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Abstract-Male albino rats were given various oral doses of clofibrate and nicotinic acid. both alone and in 
combination. daily for 1 week. In normal animals. the combination of drugs produced greater decreases in 
serum lipids. notably triglycerides. than equimolar doses of either drug alone. Synergistic decreases in serum 
triglycerides were observed in rats rendered hypertriglyceridemic with fructose and treated simultaneously 
with both drugs. The peak level of serum nicotinic acid was higher and the area under the serum nicotinic acid 
concen~ation-time curve (AUC) was 59 per cent greater when nicotinic acid was given with clofibric acid 
(CPIBI than when given alone. Pretreatment for 1 week with nicotinic acid slightly increased the apparent 
volume of distribution and the elimination half-life of intravenously iniected CPIB. The presence of nicotinic 
acid in rat serum did not affect the protein binding of CPIB. The results show that the combined 
hypolipidemic effect of clofibrate and nicotinic acid in rats is accompanied by changes in the pharmacokinet- 
its of the drugs, the most pronounced being a decrease in the rate of elimination of nicotinic acid. 

The efficacy of the various ~tihyperlipidemic drugs 
usually depends upon the specific type of lipid disorder. 
Rational drug therapy of h~erlipoproteinemia should 
not only be assessed by understanding its effects on 
cholesterol and triglyceride metabolism. but also 
should be focused on the specific action of the given 
drug on lipoprotein metabolism. For example, nicotinic 
acid suppresses the release of very low density lipopro- 
teins (VLDL) from the liver into the plasma. thereby 
reducing circulating levels of VLDL and its remnant, 
low density lipoproteins (LDL) [ 11. The cholesterol 
lowering action of the anion exchange resins is associ- 
ated with enhanced rate of LDL removal from the 
plasma [21. The mode of action of clofibrate is as yet 
unclear; some reports suggest that it decreases the rate 
of VLDL production by the liver, while others show 
that it increases the catabolism of VLDL to LDL 13.41. 

The recent interest in the use of a combination of 
lipid-lowering drugs (S-71 derives from the concept 
that each drug would act at a different site of lipoprotein 
disposition. The advantage to the patient is that low 
doses of two drugs may elicit antihyperlipidemic activ- 
ity similar to that from a higher dose of a single drug 
entity, resulting in reduced potential for side effects. In 
addition, combination drug therapy may produce a 
greater lowering of serum lipids than the usual dose of 
the single drug. Thus. it has been shown that combined 
therapy with clofibrate and nicotinic acid (or ana- 
logues) produced synergistic decreases in elevated 
plasma lipids f 7.81. 

As far as we are aware, there have been no reports on 
the effect of combined treatment with clofibrate and 
nicotinic acid on the pharmacokinetics of the drugs. In 
this paper, we report on the blood levels and hypolipi- 
demic activity of clofibrate and nicotinic acid in rats, 
showing that the combined effect on serum lipids was 
accompanied by changes in the rates of elimination of 
the drugs from the body. A portion of this work has 
appeared as an abstract 191. 

MATERIALS AND METHODS 

Animafs and dose. Male albino Charles River CD 
rats, weighing 160- 180 g, were fed Purina rat chow 
and were not fasted during any experiment. For oral 
administration, the compounds were suspended in 2% 
Tween-80 and administered by gastric intubation. For 
intravenous injection, nicotinic acid or the sodium salt 
of clofibric acid @-chlorophenoxyisobutyric acid; 
CPIB) was dissolved in saline and injected into the 
caudal vein. Animals were killed by decapitation. 

~~~~~~cuZ methods. Serum and liver cholesterol lev- 
els were determined by the method of Zlatkis et 
al. [ 101, as modified for the autoanalyzer. Phospholipid 
and triglyceride levels were measured by semiauto- 
mated techniques [ 11, 121. Orally administered clofi- 
brate is present in the blood as CPIB [ 13. 141; the 
concentration of CPIB in serum was determined by a 
spectraphotometric method f 151. The serum levels of 
ni~otinic acid were measured by an automated tech- 
nique I161 based on the calorimetric method of Carl- 
son [ 171; data obtained by this method are not influ- 
enced by NAD compounds and only to a minor extent 
by free nicotinamide [ 171. 

The two-tailed Student’s t-test was used to determine 
the significance of difference between group means. For 
studies comprising more than two groups, one-way 
analysis of variance produced similar statistical differ- 
ences as did Student’s t-test. 

Serum protein binding of CPIB or nicotinic acid was 
estimated by equilibrium dialysis f 181. Serum from 
treated rats was dialyzed against isotonic sodium phos- 
phate buffer (pW 7.4) (containing [ "C lclofibric acid, 
sp. act. 9 1 &i/mg or [14C lnicotinic acid, sp. act. 136 
yCi/mg) in a specially designed multi-cell stainless 
steel dialysis chamber. Each cell contained 1 ml serum 
and I ml buffer, and the duration of dialysis was 18 hr. 
Cells containing buffer on both sides of the dialysis 
membrane were used to demonstrate that equilibrium 
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had been attained with both radioactive compounds. 
The partition of radioactivity was used to calculate the 
binding of CPIB or nicotinic acid. 

RESULTS 

Eflect of clofibrate and nicotinic acid on lipid levels 
in normal and hypertriglyceridemic rats. Rats were 
given clofibrate for 1 week at daily oral doses of 12 1, 
73.48 or 24 mg/kg; other groups of animals were given 
nicotinic acid at daily doses of 62.37.25 or 12 mg/kg 
for 1 week. These amounts corresponded to 0.5, 0.3, 
0.2 or 0.1 m-mole/kg/day of both compounds for 1 
week. Animals were killed 3 hr after the last dose, and 
serum and liver levels of cholesterol, phospholipids and 
triglycerides were measured. The same experimental 
protocol was also used in rats rendered hypertriglyceri- 
demic by substituting the drinking water with a 10% 
fructose solution during the last 24 hr of treat- 
ment [ 19,201. 

None of the treatments altered food intake or body 
weight gain. The effects of clofibrate and nicotinic acid 
on serum lipid levels in normal rats are shown in Fig. 1. 
Clofibrate produced the expected [ 2 11 dose-related de- 
creases in serum cholesterol, phospholipids and triglyc- 
erides; nicotinic acid decreased serum triglycerides but 
exhibited only weak cholesterol-lowering activity. Only 
at the highest dose (0.5 m-mole/kg/day) did nicotinic 
acid significantly reduce serum cholesterol 
(P < 0.05). The combination of clofibrate and nico- 
tinic acid produced greater decreases in serum lipid 
levels than did either drug alone. The decreases in 
serum cholesterol produced by the combination were 
not significantly greater than that induced by clofibrate 
alone. However, serum phospholipids and triglycerides 

Cholesterol 

after the combination were significantly lower than 
after equimolar doses of either clofibrate or nicotinic 
acid. In certain instances, synergistic decreases were 
observed. For example, clofibrate at a daily dose of 0.1 
m-mole/kg/day decreased serum triglycerides from 
88.1 + 6.53 mg/dl to 76.4 _I 8.40 mg/dl, a difference 
of 12 mg/dl. while the same dose of nicotinic acid 
lowered serum triglycerides to 83.2 & 11.1 mg/dl, a 
difference of 5 mg/dl; neither of these decreases was 
statistically significant. If the combination of clofibrate 
and nicotinic’acid were to elicit a change equal to the 
sum of the two components. the expected decrease 
would be 17 mg/dl. However, the observed level of 
serum triglycerides in rats given a combination of 0.1 
m-mole/kg of clotibrate plus nicotinic acid was 
50.0 & 5.60 mg/dl, a statistically significant decrease 
(P < 0.0 1) and 38 mg/dl less than controls. Thus. the 
combination produced a synergistic decrease in serum 
triglycerides. Similar differences in serum phospho- 
lipids were also observed. As expected, clofibrate 
slightly elevated liver weight while nicotinic acid had 
no effect; none of the treatment regimens markedly 
altered liver lipid levels (fable 1). 

The effects of the drugs on serum triglycerides in 
hypertriglyceridemic rats are shown in Fig. 2. No data 
were available for clofibrate at 0.1 m-mole/kg/day. As 
found in normal rats, clofibrate or nicotinic acid pro- 
duced dose-dependent decreases in serum triglycerides, 
while equimolar doses of the combination produced 
substantially greater decreases than did either drug 
alone. At doses of 0.5 m-mole/kg/day, the decrease in 
serum triglycerides produced by the combination was 
significantly greater (P < 0.05) than that elicited by 
either drug. 

Effect of nicotinic acid on the pharmacokinetics of 
CPZB. Rats were given daily oral doses of 0.5 m-mole/ 
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Fig. 1. Effect ofclofibrate (CLOF), nicotinic acid (NA) or clofibrate plus nicotinic acid on serum cholesterol, 
phospholipids and triglycerides in rats. Animals were dosed p.o. daily for 1 week. Each point is the 

mean + S.E. for eight rats/group. 
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Table 1. Effect of clofibrate and nicotinic acid on liver weight and liver lipids 
-. 

Liver lipid levels (mg/lOO g) 
Dose * Liver wt 

Compounds (m-mole/kg/day) (9) Cholesterol Phospholipids Triglycerides 
-~ _ .-____I__ 

Control 9.99 t 0.44 275 i_ 7.6 3525 i 58 560 -+ 48.6 
Clofibrate 0.5 11.62 rf- 0.351 246 i 5.0+ 3750 t 651 634 _t 47.6 

0.3 10.84 f 0.26 254 f 6.4 3775 i 55” 573 i_ 41.1 
Nicotinic 0.5 9.06 + 0.30 299 f 10.3 3750 * 88 443 + 36.4 

acid 0.3 8.94 + 0.48 301 +- 6.71 3825 + 63$ 458 1 26.1 
Clolihratei 0.5 10.73 + 0.19 237 If- 6.2+ 3915 i 530 518 + 35.5 

nicotinic acid 0.3 9.93 i 0.25 255 + 4.9 3675 f 100 421 _t 21.5’ 

* Administered for 7 days. Data are presented as means 2 S.E. for eight rats;group. 
-F P < 0.05. 
‘f’ P < 0.01. 
$ P < 0.001. 

kg of nicotinic acid for 1 week: controls received 

Tween-80 daily. On the last day, all rats were injected 
intravenously with 0.5 m-mole/kg of the sodium salt of 
clofibric acid immediately after the oral dose of nico- 
tinic acid or Tween-80. Groups of six rats were killedat 
0.5, 1. 2. 4, 6. 8 and 12 hr after dosing. blood was 
collected. and serum levels of CPIB were measured. 

The results in Fig. 3 show that chronic treatment 
with nicotinic acid slightly increased the serum half-life 
of CPIB. The serum half-life was calculated by least 
squares analysis and the area under the serum concen- 
tration-time curve (AUC) was calculated by the trape- 
zoidal rule; computer programs were used in these 
calculations. In control rats, the half-life of approxi- 
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Fig. 2. Effect of clofibrate (CLOF), nicotinic acid (NA) or 
clofibrate plus nicotinic acid on serum triglycerides in rats 
rendered hype~ri~lyceridemi~ by substituting the drinking 
water with a 10% fructose solution during the last 24 hr of 
treatment. Compounds were administered p-0. daily for 1 
week. Each point is the mean + SE. for eight rats/group. No 

data were available for clofibrate at 0.1 m-mole/kg/day. 
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mately 5 hr was similar to that reported previ- 
ously [ 141. Pretreatment with nicotinic acid increased 
the serum half-life of CPIB to approximately 7 hr. The 
AUC of CPIB was 17 per cent greater in animals 
pretreated with nicotinic acid than in controls (given 
Tween-80). Nicotinic acid slightly decreased the total 
clearance of CPIB (Q = dose/AUC) from 43.8 to 37.5 
ml. kg-‘. hr-‘. Since the relative increase in the half-life 
was greater than the increase in the AI-K, nicotinic acid 
increased the apparent volume of distribution of CPIB 

(J/d arca = T+. Q/0.693) from 303 to 379 ml/kg. 
In a second study. rats were given 0.5 m-mole/kg/ 

day of clofibric acid. p.o. for 1 week. with and without 
daily oral doses of 0.5 m-mole/kg of nicotinic acid, and 
groups of five rats were killed at 1,2,3 and 6 hr after the 
tinal dose. The bioavailability of clofibric acid in rats is 
virtually identical to that of clofibrate 1 141. Blood was 
collected and serum levels of CPIB were measured. The 
data in Fig. 4 show that the peak level and AUC (O-6 
hr) of CPIB were somewhat higher in rats given both 
CPIB and nicotinic acid than in those given CPIB 
alone. However, none of the differences was statisti- 
cally significant. 

With NA 
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Fig. 3. Effect of a I-week treatment with nicotinic acid (NA) 
(0.5 m-mole/kg/da~r. po.) on serum levels of cloiibric acid 
(CPIB) after intravenous injection of a single dose of the 
sodium salt of CPIB (0.5 m-mole/kg). Controis received 
Tween-80 daily instead of nicotinic acid. Each point is the 

mean of six rats. 
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Fig. 4. Effect of a l-week treatment with clofibric acid (CPIB 1 
(0.5 m-mole/kg/day. p.0.) with and without nicotinic acid 

Fig. 6. Effect of a l-week treatment with nicotinic acid (0.5 

(NA) (0.5 m-mole/kg/day) on serum levels of CPIB. Each 
m-mole/kg/day. p.o.) with and without CPIB (0.5 m-mole/ 

point is the mean of five rats. 
kg/day) on serum levels of nicotinic acid. Each point is the 

mean of five rats. 

25 - 

I ’ ’ I I I I 

0.5 1 1.5 2 3 

Hours After Dosing 

Fig. 5. Effect ofa l-week treatment with clofibricacid (CPIB) 
(0.5 m-mole/kg/day. p.o.) on serum levels of nicotinic acid 
after intravenous iniection of a single dose of 0.5 m-mole/kg 
of nicotinic acid. Controls received Tween-80 daily instead of 

CPIB. Each point is the mean of five rats. 
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Effect of clofbric acid on the pharmacokinetics of 
nicotinic acid. Rats were given daily oral doses of 0.5 
m-mole/kg of clofibric acid for 1 week; controls re- 
ceived Tween-80 daily. One hr after the last oral dose, 
all rats were injected intravenously with 0.5 m-mole/kg 
of nicotinic acid, and groups of five animals were killed 
at 0.25, 0.5, 1, 1.5, 2 and 3 hr thereafter. Serum levels 
of nicotinic acid are shown in Fig. 5. The differences at 
1, 1.5 and 2 hr were statistically significant (P < 0.05). 
No serum nicotinic acid was detected at 3 hr in Tween- 
80-treated controls, while in CPIB-treated rats serum 
nicotinic acid at 3 hr after dosing averaged 20 pg/ml. 
The elimination of nicotinic acid appeared to follow 
zero-order kinetics. The AUC (O-2 hr) was 45 per cent 
greater in rats pretreated with CPIB than in controls. 

Another study was conducted with rats treated orally 
for 1 week with 0.5 m-mole/kg/day of nicotinic acid 
with and without CPIB (0.5 m-mole/kg/day). Groups 
offiveratswerekilledat0.25,0.5.0.75,1. 1.5,2,2.5,3 
and 4 hr after the final dose, and serum nicotinic acid 
was measured. Combined treatment with nicotinic acid 
and CPIB resulted in substantially higher serum levels 
of nicotinic acid than found in rats given nicotinic acid 
alone (Fig. 6). The AUC. calculated for the O-4 hr 

Table 2. Serum protein binding of clofibric acid and nicotinic acid after combined treatment * 

Clofibric acid (CPIB) 

Serum CPIB levels CPIB bound 
@g/ml) (%) 

Hr after Without With Without With 
last dose NA NA NA NA 

Nicotinic acid (NA) 

Serum NA levels NA bound 
Ocglml) (“/o) 

Without With Without With 
CPIB CPIB CPIB CPIB 

1 216 204 19.3 80.2 53 13 11.6 14.1 
2 234 312 75.0 74.2 23 41 18. I 9.0 
3 311 470 13.1 66.0 2 31 3.7 1.7 
6 200 174 80.6 82.5 0 0 

* Rats were treated for 1 week with 0.5 m-mole/kg/day. p.0.. with CPIB. nicotinic acid. or both drugs 
simultaneously. Animals were killed at various times after the final dose. A tracer amount of 1 “C ICPIB (0.29 
pg/ml) or [ “C lnicotinic acid (0.16 fig/ml) was added to the serum. and the protein binding was measured by 
equilibrium dialysis. Each value is the mean of five rats. 
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interval, was 59 per cent higher in rats given both drugs 
than in those given nicotinic acid alone. 

Protein binding. In order to determine whether com- 
bined treatment affects the protein binding of CPIB or 
of weakly bound nicotinic acid. the extent of binding 
was determined in the serum of rats after 1 week of 
treatment with 0.5 m-mole/k~day of clofibric acid and 
nicotinic acid. and the data were compared with those 
after treatment with either drug alone. The results in 
Table 2 show that simultaneous administration of the 
two drugs did not alter the extent of CPIB or nicotinic 
acid binding to serum protein. 

levels in rats are accompanied by changes in the rate of 
elimination of the drugs, especially of nicotinic acid. 
This animal model provides data which can explain in 
pharmacokinetic terms the synergistic action of the 
drugs in hyperlipidemic subjects. 
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