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Abstract-The effects of single or repeated treatments with nicotinic acid, 3-pyridine- 
acetic acid, inositol hexanicotinate, Na-phenylbutyrate, betaine phenylbutyrate, 
1 : 4-dicaffeylquinic acid and sodium dehydrocholate on biliary excretion of cholesterol 
were studied in the rat. After a single intravenous administration, among the drugs 
experimented only 1 : 4-dicaffeylquinic acid at the highests doses examined and 
phenylbutyrates, these at the lowest doses, increased the biliary excretion of cholesterol. 
After repeated administrations by the intraperitoneal route none of the compounds 
examined succeeded in modifying in a statistically significant manner the biliary 
excretion of cholesterol. 

THE cholesterol (CHOL) in the bile is nowadays considered to be a quota of the sterol 
synthetized by the hepatic parenchyma. In fact most authors consider the biliary 

and ematic rates of CHOL to be absolutely independent. It is usually maintained that 
the biliary concentrations of the sterol cannot be modified in any appreciable measure 
by variations of the content of sterol in the diet, by eventual administration of such by 

means of injections, or by chronic hypercholesterolemic conditions. 

According to Friedman and Byers l “the biliary cholesterol appears to represent a 
rather fixed function of that cholesterol synthetized or discharged from the hepatic 

cell itself”. 

On the other hand, research carried out with radio-active isotopes seems to permit 
the assumption that at least a part of the biliary CHOL is derived from the fraction 
of the free plasmatic CHOL. In 1943 Bloch et al2 affirmed that “after injection 
of deuterium CHOL into a dog, the activity of biliary cholesterol was considerably 
less than that of hepatic cholesterol, but similar to that of blood, suggesting the pro- 
bability that bile cholesterol represented a moiety of plasma cholesterol”. 

Very recently Rosenfeld and Hellman administered CHOLJ4C orally to human 
subjects with complete biliary fistula. They found CHOLJ4C in the bile after too 
short a time to exclude an effective passage of the sterol directly from the blood, after 
absorption, into the bile. 

According to Friedman and Byersl, since the biliary CHOL represents a quota of 
the hepatic synthesis of the sterol, its dosage in the bile of rats treated for a certain 
period with a specific compound can be utilized to estimate eventual pharmacological 
effects on such synthesis. Without going into the merits of the origins of biliary 
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cholesterol, which are not yet completely elucidated, we have studied, the effects of 
several cholesterol-acting drugs employed in a human clinic as cholesterol-lowering 
substances on the biliary excretion of the sterol in the rat. 

METHODS AND MATERIAL 

For all the experiments, 350 albino rats of the Morini strain, weighing 250-300 g, 
were used. In our experiments we used the technique of temporary biliary fistula, as 
described by Preziosi et a1.4-6 

The compounds examined, in the doses marked at the side of each and expressed 
in mg/kg are: nicotinic acid (NA: 30-85.5-171); 3-pyridineacetic acid (3-PAA : 
30-85.5-171); inositol hexanicotinate (IHN : 30-85.5-171); Na-phenylbutyrate 
(Na-PHB : 25-50-100); betaine phenylbutyrate (betaine-PHB : 25-50-100); 
1 : 4-dicaffeylquinic acid or cynarine, true active principle of the artichoke (CYN : 
16.6--83-166). and Na-dehydrocholate (Na-DHC : 13~11-65~57-131~14). Rc- 
agent-grade compounds were employed. The lowest dose of each compound used 
by us corresponds, per kilogram, to that advised for human therapy per kilogram. 
daily. The doses of NA, 3-PAA and IHN are expressed as nicotinic acid, those of 
Na-PHB and of betaine-PHB as phenylbutyric acid, those of Na-DHC are equi- 
molecular to those of CYN. 

All drugs were dissolved in distilled H,O, with the exception of IHN and CYN, 
dissolved as described by Donatelli et a1.7 and Preziosi et a1.6 respectively. The strength 
of all solutions was calculated in order to inject the required amount of drugs in a 
total volume of 5 ml/kg. 

In a first group of experiments (experiment A) the drugs were administered by 
intravenous injection. The biliary flow was controlled and measured 1 hr before and 
4 hr after the administration of NA, 3-PAA, IHN, Na-PHB, betaine-PHB, CYN and 
Na-DHC. In the controls, without any treatment, the flow was recorded for 5 hr. 
In a second group of experiments (experiment B) the method suggested by Byers and 
Friedman8 was adopted. This consists in assaying the amount of CHOL emitted in 
the bile over a period of 24 hr, in rats pre-treated for some days with the drug under 
test, and comparing the results with those of the controls (untreated animals). The 
rats were injected by the intraperitoneal route with NA, 3-PAA, IHN. Na-PHB, 
betaine-PHB, CYN and Na-BHC, for 10 days. On the eleventh day, 14-16 hr after 
the last injection of the different substances, all rats (untreated controls and treated 
animals) underwent a temporary biliary fistula, as described above. The bile issuing 
from the fistula was collected over 24 hr and assayed for CHOL content. During all 
the experiments, the rats were kept at a temperature of 20-22 “C. 

On the samples of bile of each group of animals, collected every hour for 5 hr in 
experiment A, and for 24 hr in experiment B, the dosage of the total CHOL was 
carried out by the method of Sperry and Webb” with the modifications described by 
us elsewhere.4, 5 For the extraction of the CHOL, 1.5-2 ml of bile were used (due to 
the very small quantity of CHOL present in the bile), which compelled us, in the 
experiment A, to pool the samples of each group relative to the different times of 
collection, the quantity of each single sample being insufficient to establish an exact 
estimation. In order to eliminate biliary chromogens, which we found were capable 
of remaining adsorbed to the cholesterol digitonide precipitate and thus disturbing 
the final colour reaction, we proceeded to a first washing of the precipitate with alcohol 
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acetone, then carried out the subsequent washings, with acetone-ether and ether 
alone respectively, as described in the original method by Sperry and Webb.g 

In each case the rate of CHOL was established in milligrams per 100 millilitres 
(mg/lOO ml) of bile. Taking into consideration the volumes of bile obtained, the 
calculation was carried out of the absolute figures and of the concentrations (mg per 
cent) of CHOL excreted in the basal hour and in the four successive hours (hours of 
observation for the controls, post-treatment hours for the rats injected with the 
drugs), and finally the hourly percentage variations in the quantities of CHOL excreted 
after the basal hour. 

Whenever necessary, the numerical data obtained from the tests were statistically 
evaluated according to methods suggested by Burn. lo Values of P<O*O5 were con- 
sidered to be significant. 

RESULTS 

1. Experiment A, single intravenous administration of drugs 
As shown in Figs. 1 and 2 (controls), subsequent to the basal hour a progressive 

decrease occurs in the biliary flow as well as in the biliary concentrations of CHOL, 
and of the absolute figures of this excreted with the bile. Regarding the compounds 
examined, we shall observe the results obtained with NA, 3-PAA and IHN lacking in 
choleretic effects and those registered with Na-PHB, betaine-PHB, CYN and Na-DHC, 
all these latter drugs being endowed with intense choleretic action, some very lasting. 

NA, 3-PAA and IHN: The comportment of the excretion of bile, expressed in 
percentage variations in respect to figures of basal hour, proved to be similar in the 
control rats and in those injected with 3-PAA at all doses tested and with NA and 
IHN at the highest dose. However, with the lowest doses of the latter two products 
used, the biliary flow is found to diminish with time more than in the controls. With 
the exception of the rats treated with NA and the highest dose of those used, there 
did not appear to be any significant variation in the progressive decreases with time 
either of the biliary concentration of CHOL or of the excretion of CHOL in absolute 
figures. In fact the decrease itself appeared, for the lowest doses, slightly accentuated 
with respect to the controls. 

Na-PHB, hetaine-PHB, C YN and Na- DHC. In the rats treated with Na-PHB and 
in particular, betaine-PHB in the dose of 25-50 mg/kg, a strong choleretic effect is to 
be observed and there is, as in the:controls, a decrease in the concentrations of CHOL 
in the bile. However, the treated rats differ from the controls by registering an increase 
in absolute figures of the sterol excreted, due to the larger quantities of bile eliminated 
for the choleretic effect of the two products. In the rats treated with the two com- 
pounds with a dose of 100 mg/kg, however, the controls showed a much more marked 
decrease in the concentrations of CHOL in the bile emitted following injection of the 
drugs, and consequently also a greater decrease in the absolute figures of CHOL 
excreted. 

CYN partly opposes (especially at the highest doses and notwithstanding the 
increased biliary flow determined by such doses) the decrease in concentrations of 
CHOL in the bile excreted during the 4 hr following the intravenous administration 
and determines, therefore, at the highest doses, an increased excretion of CHOL in 
absolute figures. 
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In Na-DHC-treated animals, the biliary concentration of CHOL presents a 
comportment, in the first 2 hr after treatment, not very different from that of the con- 
trols. In the first hour, moreover, a positively marked decrease in respect to the figures 
mentioned in the controls is shown. Since the decrease in biliary concentrations of 
CHOL takes place during the period of choleretic effect of the product, which lasts 
nearly 2 hr, there is, in consequence of such a phenomenon and in spite of the reduc- 

tion of the biliary concentration of the sterol, a reduction (even though slight) of the 
progressive decrease in the absolute quantity of CHOL excreted by means of the 
bile. In the third and fourth hours following the administration of the compound. 
there can be noted, in proportion to a reduction in the biliary flow (even more intense 
than that noted in the controls at corresponding times), a progressive increase in the 
biliary concentration of CHOL for which, finally, the excretion of the sterol in absolute 
figures is comparable, at those times, to those noted in the controls or slightly less. 

2. E.uyeriment B, administration of drugs by the intraperitoneal route for ten ronsecutire 

days 

The results of this group of tests are reported in Table 1. Significant variations are 
not found between differently treated animals (with respect to the control rats) in 
the quantity of bile emitted for 24 hr and per kg as well as the percentage of CHOL 
present in the bile and the total quantities excreted of the sterol. Let us mention, 
however, that only the CYN, at the highest dose of the three examined, reduces the 
biliary concentration of CHOL, thus confirming what was already noted by us in 
former research.4p 5 

DISCUSSION 

Among the drugs studied in experiment A, only CYN, at the highest doses examined, 
and Na-PHB and betaine-PHB, at the lowest doses, increased the biliary excretion of 
CHOL. The increased excretion of CHOL provoked by CYN may represent a useful 
factor in clarifying the mechanism of the hypercholesterolemic effects of the product 
also observed by us in certain experimental hypercholesterolemias4$ 5 and also ob- 
served for prolonged treatments at high doses in a human clinicll, l2 in conditions of 
deranged cholesterol metabolism and atherosclerosis. 

We consider it worthwhile noting that the effect of Na-PHB and betaine-PHB on 
the biliary excretion of CHOL can differ in the acute experiments, in relation to the 
dose. In fact, for the lower doses (25-50 mg/kg) practically corresponding per kilo- 
gram to those of human therapy per kilogram and daily, there is an increased excretion 
of CHOL in absolute figures (in the percentage sense a decrease can always be ob- 
served, strongly counteracted, however, by the increased biliary flow). At the highest 
dose, 100 mg/kg, there is a decrease even in absolute figures, there being the strong 
reduction for such doses of biliary cholesterol concentrations, this time of such entity 
as not to be compensated by the nevertheless very high increase in the biliary flow. 
In all probability, for high doses of phenylbutyrates, with the intensification of the 
phenomenon of inhibition of the hepatic synthesis of the sterol, this phenomenon 
prevails in respect to the increased biliary excretion, with the result that the bile, even 
though abundant, contains lesser amounts of CHOL.13 In spite of the fact that these 
are also powerful choleretics, this phenomenon does not occur with CYN and Na-DHC 
even at the highest doses. This variation in action according to the dose of 
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phenyl-ethylbutyrates may explain the different or even opposite effects noted by 
different authors with phenylethylbutyric acid relative to the biliary excretion of 

CHOL.14, l6 
The inability of Na-DHC, among the compounds endowed with a choleretic action 

examined by us, to determine an increased excretion of CHOL, even if for some of the 
doses it behaved in the way we observed, confirms the observations of Turba and 
Piccinini.17 It is also worthwhile noting that NA is like 3-PAA and IHN, i.e. drugs 
endowed with marked cholesterol-lowering properties (NA18; 3-PAA.14y lg* 2o 
IHN21), have proved themselves to be incapable of increasing the biliary ekcretion 
of CHOL and the biliary flow. The observations made by us confirm the findings of 
Mainardi22 and Gunther23 regarding the inability of NA to modify the biliary flow, 
and of Friedman and Byers24 regarding the inability of the acid recorded to favour the 
excretion of CHOL with the bile; our results, on the other hand, do not agree with 
those of Parson and Flinn25, who appear to have found a remarkable capacity of NA 
of favouring an increased biliary excretion of CHOL. 

It must be emphasized again that in the chronic experiments (experiment B), carried 
out according to the advice of Byers and Friedman,8 none of the compounds examined, 
even at much higher daily doses per kilogram than those of human therapy, 
succeeded in modifying in a statistically significant manner the excretion of CHOL 

via the biliary route. With the exception of 3-PAA26 and CYN,4, 5 the other compounds 
were never tested by Byers and Friedman.8 We must therefore conclude, according 
to Byers and Friedman, that none of the compounds examined (including the phenyl- 

thylbutyrates) is able to inhibit the hepatic synthesis of CHOL, with perhaps the 
exception of CYN (0.1 > P > 0.05) at the highest dose examined, this fact having 
already been observed by us in former experiments.4, 5 We postpone, however, such 
conclusions, since at present a series of investigations is in hand, with the aim of 
ascertaining the real significance and possibilities of the test advised by the American 
authors. 

Finally we think it worthwhile making note of the possibility (clearly established 
by the tests carried out by us) that the excretion of CHOL by means of the bile presents 
variations even in a relatively short time (experiment A) and that such variations, in 

the sense of an increase in the quota of sterol excreted, can be determined by certain 
compounds (e.g. phenylethylbutyrates, CYN) active as cholesterol-lowering substances 
in humans and possessing also marked choleretic action, whilst other powerful 
choleretics, even though endowed with antiaterosclerotic action2’ even if questionable 
do not prove to be as active in this sense. 

REFERENCES 

1. M. FRIEDMAN and S. 0. BYERS, Amer. J. Physiol. 168, 297 (1952). 
2. K. BLOCH, B. BERG and D. RITTENBERG, .I. Biol. Chem. 149, 511 (1943). 
3. R. S. ROSENFELD and L. HELLMAN. J. Clin. Invest. 38, 1334, (1959). 
4. P. PREZIOSI and B. L~SCALZO, Arch. Ital. Sci. Farmacol. 7, 244 (1957). 

5. P. PREZIOSI and B. LOSCALZO, Arch. Znt. Pharmacodyn. 117, 63 (1958). 
6. P. PREZIOSI, B. LOSCALZO and E. MARMO, Experientia 15, 135 (1959). 
7. L. DONATELLI, P. SPIGLIATI, M. ZABBAN and R. SELLERI, Min. Med. 42, 1117 (1951). 

8. 0. BYERS and M. FRIEDMAN, Amer. J. Physiol. 168, 292 (1952). 
9. W. M. SPERRY and M. WEBB, J. Biol. Chem. 187, 97 (1950). 

10. J. BURN, Biological Standardization Vol. II. Medical Press, Oxford (1952). 
11. G. CIMA and R. BONORA, Min. Med. 50, 2288 (1959). 



262 P. PREZIOSI, B. LOSCALZO, E. MARMO and E. MIELE 

12. M. MANCINI, P. ORIENTE and L. D’ANDREA, Symposium on Drugs affecting Lipid Metabolism, 

Milano, 24 June 1960. Elsevier, Amsterdam. In press. 
13. B. LOSCALZO, E. MARMO and E. MIELE, C/in. Terap. 19, 12 (1960). 
14. D. BRAUER, K. LOEBE and L. E. SCHINDEL, Lancet 1, 743 (1958). 
15. G. MININNI and S. LE BRUN, Min. Med., 4601, 1864 (1955). 

16. V. RITTER, Arm. W&r. 13, 488 (1958). 
17. C. TURBA and F. PICCININI, Boll. Sot. Ital. Biol. Sper. 36, 262 (1960). 

18. 0. PICCINELLI, ZZ Farmaco (Ed. pratica) 15, 259 (1960). 
19. F. DEL REGNO, G. B. ODOARDI and A. VERGINE; L. BONOMO, A. TURSI and V. MINERVA; F. M. 

ANTONINI and R. MASI; G. GUARINI, A. LOMBARDI and S. SINAGRA; F. M. CHIANCONE; M. 
REPACI, Rif. Med. 74, 253-276 (1960). 

20. G. RATTI, E. DE FINA and E. FERRARI; L. ALLORI and C. PAPA; F. PUPITA; B. ALBERI~I. P. 
MARRAMA and E. INNOCENTI; V. FERRARI and F. CAMPAGNARI; G. GAMBASSI, V. MAGGI, S. 
SENSI, A. V. GRECO and M. MAGARO’; D. FUMAROLA and D. GIORDANO; V. D’AMATO and 
L. T. TENCONI; E. GINOULHIAC and L. T. TENCONI; S. NANI, Min. Med. 51, 1131-1171 (1960). 

21. P. PREZIOSI, B. LOSCALZO, E. MARMO and E. MIELE. Clin. Terap. In press. 
22. L. MAINARDI, Boll. Sot: Ital. Biol. Sper. 25, 1228 (1949). 
23. M. I. GUNTHER, K. S. KIM, D. F. MAGEE, H. KALSTON and A. C. IVY, .Z. Phannacol. 99,464 (1950). 

24. M. FRIEDMAN and S. 0. BYERS, J. Clin. Invest. 38, 1328 (1959). 

25. W. B. PARSONS and J. H. FLINN, Circulation 18, 489 (1958). 
26. G. MANZI, M. MANCINI and M. TALARICO, Boll. Sot. Ital. Biol. Sper. 32, 654 (1956). 

27. F. C~CUZZA and G. COLOMBRITA, Rif. Med. 72, 889 (1958). 
28. R. G. GOULD and R. P. COOK, In P. COOK, Cholesterol p. 239-275. Academic Press, New York 

(1958). 
29. R. H. ROSENHAM, W. BREALL, S. 0. BYERS and D.D. RABIN, J. Clin. Invest. 38, 1434 (1959). 
30. R. H. ROSENHAM, S. 0. BYERS and M. FRIEDMAN, J. Clin. Endocrin. 12, 1287 (1952). 
31. R. H. ROSENHAM and E. SHIBATA, Proc. Sot. Exp. Biol., N. Y. 81, 296 (1952). 


