Reynolds, 1963), and viewed 
and photographed with an RCA EMU-3G electron microscope. The remaining pancreatic 
tissue was fixed in Zenker-formol solution. Paraffin-embedded sections were cut and stained 
with hematoxylin and eosin, PAS-trichrome, and a modified aldehyde-fuchsin trichrome 
stain as previously described (Lazarus and Volk, 1962). 

Results 

Biochemistry. The blood glucose, urea nitrogen and creatinine levels of all 
rabbits generally stayed within their normal ranges during the entire period of the 
experiment. All blood lipid fractions rose rapidly after the initiation of cholesterol 
feeding and remained abnormally elevated for as long as the cholesterol-enriched 
diet was supplied. Both subdiabetic groups (Groups I I  and I I I )  showed consider- 
ably higher average levels of cholesterol, phospholipids and total  lipids, even 
before cholesterol was added to the diet, and for the first few months of cholester- 
ol feeding thei r  average figures s t ayed  in a higher  range t han  those of the  meta -  
bol ical ly  i n t ac t  animals.  Dur ing  the la te r  s tages of cholesterol  admin i s t ra t ion ,  
these in i t ia l ly  d i s t inc t  differences in the  blood l ipid levels between the  meta-  
bol ical ly  normal  r abb i t s  of Group I and  the  subdiabe t ic  animals  of Groups  I I  and  
I I I  t ended  to d isappear .  A more deta i led  account  of the  blood l ipid changes in 
these r abb i t s  has been presented  elsewhere (Wel lmann and  Volk, 1970a, 1971). 

Light Microscopy. The islets of Langerhans  d id  not  show de tec tab le  l ight  
microscopic a l te ra t ions  in any  of the  106 cholesterol-fed rabb i t s  a p a r t  f rom 
changes a t t r i bu t ab l e  to  subdiabetes ,  such as B cell degranu la t ion  (Fig. 1), which have  
been descr ibed elsewhere (Lazarus and  Volk, 1964; Volk, Lazarus ,  and  Wel lmann ,  
1965; Volk, Wcl lmann ,  and  Lazarus ,  1965; Volk, Wel lmann ,  Lazarus ,  and  Bran-  
cato,  1969; Wel lmann ,  Brancato ,  Lazarus ,  and  Volk, 1967; Wel lmann ,  Volk 
a n d  Lazarus ,  1967). No t  inf requent ly ,  small  or large groups  of exocrine panc rea t i c  

8* 
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Figs. 1-4 
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acinar cells were characterized by a finely foamy quali ty of their cytoplasm. 
This change was barely noticeable in m a n y  cells, bu t  in others it was quite un- 
equivocal (Fig. 1). I n  15 rabbits, including six of 66 (9 %) fed cholesterol for up to 
four months  and nine of 40 (23 % ) on the cholesterol diet for more than  six months,  
cytoplasmic vaeuolization was extensive and distinct. Among these 15 animals 
there were nine subdiabetie ones. One the other hand, interstitial foam cells, as 
readily found in hear t  and kidneys (Volk and Wellmann, 1971; Wellmann and 
Volk, 1970a, b, 1971) were not  identified by  light microscopy in any  of these 
pancreases. The pancreatic duets were unremarkable.  

I n  the major i ty  of cases, no arteriosclerotic lesions were noted. Atheromatous  
plaques in large and medium-sized arteries (Fig. 2) were found in only seven of 66 
(11%) rabbits  before the end of the fourth month  and in 11 of 40 (28%) animals 
after at  least six months  of cholesterol feeding. Of these 18 rabbits  with vascular 
involvement,  10 were snbdiabetic. Almost invariably, the observed arteriosclerot- 
ic plaques were flat and circumscribed. Occlusive lesions or part icipation of very  
small arteries and of arterioles in the a theromatous  process were encountered 
only very  occasionally (Fig. 3). 

Electron Microscopy. In  only two of the 106 cholesterol-fed rabbits  could inter- 
stitial foam cells be identified by  electron microscopy. In  each of them, a single 
such cell was noted in the exocrine pancreas in the immediate  vicinity of a capil- 
lary (Fig. 4). 

Many exocrine pancreatic aeinar cells were seen to contain occasional mem- 
brane-enclosed cytoplasmic lesions. I n  several cases- -most  of them the same 
tha t  had revealed foamy exocrine cells by  light mic roscopy- - the  cytoplasm was 
riddled with such vacuolar inclusions which harbored granular,  lamellar or 
amorphous  material  of varying electron densi ty (Figs. 5 and 6). No ul t ras t ructural  
alterations were noted in the pancreatic duet  cells. 

The islets of Langerhans revealed few electron microscopic changes other than 
those a t t r ibutable  to snbdiabetes which have been discussed elsewhere (Lazarus 
and Volk, 1964; Volk, Lazarus and Wellmann, 1965; Volk, Wel lmann and Laza- 
rus, 1965; Volk, Wellmann, Lazarus,  and Brancato,  1969; Wellmann, Braneato,  
Lazarus,  and Volk, 1967; Wellmann, Volk, and Lazarus,  1967). Four  eases with 
interstitial (Fig. 7) or int~acytoplasmie (Fig. 8) cholesterol clefts were encountered. 

Fig. 1. Pancreas of subdiabetic rabbit of Group I I  fed cholesterol for 3 months. The acinar 
epithelial cells contain numerous small vacuoles in their cytoplasm. The ]3 cells (arrow) of the 
islet of Langerhans display degranulation attributable to subdiabetes. PAS-triehrome stain. 

× 960 

Fig. 2. Portion of large pancreatic artery branch of normal rabbit of Group I fed cholesterol 
for 8 months. A fibrotic intimal plaque containing a few foam cells (arrow) is present. Hema- 

toxylin and eosin. × 280 

Fig. 3. Small pancreatic artery with occlusive intimal plaque. Subdiabetie rabbil~ of Group I I I  
fed cholesterol for 10 months. Hematoxylin and eosin. × 190 

Fig. 4. Electron Inierograph of a pericapillary cell from a metabolically normal rabbit of 
Group I fed cholesterol for 4 weeks. The cytoplasm contains membrane-enclosed vaeuolus 
which appear either empty or harbor granular or amorphous material (arrows). C capillary; 

E endothelial cell. × 18700 
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Figs. 5 and 6 
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In  several A and especially B cells of three rabbits, membrane-bound cytoplasmic 
vacuoles were noted. Most of these appeared empty, but some contained electron- 
dense material and small erystalloid structures (Fig. 9). 

Discussion 

Rabbits apparently lack such homeostatic mechanisms as limitation of absorp- 
tion, suppression of synthesis, and acceleration of excretion of sterols (Cook, 
Kliman, and Fisser, 1954; Ho and Taylor, 1968, 1971), and their only means of 
coping with a great extraneous influx of cholesterol is to reversibly deposit the 
excess material in their tissues. However, not all tissues can store cholesterol 
to the same degree. In  comparative studies on tissue cholesterol content, Ho and 
Taylor (1968, 1971) exposed the relatively low avidity of the rabbit pancreas for 
cholesterol even when this substance is offered in large quantities and over a 
prolonged period of time. These authors found that of all the major organs and 
tissues of that  species only the brain and the pancreas failed to increase their 
cholesterol content to a significant degree after three months of exposure to a 
diet containing 2% cholesterol (Ho and Taylor, 1968). However, continuous 
feeding, for nine months, of the cholesterol-enriched diet resulted in a threefold 
elevation of the pancreatic cholesterol content; nevertheless, even this degree of 
augmentation amounted to only a fraction of the total increase observed in most 
other tissues of this animal. Conversely, cholesterol loss from the pancreas after 
the cessation of cholesterol feeding was found to proceed at a somewhat faster 
rate than was true for many other organs. 

The present study confirms, on morphologic grounds, the biochemical data 
as presented by Ho and Taylor (1968, 1971) for the rabbit pancreas. In  contrast 
to the conditions in other organs of which we have investigated the kidneys 
(Wellmann and Volk, 1970a, 1971) and parts of the cardiovascular system (Volk 
and Wellmann, 1971; Wellmann and Volk, 1970b), the pancreatic alterations 
attributable to induced hypereholesterolemia were characterized both by their 
relative paucity and by their limited extent. Whereas the great majority of the 
kidneys, the hearts, the coronary artery branches and the aortas of these same 
rabbits contained lesions demonstrable by light and electron microscopy, espe- 
cially after prolonged cholesterol feeding, only 18 of 106 hypercholesterolemic 
animals displayed unequivocal pancreatic arterial atheromatons plaques most 
of which were focal and nonocclusive at that. 

By comparing the histologic lesions from different, sites in these rabbits it has 
also become obvious that the mode of cholesterol storage differs markedly from 

Fig. 5. Portions of several exoerine pancreatic epithelial cells from a subdiabetic animal of 
Group II fed cholesterol for 2 months. There are many membrane-bound cytoplasmic inclu- 
sions containing lamellar, vesicular or granular material of varying electron density (arrows). 

C capillary; ER endoplasmic retieulum;/V nucleus; P prozymogen granules, x 11200 

Fig. 6. Portion of another exocrine pancreatic epithelial cell, from a subdiabetic animal of 
Group III  fed cholesterol for 4 months. Much of the cytoplasm is occupied by large membrane- 
bound vesicles filled with granular material of low electron density and a few lamellar structu- 

res (arrows). N nucleus. X 11200 
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Figs. 7-9 
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one organ to the next, a fact that  cannot be deduced from tissue cholesterol studies 
alone. Thus, in the kidneys (Wellmann and Volk, 1970a, 1971) huge quantities of 
cholesterol are sequestered in grossly visible interstitial foam cell plaques located 
below the cortico-medullary junction. Renal parenchymal and arterio-arteriolar 
involvement are present but are not quite as impressive. In the heart (Volk and 
and Wellmann, 1971; Wellmann and Volk, 1970b), vascular plaques--often large 
or occlusive and sometimes associated with ischemic myocardial lesions--predo- 
minate by far; parenchymal lipid vacuoles are fairly frequent but interstitial foam 
cell nests are always small and rather rare in tiffs organ. In the pancreas, on the 
other hand, interstitial foam cell accumulation is virtually nonexistent, and vas- 
cular involvement is minimal in most cases. The greater part of whatever cholester- 
ol does get stored in the pancreas must therefore be lodged in the parenchymM 
cells. This appears, indeed, to be the case; yet in only a minority of animals in 
our series was lipid storage extensive enough to induce many parenchymal vacuo- 
lar lesions detectable by light and electron microscopy. 

The morphologie features of the observed pancreatic acinar cell inclusions 
differed from those seen in renal (Wellmann and Volk, 1970a, 1971) and cardio- 
vascular (Volk and Wellmann, 1971; Wellmann and Volk, 1970b) alterations of 
these same rabbits mainly by containing fewer electron-dense lamellar and other 
large particulate components. Undoubtedly, these structural differences reflect 
hydrolysis and recombination of the stored lipids in a manner peculiar to the indi- 
vidual organ or tissue. That breakdown, resynthesis and modifications of lipids 
derived from the circulating blood do occur in various tissues of the rabbit (and of 
other mammals, including man) has been amply documented (Baes, van Gent and 
Pries, 1968 ; Bfittner, 1966; Day, Fidge, Gouldhurst and Wilkinson, 1965 ; Day, 
Gould-Hurst and Wilkinson, 1964; Jepson, Billimoria, and MacLagen, 1965; 
Newman and Zilversmit, 1959; Stfittgen and Vogelberg, 1965; Wilson, 1963). 
There is thus no reason to doubt that similar processes also take place in the 
exocrine pancreas which is, furthermore, richly endowed with enzymatic tools. 

In addition to membrane-bound lesions, occasional elongate acicular struc- 
tures, so-called "cholesterol clefts", were encountered in the cytoplasm of some of 
the pancreatic islet cells, as mentioned. The fact that  none of these were surround- 
ed by a limiting membrane can only mean that their phagocytosis preceded 
crystallization inasmuch as a crystalloid body phagocytized as such should be in- 
vested with a membrane. The possibility that  crystallization occurred only during 
the fixation process cannot be excluded. 

Fig. 7. Cholesterol clefts (arrows) in the pericapillary interstitium between two pancreatic B 
cells (B) of a metabolically normal rabbit of Group I fed cholesterol for 2 weeks. C capillary; 

N nucleus. X 8500 

Fig. 8. Cholesterol clefts (arrows) in cytoplasm of pancreatic B cell of same animal as in 
Fig. 7. N nucleus. × 14000 

Fig. 9. Several 13 cells (B) and one A cell (A) of metabolically normal rabbit of Group I fed 
cholesterol for 7 months. All cells contain membrane-bound vacuoles (straight arrows) some 
of which harbor ill-defined electron-dense material. Two rectangular crystalloid structures are 

seen in one of the vacuoles (curved arrow). × 10500 
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C o m p a r a t i v e l y  m o r e  h i s to log ic  lesions were  seen  in  r abb i t s  f ed  cho les te ro l  for  

s ix  m o n t h s  a n d  longer  t h a n  in t hose  on  t h e  cho le s t e ro l - en r i ched  d i e t  for  fou r  m o n t h s  

a n d  less. Th is  is in  keep ing  w i t h  t h e  b i o c h e m i c a l  d a t a  of t t o  a n d  T a y l o r  (1968, 1971) 

a n d  para l le l s  ou r  o b s e r v a t i o n s  in  o t h e r  o rgans  of these  s a m e  r abb i t s  (Volk a n d  

W e l l m a n n ,  1971 ; W e l l m a n n  a n d  Vo]k0 1970a,  b, 1971). I n  c o n t r a s t  to  t h e  condi-  

t i ons  f o u n d  in  these  o t h e r  organs ,  h o w e v e r ,  t he r e  were  no  a p p a r e n t  d i f fe rences  in  

t h e  i nc idence  or  s e v e r i t y  of p a n c r e a t i c  a ] t e r a t i o n s - - e x o c r i n e ,  endocr ine ,  a n d  

v a s c u l a r - - b e t w e e n  t h e  m e t a b o l i c a l l y  i n t a c t  r a b b i t s  a n d  t h e  a n i m a l s  w i t h  i n d u c e d  

subd iabe t e s .  

Acknowledgements. Valuable technical assistance was provided by Mrs. Celina Mitgang, 
Miss Rochelle Schranz, Mr. Robert  Bressner, Mr. Zoran Dordevie and Mr. Irwin Berger. 
Mr. Herbert A. Fisehler, Chief Medical Photographer, prepared the illustrations, and Mrs. 
Renee Brenner typed and edited the manuscript. 

Re fe rences  

]3aes, H., Gent, C. 1~. van, Pries, C. : Lipid composition of various types of xanthoma. J.  invest. 
Derm. 51, 286-293 (1968). 

Biittner, W. : Lipidverteilung in der Kaninchenaorta bei di~tetischer Cholesterin-Atherose. 
Frankfurt. Z. Path. 75, 126-140 (1966). 

Caulfield, J.  B. : Effects of varying the vehicle for OsO 4 in tissue fixation. J .  biophys, biochem. 
Cytol. 3, 827-830 (1957). 

Chiamory, N., Henry, R. J.  : Study of the ferric chloride method for determination of total 
cholesterol and cholesterol esters. Amer. J.  clin. Path. 81, 305-309 (1959). 

Constantinides, 1).: Experimental atherosclerosis, l~ew York: Elsevier Publishing Company 
1965. 

Cook, 1%. P., Kliman, A., Fisser, L. i~. : The absorption and metabolism of the cholesterol and 
its main companions in the rabbit-with observations on the atherogenic nature of the 
sterols. Arch. Biochem. 52, 439-450 (1954). 

Day, A. J., Fidge, N. H., Gouldhurst, P. R. S., Wilkinson, G. K. : metabolism of cholesterol 
ester by reticulo-endotheliM cells. Quart. J.  exp. Physiol. 50, 248-255 (1965). 

- -  Gould-Hurst, P. 1%. S., Wilkinson, G. K. : The incorporation of 14C-labeled particulate 
cholesterol into lipoprotein by macrophages. J. atheroseler. Res. 4, 497-506 (1964). 

Duncombe, W. G. : The colorimetric micro-determination of non-esterified fat ty acids in 
plasma. Clin. chim. Acta 9, 122-125 (1964). 

Hawk, P. B., Oser, B.L. ,  Summerson, W. H.: Practical physiological chemistry, 13th ed., 
p. 589-590. New York and Toronto: The ]31akiston Company, Inc. 1954. 

Ho, K. J., Taylor, C. ]3. : Comparative studies on tissue cholesterol. Arch. Path. 86, 585-596 
(1968). 

- -  Taylor, C. ]3. : Mode of cholesterol accumulation in various tissues of rabbits with moderate 
hypercholesterolemia. Proc. Soc. exp. Biol. (N.Y.) 186, 249-252 (1971). 

Hycel Urea Nitrogen Determinations, Revision 2. Houston: Hycel, Inc. 1964:. 
Jepson, E. M., ]3illimoria, J.  D., lV[acLagen, N. F. : Serum and tissue lipids in patients with 

familial xanthomatosis. Clin. Sci. 29, 383-390 (1965). 
Lazarus, S. S., Volk, ]3. W. : The pancreas in human and experimental diabetes, p. 257-267. 

New York: Grune & Stratton 1962. 
- -  - -  Studies on a latent diabetic state in cortisone-alloxan treated rabbits. Diabetes 13, 

54-59 (1964). 
Luft, J.  H. : Improvements in epoxy resin embedding methods. J. biophys, biochem. Cytol. 

9, 409-4:14 (1961). 
Nelson, N. : Photometric adaptation of Somogyi method for determination of glucose. J.  biol. 

Chem. 153, 375-380 (1944). 
Newman, H. A., Zilversmit, D. ]3. : Origin of various lipids in atheromatous lesions of rabbits. 

Circulation 20, 967 (1959) (abstract). 



Diabetes, Blood Lipids, Pancreas 109 

Owen, J. A., Iggo, B., Scandrett ,  F. J., Stewart, C. P. : The determinat ion of creatine in plasma 
of serum, and in urine; a critical examination. Bioehem. J. 58, 426-437 (1954). 

Reynolds, E. S. : The use of lead citrate at  high pH as an electron-opaque stain for electron 
microscopy. J.  Cell Biol. 17, 208-212 (1963). 

Slyke, D. D. van, Plazin, J.  : The preparation of extracts of plasma lipids free from water 
soluble contaminants.  Clin. chim. Acta 12, 46-54 (1965). 

Stiittgen, C., Vogelberg, K. H. : Die Lipide der Hautxanthome.  Eine Analyse mit  chromato- 
graphischen Methoden. Arch. klin. exp. Derm. 22g, 43-56 (1965). 

Volk, B. W., Lazarus, S. S., Wellmann, K. F. : Beta cell s tructure in la tent  and chronic dia- 
betes of the rabbit .  Diabetes 14, 792-804 (1965). 

- -  Wellmann, K . F . :  Experimental  atheromatosis in normal and subdiabetic rabbits.  II .  
Long-term studies. (1971) (in press). 

- -  Lazarus, S. S. : Fine structure of rabbi t  pancreatic B cells in cortisone-alloxan induced 
subdiabetes. Lab. Invest.  14, 1375-1391 (1965). 

- -  - -  - -  Brancato, P. : Beta  cell morphology and insulin immunoassay in long-term sub- 
diabetic rabbits. Arch. Path.  88, 413-422 (1969). 

Wellmann, K. F., Braneato, P., Lazarus, S. S., Volk, B. W. : Rabbi t  beta cell ul t rastructure 
and insulin radio-immunoassay in experimental subdiabetes. Arch. Path.  84, 251-263 
(1967). 

- -  Volk, B. W. : Renal changes in experimental hypercholesterolemia in normal and in 
subdiabetic rabbits.  I. Short term studies. Lab. Invest .  2~, 36-49 (1970a). 

- -  - -  Experimental  atheroselcrosis in normal and subdiabetic rabbits.  I. Short- term studies. 
Arch. Path.  99, 206-217 (1970b). 

- -  - -  Renal changes in experimental hypercholesterolemia in normal and in subdiabetic 
rabbits.  II.  Long term studies. Lab. Invest.  24, 144--155 (1971). 

- -  - -  Lazarus, S. S. : Ultrastruetural  pancreatic beta-cell changes in rabbits  after small and 
large doses of alloxan. Diabetes 16, 242-251 (1967). 

Wilson, J.  D. : Studies on the origin of the lipid components of xanthomata .  Circular. Res. 12, 
472~t78 (1963). 

Prof. Dr. Klaus F. Wellmann 
Isaac Albert  Research Ins t i tu te  of the 
Kingsbrook Jewish Medical Center 
Brooklyn, New York l l203/U.S.A. 


