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Abstract The level of cholesterol synthesis and the activity of 
the cholesterol feedback system were studied in tissue slices from 
a number of organs of the guinea pig. In contrast to the tissue dis- 
tribution of sterol synthesis in the rat, liver slices of the guinea pig 
have a low rate of sterologenesis, with ileum and lung being the 
most active sterologenic tissues. More surprising, all tissues stud- 
ied in the guinea pig, including lung, ileum, and brain, were 
shown to possess an active cholesterol feedback system. The basis 
for the widespread organ distribution of cholesterol feedback con- 
trol in the guinea pig is probably the ability of the various tissues 
of the guinea pig to take up and concentrate exogenous cholesterol 
and is not the result of any inherent differences in the lipoprotein 
composition in this species. 
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While it has been known for over two decades that under 
in vitro conditions every mammalian tissue examined is ca- 
pable of synthesizing cholesterol from acetate (1 ), the liver 
is generally believed to be the chief source of endogenous 
cholesterol in higher animals. Consistent with this major 
role in sterol synthesis, it is well established that in all 
species studied (2-7), including man (8), cholesterogenesis 
in the liver is subject to a sensitive negative feedback con- 
trol system by which exogenous cholesterol depresses he- 
patic cholesterol production through a specific inhibition of 
the synthesis of mevalonic acid (9-1 1). Extensive studies 
have also lent strong support to the current consensus that 
this cholesterol-sensitive cholesterol feedback system is lim- 
ited only to liver (12). It should be emphasized, however, 
that the latter conclusion is based upon studis carried out 
primarily in the rat, with one report demonstrating a simi- 
lar pattern in the squirrel monkey (13) and one other (4) 
demonstrating that in the dog this feedback response is also 
restricted only to liver. To determine whether this limited 
tissue distribution of cholesterol feedback control applies to 
other species, we examined in vitro the tissue localization 
of both cholesterol synthesis and the cholesterol feedback 

system in another widely used laboratory animal, the guin- 
ea pig. 

The results demonstrate, first, that in this species hepatic 
sterol synthesis proceeds only slowly, with the lung and in- 
testine of the guinea pig representing the most active sites 
of sterologenesis. Second and most unexpectedly, in con- 
trast to the restricted hepatic localization of cholesterol 
feedback control observed in the rat (1 2), monkey (1 3), and 
probably the dog (4), the cholesterol feedback system in the 
adult guinea pig is present in all tissues studied, including 
lung, spleen, adrenal, brain, intestine, and lymph node. 

MATERIALS AND METHODS 

Animals and diets 
Female guinea pigs weighing 300-500 g were used in 

this study. Control and Triton-treated animals were fed ad 
lib. Purina guinea pig chow to which was added oleic acid 
to a total concentration of 10%. This diet contained less 
than 2 mg of cholesterol per gram, as determined by gas- 
liquid chromatography. Cholesterol-fed animals were 
given Purina lab chow containing 10% oleic acid and 5% 
cholesterol for 7 days prior to the in vitro studies. 

Triton-treated animals were injected intraperitoneally 
with 250 mg of Triton WR-1339 (oxyethylated t-octyl 
phenol, obtained from Winthrop-Steams, Inc., New York) 
in 2.5 ml of normal saline on three successive evenings and 
were killed 18 hr after the third injection. 

Tissue preparation 
The animals were exsanguinated between 9:OO and 

1O:OO a.m.; their organs were promptly removed, washed 
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with cold saline, and placed in beakers of Krebs-Ringer 
phosphate buffer (pH 7.4) at 0°C. Tissue slices 1 mm 
thick were prepared with a McIlwain tissue slicer (M. 
Mickle, Gomshall, Surrey, England). 200 mg of each tissue 
(except adrenal, of which 100 mg was used) was placed in 
a 25-ml center-well flask containing 2 ml of Krebs bicar- 
bonate buffer, 2 pCi of sodium [2-l4C]acetate (sp act 2 
pCi/pmole; New England Nuclear Corp., Boston, Mass.), 
and 5 pmoles of unlabeled sodium acetate. The flasks were 
gassed with 95% 02-5% CO2 and stoppered, and the sam- 
ples were incubated at 37°C for 2 hr in a Dubnoff meta- 
bolic shaker at 100 oscillations/min. 
Isolation of 14C-labeled sterols, fatty acids, and CO2 

The analytical procedures were essentially those pre- 
viously described from this laboratory (9). After incuba- 
tion, the contents of the flasks were acidified with 1 N 
H2SO4, and 0.3 ml of 1 M Hyamine solution (Packard In- 
strument Co., Downers Grove, Ill.) in methanol was added 
to the center wells. The flasks were shaken at room tem- 
perature for 45 min, and an aliquot of the Hyamine solu- 
tion was assayed for 14C02 in a 2,5-diphenyloxazole-1,4- 
bis[2-(5-phenyloxazolyl)]-benzene (PPO-POPOP) mix- 
ture using a Beckman liquid scintillation counter. 

The samples were then alkalinized and saponified, and 
the alkaline hydrolyzates were extracted three times with 5 
vol of petroleum ether. 3-&Hydroxysterols were precipi- 
tated with digitonin and dried, and an aliquot was assayed 
for 14C as previously described (5). It is, of course, recog- 
nized that other sterols besides cholestero1,may be included 
in this digitonin-precipitable fraction, and the term “sterol 
synthesis” will therefore be employed to designate the I4C 
incorporated into digitonin-precipitable sterols. 
Total tissue cholesterol 

Duplicate aliquots of digitonin-precipitable sterol were 
dried and dissolved in 2 ml of acetic acid. 4 ml of acetic an- 
hydride-sulfuric acid 2O:l was added, and after 35 min the 
resulting color was read at 660 nm on a Gilford spectro- 
photometer. Cholesterol-containing lipoproteins were pre- 
pared after feeding roosters Purina Layena chicken mash, 
to which was added 5% cholesterol and 10% corn oil, and 
bleeding them from the wing veins after 1-3 wk on this 
diet. The cholesterol-rich lipoproteins were isolated from 
the serum by centrifugation at 100,000 g for 16 hr. The in- 
franate was then removed, and the uppermost layer con- 
taining the lipoproteins was washed twice by thorough 
mixing with 0.9% saline and recentrifugation at 100,000 g 
for 2 hr. The resulting washed lipoproteins3 were resus- 
pended in 0.9% saline prior to injection. The cholesterol 
concentration of this fraction was 1060 mg/100 ml, and the 
triglyceride concentration was 249 mg/lOO ml. 

It is recognized that this preparation of chicken lipoproteins may con- 
tain chylomicron remnants and very low density lipoproteins as well as 
chylomicrons. 

TABLE 1. Sterol synthesis in seven tissues of rat and guinea pig 

Rate of Acetate Incorporation 
into Sterol 

Tissue Rata Guinea Pig 

nmoIes/g/2 hr f SEM 
Liver (9)b  179.0 f 48.7 7.9 f 1.4 
Ileum (7) 114.3 i: 27.5 130.0 * 13.4 
Lung (9) 6.7 t 0.1 22.0 * 2.8 
Adrenal (7) 5.0 f 0.6 13.2 f 1.7 
Spleen (7) 3.5 0.3 10.5 t 2.5 
Lymph node (6) 6.5 t 0.6 

4.9 i 0.5 Brain (6) 0.5 t 0.2 

a After Dietschy and Siperstein (12). 
bNumbers in parentheses indicate the number of guinea pigs stud- 

ied. 

RESULTS 

Sterol synthesis: its feedback control and response to 
Triton in various tissues of the guinea pig 

As shown in Table 1, under the in vitro conditions em- 
ployed, liver slices from normal guinea pigs fed a low cho- 
lesterol diet synthesize sterols at a relatively slow rate, 
which averages only 4% of that of rat liver and is only 6% 
of that of the guinea pig ileum. On the other hand, all of 
the other tissues examined in the guinea pig were found to 
synthesize sterols at rates significantly greater than the cor- 
responding tissue of the rat. Triton administration (Table 
2), however, increased hepatic sterol synthesis in the guin- 
ea pig 17-fold, demonstrating that the guinea pig liver has 
the potential for very rapid sterol production. As also indi- 
cated in Table 2, feedback control of sterol synthesis in the 
guinea pig liver is very effective; in these experiments cho- 
lesterol feeding for 1 wk reduced hepatic sterol synthesis to 
6% of that of the normal liver and to 0.4% of that of the 
Triton-treated liver. These results therefore demonstrate 
that, in the guinea pig, hepatic sterol synthesis is under 
sensitive feedback control and that, moreover, even in the 
normal animal fed a relatively low cholesterol diet, sterolo- 
genesis is greatly suppressed, presumably by the feedback 
effect of endogenous cholesterol. 

TABLE 2. Effect of cholesterol feeding and Triton treatment 
on sterol synthesis in seven guinea pig tissues 

Sterol Synthesis 

Tissue Normal 5% Cholesterol Triton 

nmoles acetate/g/% hr + SEM 
Liver (9)“ 7.9 f 1.4 0.5 f 0.1 132.0 f 23.3 
Ileum (7) 130.0 + 13.4 37.0 t 1.5 357.5 5 35.1 
Lung (7) 22.2 t 2.8 4.9 t 0.8 81.5 f 10.5 
Adrenal (6) 13.1 t 1.7 3.8 f 0.8 19.6 f 4.0 
Spleen (9) 10.5 f 2.6 0.5 + 0.2 16.1 f 4.1 
Lymph node (7) 6.5 + 0.6 1.3 f 0.3 6.0 ?: 0.6 
Brain (6) 4.9 f 0.5 0.9 f 0.3 4.1 f 0.6 

aNumbers in parentheses indicate the number of animals studied. 
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Ileum 

The ileum was by far the most active sterol-producing 
organ studied in the normal guinea pig. It is of interest that 
the major sterol synthesized' by the guinea pig intestine, as 
shown by Ockner and Laster (14), is not cholesterol but 
lathosterol. Triton administration resulted in a maximal 
rate of sterol synthesis that was also the most rapid of any 
tissue examined in this species, being nearly three times 
that of liver. 

Sterologenesis in the ileum is also very sensitive to di- 
etary cholesterol but not so much so as is liver; i.e., sterol 
synthesis in the ileum was feedback-suppressed to 28% of 
normal while the comparable inhibition in the liver 
amounted to 6% of the control value. As a result, in the 
cholesterol-fed as well as in the normal guinea pig, the in- 
testine represents the major site of sterol synthesis in vitro. 

Lung 
The results obtained in the lung provided the most unex- 

pected findings of this study. On an average, lung dices of 
the normal guinea pig produce sterol at a rate three times 
that of liver, a rate more rapid than that in any other organ 
studied except the ileum. Triton administration increases 
sterol synthesis in lung fourfold to a maximal rate ap- 
proaching that of the Triton-stimulated liver. On the other 
hand, dietary cholesterol markedly suppresses sterol syn- 
thesis in the lung to a rate 22% of that of the animal on a 
low cholesterol diet. Thus, guinea pig lung is capable of 
very active sterol synthesis and, most unexpectedly, pulmo- 
nary tissue possesses a very sensitive cholesterol feedback 
system. 

Adrenal 

Adrenal is also capable of synthesizing sterols at a signif- 
icant rate; per weight of tissue the rate is nearly twice that 
of the liver in the normal animal. Triton administration 
elicits only a modest increase in sterologenesis in this tissue; 
however, dietary cholesterol was found to suppress sterol 
synthesis in the adrenal by at least 70%. 

Spleen 
In the guinea pig, spleen normally synthesizes sterols at 

a rate per unit weight that is very similar to that of liver. 
Sterologenesis in the spleen is, moreover, significantly sup- 
pressed by dietary cholesterol; however, the results of Tri- 
ton treatment indicate that, unlike the liver, the spleen in 
the normal animal synthesizes sterols at about 70% of its 
maximal rate, i.e., it is not significantly stimulated by the 
Triton administration. 

Lymph node 

Lymph node synthesized sterols less rapidly than did 
spleen and was also less sensitive to control by exogenous 

TABLE 3. Effect of cholesterol feeding and Triton treatment 
on sterol content of guinea pig tissues 

~ ~~ 

Digitonin-precipitable Sterols 

Tissue Normal 5% Cholesterol Triton 
~ ~~ ~ 

mg/g tissue f SEM 
1.4 f 0.1 1 Liver (9)a 1.9 f 0.18 6.lb ? 0.82 

Ileum (7) 2.2 f 0.31 2.5 f 0.44 2.6 i 0.60 
Lung (7) 4.5 f 0.39 6.0b + 0.35 5.7b f 0.37 
Adrenal (6) 27.2 f 2.10 32.3 f 1.43 '22.6 * 1.90 
Spleen (9) 3.4 i 0.52 5.7b * 0.66 5.0 f 0.75 
Lymph node (7) 2.2 * 0.49 3.2 * 0.46 2.9 f 0.10 
Brain (6) 14.2 f 2.07 17.9 f 1.00 17.0 f 1.90 

UNumbers in parentheses indicate the number of animals studied. 
bhdicates values significantly different (P < 0.05) from normal 

values. 

sterol. On the basis of the results of Triton stimulation, it 
appears that the lymph node in the normal animal pro- 
duces sterols at or near its maximal rate. 

Brain 

Unexpectedly, brain slices of the adult guinea pig are ca- 
pable of synthesizing sterols at a rate per gram approach- 
ing that of liver. Moreover, sterol synthesis in the guinea 
pig brain is depressed by dietary cholesterol to 20% of nor- 
mal. The failure of Triton treatment to stimulate sterol 
synthesis suggests that, in the adult guinea pig on a low 
cholesterol diet, the brain synthesizes sterol at or near its 
maximal rate. 

Cholesterol content of guinea pig tissues after 
cholesterol feeding 

The effects of cholesterol feeding on the tissue concentra- 
tions of cholesterol are summarized in Table 3. The cho- 
lesterol-fed guinea pig accumulated cholesterol in every 
organ studied; however, in terms of total cholesterol per 
unit weight of tissue, liver and adrenal concentrated the 
greatest amounts of cholesterol. The lung, followed by 
spleen and lymph node, showed lower levels of cholesterol; 
ileum accumulated very little cholesterol. When the level of 
this cholesterol accumulation is compared with the normal 
cholesterol content of these various tissues, it is found that 
the liver becomes the chief depot of exogenous cholesterol, 
more than tripling its cholesterol content. It is, however, 
apparent from the data in Tables 2 and 3 that the absolute 
tissue concentrations of cholesterol in guinea pigs fed either 
a high or a low cholesterol diet are poorly correlated with 
the relative rates of cholesterol synthesis in the various or- 
gans studied. 

Sterol synthesis from [l-14C]octanoate 
Because dilution of acetate or differences in the activa- 

tion of acetate to acetyl CoA might conceivably account for 
some of the differences in conversion of acetate to sterols in 
the guinea pig tissues, sterol synthesis was quantified in a 
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TABLE 4. Effect of cholesterol feeding on sterol synthesis 
from [l-"C] octanoate 

Sterol Synthesis 

Normal 5% Cholesterol 

Tissue Acetate OctanoaW Acetate Octanoatea 

nmoles acetate or octanoateJgJ2 hr 
Liver 28.4 15.4 0.9 0.1 
Lung 13.3 10.0 3.2 1.7 
Spleen 15.2 11.2 1.2 0.5 

al'C incorporation from [ 1-I4C] octanoate was multiplied by 4 to 
correct for incorporation of active C, units into sterols. 

single experiment in which [ l-14C]octanoate was employed 
as the source of the labeled active acetate (acetyl CoA). Al- 
though it is recognized that differential dilution of sub- 
strate from one tissue to another might also occur with oc- 
tanoate, demonstration of sterol synthesis and its feedback 
control with a second substrate would strengthen the con- 
clusion that this system has a widespread tissue distribu- 
tion in the guinea pig. 

The results of this experiment (Table 4) demonstrate 
that, when employed as sterol precursors in guinea pig 
tissues, acetate and octanoate yield very similar results. 
Both the level of sterol synthesis and the degree of feedback 
inhibition in the three tissues studied, i.e., liver, lung, and 
spleen, were approximately the same with the two sub- 
strates. It should be noted that in this one experiment the 
incorporation of both [I4C]acetate and [14C]octanoate into 
sterols by the liver was higher than in previous experi- 
ments; however, even in this experiment hepatic sterol syn- 
thesis by the guinea pig was far less than that seen in the 
rat liver. 

Effect of intravenous infusion of cholesterol on 
synthesis and uptake of sterol in guinea pig tissue 

The effect of intravenously administered cholesterol-con- 
taining lipoproteins on sterol synthesis in guinea pig liver, 
spleen, and lung was next studied. The injection of hyper- 
lipemic serum from cholesterol-fed chickens has previously 
been shown (15) to be an effective means of suppressing 
cholesterol synthesis in mouse liver. Washed chicken lipo- 

proteins were therefore employed to determine whether the 
widespread tissue distribution of feedback control in the 
guinea pig is due to some unique property of guinea pig li- 
poprotein or is the result of a difference in the tissue re- 
sponse of the guinea pig to exposure to cholesterol-rich li- 
poproteins. Table 5 demonstrates that an intravenous infu- 
sion of lipoprotein-bound cholesterol causes significant 
suppression of sterol synthesis not only in guinea pig liver 
but also in lung and spleen. By contrast, in the rat a similar 
dose of lipoprotein-bound cholesterol causes suppression of 
sterol synthesis only in liver, with lung and spleen showing 
no changes in the rates of sterologenesis. The absolute 
values for the untreated animals in this study differ some- 
what from those in the experiment shown in Table 1; how- 
ever, this variation is that usually seen in experiments deal- 
ing with cholesterol synthesis in isolated tissues. Despite 
this biological variation, these results again dramatically 
demonstrate the marked difference in sterol synthesis be- 
tween rat and guinea pig tissues. As shown in Table 5 ,  the 
sensitivity of guinea pig lung and spleen to feedback control 
by such infused cholesterol is correlated with the uptake of 
sterol by these tissues. In the rat, in contrast to the guinea 
pig, neither lung nor spleen accumulates significant quan- 
tities of infused cholesterol. 

DISCUSSION 

It is widely believed that the liver represents the major 
tissue site of sterol synthesis and that this organ is the only 
site of cholesterol-mediated cholesterol feedback control in 
the body. The results of the present study demonstrate that 
these conclusions are not valid for all animal species. In the 
guinea pig the liver in fact appears to represent a relatively 
minor site of sterologenesis in that liver slices of the guinea 
pig fed a normal diet synthesize sterols at rates that on an 
average are less than those of intestine, lung, spleen, and 
adrenal. It is noteworthy that in an in vivo study Beher, 
Baker, and Penney (16) in 1963 noted that injection of 
[14C]acetate into the intact animal resulted in far less in- 
corporation of the label into hepatic sterols of the guinea 
pig compared with the rat. 

TABLE 5. Effect of infused cholesterol on in vitro sterol synthesisa and concentrationb in three tissues of rat and guinea pig 

Sterol Synthesis Sterol Concentration 

Animal Treatment Liver Lung Spleen Liver Lung Spleen 

Rat (4)C Control 322.2 f 92.6 6.2 f 1.0 2.6 f 0.9 2.2 f 0.1 3.9 f 0.2 2.7 f 0.1 
Cholesterol infusion 109.5 ? 3.8 8.1 t 1.2 3.0 t 0.5 2.5 f 0.1 4.1 * 0.2 2.8 t 0.0 

Guinea pig (3) Control 3.8 f 0.3 34.9 t 0.8 23.2t 1.8 2.2f 0.0 3 .2 t  0.2 3.3 t 0.0 
Cholesterol infusion 0.4 + 0.1 20.5 2 0.3 2.0 t 0.1 4.2 f 0.2 4.6 f 0.4 4.9 f 0.3 

aExpressed as nmoles acetate converted to digitonin-precipitable sterol/g tissue/2 hr incubation. Cholesterol in a dose of 20 mg/kg was 

bExpressed as mg digitonin-precipitable sterol/g tissue. 
CNumbers in parentheses indicate the number of animals studied. 

injected intravenously in the form of washed cholesterol-rich chicken lipoproteins, and animals were killed 6 hr later. 
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Fig. 1. 
tion in various tissues of the guinea pig. 

Relation between cholesterol accumulation and feedback inhibi- 

The most striking observation in the present study, how- 
ever, is that every tissue examined in the guinea pig is 
subject to cholesterol feedback control; the feeding of cho- 
lesterol caused an inhibition of sterol synthesis not only in 
liver (83%) but also in intestine (73%), spleen (95%), adre- 
nal (72%), and brain (80%). In this regard, the results in 
the lung are of particular note in that, except for the ileum, 
pulmonary tissue was the most active sterologenic tissue 
studied, and unexpectedly, lung, too, showed a marked 
feedback response (78%) to dietary cholesterol. Assuming 
an average weight of guinea pig lung of 4 g and a liver 
weight of 15 g, the total sterol production by the lung may 
be comparable to that of the liver. 

Whereas it is well known that the brain of the newborn 
rodent will synthesize sterols (l), in the rat this process de- 
creases rapidly after birth, and in the adult rat the brain is 
not capable of significant rates of sterologenesis ( 1 ,  12). 
Clearly, this is not true of the guinea pig in that, even in 
the 300-500 g adult animal, sterol synthesis in brain slices 
proceeds at rates that are not significantly less than those of 
liver. 

These observations obviously raise questions, which can- 
not at present be answered, as to the function of sterologen- 
esis in guinea pig lung and brain as well as in the spleen 
and lymph nodes, tissues that do not require sterols as pre- 
cursors for hormone production or, so far as is known, for 
secretion into the circulating sterol pool. 

While sterol synthesis in tissue slices of control guinea 
pigs provides a measure of normal sterol synthetic rates, it 
is well known that varying degrees of endogenous feedback 
inhibition occur in the rat liver in response to enterohepatic 
recirculation of endogenous cholesterol (17). As a result, 
even in animals fed a diet containing no cholesterol, tissues 
susceptible to feedback control will synthesize cholesterol at 
less than their maximal rates. Triton WR-1339 adminis- 
tration was therefore employed in the present study to ob- 
tain a measure of the maximal sterologenic capacity of the 

various guinea pig tissues that might normally be partially 
suppressed by endogenous cholesterol. Because this Triton- 
induced increase in sterol synthesis has been shown to re- 
sult from a stimulation of hydroxymethylglutaryl CoA re- 
ductase (1 8), the normal biochemical site of the cholesterol 
feedback reaction (9, lo), the procedure is physiologically 
meaningful as a means of assessing maximal sterologenic 
capacity. The results of these studies suggest that the guin- 
ea pig liver normally produces sterols at a rate far below its 
maximal capacity; however, it is apparent from the data in 
Table 1 that lung and ileum are normally under a signifi- 
cant degree of endogenous feedback control. By contrast, 
sterologenesis in spleen and adrenal are only slightly stim- 
ulated by Triton, and sterol synthesis in brain and lymph 
nodes is totally unaffected by this treatment. It is likely, 
therefore, that in the normal guinea pig these tissues are 
carrying out sterol synthesis at or near their maximal ca- 
pacities. The results of Triton administration therefore 
serve to confirm the conclusion that many tissues of the 
guinea pig are capable of both rapid sterol synthesis and 
feedback regulation. 

In addition to their susceptibility to cholesterol feedback 
control, each of the nonhepatic tissues of the guinea pig ac- 
cumulates cholesterol when the animal is fed a high choles- 
terol diet. An attempt was therefore made to determine 
whether the sensitivity of the cholesterol feedback system of 
the various guinea pig tissues to exogenous cholesterol 
might be related to this ability to accumulate exogenous 
sterol. The results indicate that, in animals fed either the 
low or the high cholesterol diet, the total content of choles- 
terol present in each organ is poorly correlated with the 
rate of cholesterol synthesis by that tissue. However, as 
shown in Fig. 1, if the relative amount of cholesterol accu- 
mulated, i.e., the cholesterol concentration of the tissue on 
the high cholesterol diet, divided by its normal concentra- 
tion, is plotted against the degree of feedback suppression, 
there is generally a good correlation between the level of 
such excess cholesterol and the suppression of sterologen- 
esis. The most obvious exception to this relationship occurs 
in the liver, in which sterol synthesis seems to be far less 
sensitive to cholesterol accumulation than is the case for 
other tissues. It is of course possible that this relationship 
may simply reflect the ability of the liver to accumulate rel- 
atively large amounts of cholesterol after endogenous sterol 
synthesis has been almost completely suppressed. In this 
regard, however, it should also be noted that Triton stimu- 
lation of sterologenesis was not accompanied by a compara- 
ble general depletion of tissue sterol. The result is consis- 
tent with our earlier suggestion that only specific lipopro- 
tein forms of cholesterol are capable of mediating the cho- 
lesterol feedback system (15). Moreover, as we have also 
previously emphasized, even after cholesterol feeding 
marked suppression of cholesterogenesis can occur in liver 
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prior to any detectable accumulation of cholesterol (9). 
The striking difference in feedback sensitivity between 

the extrahepatic tissues of rat and guinea pig could pre- 
sumably result from either of two differences in cholesterol 
metabolism in these two species. First, cholesteFo1 might be 
absorbed in the guinea pig in a lipoprotein form that is 
more readily taken up by various nonhepatic cells than are 
the cholesterol-containing lipoproteins of the rat! Second- 
ly, the responses of the peripheral tissues of the guinea pig 
may themselves differ from those of the rat in, for example, 
the ability of their cells to clear cholesterol-containing lipo- 
proteins from the blood or in the sensitivity of the response 
of P-hydroxy-0-methylglutaryl coenzyme A reductase, to 
exogenous cholesterol. To differentiate between these two 
possible mechanisms, washed chicken lipoproteins contain- 
ing sufficient cholesterol to cause significant suppression of 
hepatic cholesterol synthesis (15) were infused into rats 
and guinea pigs. The results indicate that the feedback sen- 
sitivity of the extrahepatic tissues of the guinea pig is not 
due to any unique property of guinea pig lipoproteins, in 
that cholesterol-rich lipoproteins obtained from chickens 
were found to cause definite suppression of sterologenesis 
in guinea pig liver, lung, and spleen. By contrast, in the 
rat, comparable infusions of chicken lipoproteins cause 
suppression of sterol synthesis only in the liver. A corre- 
sponding pattern of net cholesterol uptake occurred in these 
two species. In the guinea pig there was accumulation of 
cholesterol in liver, spleen, and lung, but only liver showed 
this response in the rat. 

It is reasonable' to conclude, therefore, that the wide- 
spread feedback sensitivity of sterol synthesis in the extra- 
hepatic tissues of the guinea pig is the result of the general 
ability of these tissues in the guinea pig to accumulate ex- 
ogenous cholesterol. Whether this property in turn is due 
to increased permeability of the guinea pig cell membrane 
to cholesterol-containing lipoproteins, is the result of an en- 
hanced intracellular cholesterol binding, or is caused by 
other differences in the ability of guinea pig cells to metab- 
olize cholesterol is currently under investigation. 

In summary, these data demonstrate that a wide variety 
of tissues in the guinea pig are capable of active sterologen- 
esis, a process that in this species is under feedback control 
by exogenous cholesterol in all tissues studied. It remains to 
be determined whether other animal species follow the pat- 
tern of restricted hepatic feedback control previously dem- 
onstrated in rat and monkey or whether, alternatively, 
other species show the widespread tissue distribution of the 

' It is known that the guinea pig plasma contains almost exclusively 
low density lipoproteins (19). In guinea pigs fed high cholesterol, high fat 
diets, the increased serum concentrations of cholesterol are also transport- 
ed by the low density lipoproteins. 

cholesterol feedback system demonstrated by this study to 
be characteristic of the guinea pig. 

This research was supported by USPHS research grant CA 
08501 (relocated to Ca 15979), by USPHS training grant CA 
05200, and by Damon Runyan Memorial Fund for Cancer Re- 
search Award no. 747. Dr. Siperstein was the recipient of a Re- 
search Career Award, HE 01958. 
Manuscript received 24 June 1974 and in revised form 17 March 
1975; accefited 30 April 1975. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Srere, P. A., I. L. Chaikoff, S. S. Treitman, and L. S. Bur- 
stein. 1950. The extrahepatic synthesis of cholesterol. J.  Biol. 
Chem. 182: 629-634. 
Gould, R. G. 1951. Lipid metabolism and atherosclerosis. 
Amer. J .  Med. 11: 209-227. 
Tomkins, G. M., H. Sheppard, and I. L. Chaikoff. 1953. 
Cholesterol synthesis by liver. 111. Its regulation by ingested 
cholesterol. J. Biol. Chem. 201: 137-141. 
Gould, R. G., C. B. Taylor, J. S. Hagerman, I. Warner, and 
D. J. Campbell. 1953. Cholesterol metabolism. I. Effect of 
dietary cholesterol on the synthesis of cholesterol in dog tissue 
in vitro. J. Biol. Chem. 201: 519-528. 
Langdon, R. G., and K. Bloch. 1953. The effect of some di- 
etary additions on the synthesis of cholesterol from acetate in 
vitro. J. Biol. Chem. 202: 77-81. 
Frantz, I. D., Jr., H. S. Schneider, and B. T. Hinkleman. 
1954. Suppression of hepatic cholesterol synthesis in the rat 
by cholesterol feeding. J .  Biol. Chem. 206: 465-469. 
Siperstein, M. D. 1970. Regulation of cholesterol biosynthe- 
sis in normal and malignant tissues. Curr. Top. Cell. Regul. 
2: 65-100. 
Bhattathiry, E. P., and M. D. Siperstein. 1963. Feedback 
control of cholesterol synthesis in man. J. Clin. Invest. 42: 
1613-1618. 
Siperstein, M. D., and M. J. Guest. 1960. Studies on the site 
of the feedback control of cholesterol synthesis. J .  Clin. In- 
vest. 39: 642-652. 
Siperstein, M. D., and V. M. Fagan. 1966. Feedback control 
of mevalonate synthesis by dietary cholesterol. J. Biol. Chem. 
241: 602-609. 
Linn, T. C .  1967. The effect of cholestero1:feeding and fast- 
ing upon &methyl glutaryl coenzyme A reductase. J. Bid.  
Chem. 242: 990-993. 
Dietschy, J. M., and M. D. Siperstein. 1967. Effect of cho- 
lesterol feeding and fasting on sterol synthesis in seventeen 
tissues of the rat. J. Lipid Res. 8: 97-104. 
Dietschy, J. M., and J. D. Wilson. 1968. Cholesterol synthe- 
sis in the squirrel monkey: relative rates of synthesis in vari- 
ous tissues and mechanisms of control. J. Clin. Invest. 47: 
166-174. 
Ockner, R. K., and L. Laster. 1966. Biosynthesis of A7-cho- 
lesten-3@-01, A5~7-cholestadien-3~-ol, and A5-cholesten-3P-ol 
by guinea pig intestinal mucosa in vitro. J. Lipid Res. 7: 
750-757. 
Sakakida, H., C. C. Shediac, and M. D. Siperstein. 1963. 
Effect of endogenous and exogenous cholesterol on the feed- 
back control of cholesterol synthesis. J. Clin. Invest. 42: 
1521 -1 528. 

Swann, Wiley, and Siperstein Tissue distribution of cholesterol feedback control 365 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


16. Beher, W. T., G. D. Baker, and D. G. Penney. 1963. A com- 
parative study of the effects of bile acids and cholesterol on 
cholesterol metabolism in the mouse, rat, hamster and guinea 
pig. J.  Nutr. 79: 523-530. 

17. Weis, H. J., and J. M. Dietschy. 1969. Failure of bile acids 
to control hepatic cholesterogenesis: evidence for endogenous 
cholesterol feedback. J. Clin. Invest. 4 8  2398-2408. 

18. Kandutsch, A. A., and S. E. Saucier. 1969. Prevention of cy- 
clic and Triton-induced increases in hydroxymethylglutaryl 
coenzyme A reductase and sterol synthesis by puromycin. J.  
Biol. Chem. 244: 2299-2305. 

19. Mills, G. L., M.  J. Chapman, and F. McTaggart. 1972. 
Some effects of diet on guinea pig serum lipoproteins. Bio- 
chim. Biophys. Acta. 260 401-412. 

366 Journal of Lipid Research Volume 16,1975 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/

