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acid was dissolved in Et20 (80 ml); 7-ACA iert-butyl ester (3.3 g, 
0.01 mol) was added, followed by DCCI (2.1 g, 0.01 mol). The 
mixture was stirred at room temperature for 5 hr. The precipitat­
ed DCU was removed and the filtrate was evaporated in vacuo. 
The semisolid residue was dissolved in Et20 and precipitated 
with petroleum ether; the resulting solid was dried in vacuo to 
give the 7-mandelamidocephalosporanic acid protected as the 
teri-butyl and dichloracetyl diester (75-95% crude yield). The 
diester (0.005 mol) was dissolved in cold TFA (25 ml) and the so­
lution was stirred at room temperature for 45 min. The TFA 
evaporated in vacuo and the residue was treated with 5% 
aqueous Na2C03 (pH 9.5) for 1 hr and worked up as described 
under procedure A. 

Procedure D. Preparation of 7-(Aminomandeloyl)cephalo-
sporanic Acids (Compounds 26-28). The appropriate 7-(dichloroa-
cetylnitromandeloyl)cephalosporanic acid tert-butyl ester (0.01 
mol) prepared by procedure C was dissolved in MeOH (300 ml) 
containing 10 g of prereduced 5% Pd/C and hydrogenated on a 
Parr apparatus at 3.5 kg/cm2 for 3 hr. The mixture was filtered 
and evaporated in vacuo and the residue was triturated with 
Et20. The resulting solid was dissolved in 20 ml of TFA for 30 
min at room temperature. The excess TFA was evaporated and 
the residual TFA salt of the product was triturated with Et20. It 
was converted to the sodium salt with NaOMe as described in 
procedure A. 

7-[(fl)-(-)-Mandelamido]-3-(iV-pyridiniummethyl)-3-ceph-
em-4-carboxylate (52). This compound was prepared by dis­
placement of the acetoxy group of 1 with pyridine using the method 
described bv Arklev, et al.10 Anal. (C2iHi9N305S-2.5H20) C, H, 
N. 

Sodium 7-[(fl)-(-)-Mandelamido]-3-azidomethyl-3-cephem-4-
carboxylate (53). This compound was prepared in 35% yield by 
procedure A substituting 7-amino-3-azidomethyl-3-cephem-4-car-
boxylic acid4 for 7-ACA. Anal. (Ci6Hi4N5Na05S-1.25H20) C, H; 
N: calcd, 16.14; found, 15.66. 

Sodium 7-[(i?)-(-)-Mandelamido]-3-(5-methyl-l,3,4-thiadia-
zol-2-ylthiomethyl)-3-cephem-4-carboxylate (54). A mixture of 1 
(4.55 g, 0.01 mol) and 5-methyl-l,3,4-thiadiazole-2-thiol (1.32 g, 
0.01 mol) in 100 ml of pH 6.4 phosphate buffer was heated at 60° 
with stirring for 21 hr. The cooled (25°) mixture was layered with 
EtOAc and acidified to pH 2 with dilute" HC1. The aqueous phase 
was extracted twice more with EtOAc and the combined dried ex­
tracts were evaporated to give 4.9 g solid. Chromatography on sili-

We recently described a comparative analysis of the 
hypocholesterolemic and hypotriglyceridemic activities of 
a number of cyclic ethyl ester analogs of clofibrate [ethyl 
2-methyl-2-(4-chlorophenoxy)propionate, l ] . 1 A rat model 
was utilized in which hyperlipemia was induced by intra-
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ca gel using a CHCl3-MeOH gradient gave 2.91 g of the cephalo­
sporin free acid. Treatment of an acetone solution of this acid with 
a slight excess of 30% sodium 2-ethylhexanoate in isopropyl alco­
hol gave 2.3 g (44%) of the sodium salt. Anal. (Ci9Hi8N4Na-
05S3-H20)C,H,N. 
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peritoneal injection of Triton WR-1339. Under these con­
ditions, clofibrate (1), ethyl l,4-benzodioxane-2-carboxyl-
ate (2), ethyl 5-chloro-2,3-dihydrobenzofuran-2-carboxyl-
ate (4), and ethyl 6-chlorochroman-2-carboxylate (6) sig­
nificantly reduced serum cholesterol levels. The deschloro 
analogs 5 and 7 were inactive. In these same hyperlipemic 
rats, esters 1, 2, and 6 significantly reduced plasma tri­
glyceride levels. Deschloro analogs 5 and 7 were inactive 
and the apparent hypotriglyceridemic effect of chloro ana­
log 4 was not statistically significant. Chlorochroman ana-
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The influence of pretreatment with clofibrate (1) and related analogs on various parameters of hepatic drug metab­
olism in rats was investigated. Of the analogs tested, only ethyl 5-chloro-2,3-dihydrobenzofuran-2-carboxylate (4) 
and ethyl 6-chlorochroman-2-carboxylate (6) possessed inductive properties similar to 1. Increases were noted in 
the activities of ethylmorphine AT-demethylase and/or aniline hydroxylase and cytochrome P-450 in liver micro­
somes obtained from animals pretreated with 1, 4, and 6. Deschloro analogs (5 and 7) of 4 and 6 were ineffective as 
hepatic enzyme inducers. Presence of a chloro substituent was favorably correlated to the inductive properties 
noted within this series of compounds. 
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T a b l e I. Effect of P r e t r e a t m e n t wi th Phenobarb i t a l and Analogs 1-7 on Liver Weight , L ive r /Body weight , and 
Microsomal Pro te in in Male R a t s 

Compd 

Pheno­
barbi ta l 

1 

2 

3 

4 

5 

6 

7 

Dose," 
m m o l / k g 

0 .16 

0 .40 
0 .80 
0 .40 
0 .80 
0 .40 
0 .80 
0 .40 
0 .80 
0 .40 
0 .80 
0 .40 
0 .80 
0 .40 
0 . 8 0 

Liver weight, g 
Control 

7 .70 

5 .53 
7 .72 
5 .78 
4 .72 
4 .57 
4 . 6 0 
4 .85 
5 .42 
3 .91 
5 .14 
4 . 8 8 
5 .87 
4 . 7 1 
6 .09 

± 0 .37 

± 0 . 5 0 
± 0 . 2 7 
± 1 . 1 0 
± 1.10 
± 0 . 2 6 
± 0 . 2 9 
± 0 . 5 2 
± 0 . 9 2 
± 0 . 3 9 
± 0 . 3 7 
± 0 . 4 4 
± 0 .28 
± 0 . 4 5 
± 0 .98 

• b 

Test 

9 .80 

5 .90 
7 .08 
6 .52 
6 .68 
3 .95 
4 .34 
4 . 1 8 
5 .96 
3 .73 
5 .27 
4 . 4 8 
5 .12 
5 .20 
6 .91 

± 0 .40 d 

± 0 . 2 7 
± 0 . 3 4 
± 0 . 4 9 
± 1 . 1 0 
± 0 . 2 6 
± 0 . 2 4 
± 0 . 6 9 
± 0 . 9 6 
± 0 . 5 7 
± 1 . 0 3 
± 0 . 1 3 
± 0.24* 
± 0 . 3 4 
•:iz 1 . 4 2 

Liver / body 
Control 

4 .39 

4 .82 
4 .96 
4 .39 
4 .87 
4 .26 
4 .14 
4 .57 
4 .24 
4 . 0 6 
4 .09 
4 .37 
4 .26 
4 . 1 1 
4 . 1 6 

± 0 . 1 3 

± 0 .13 
± 0 .18 
± 0 . 6 9 
± 0 . 5 8 
± 0 . 1 2 
± 0 . 2 3 
± 0 . 2 5 
± 0 . 2 8 
± 0 . 2 9 
± 0 . 2 8 
± 0 . 4 3 
± 0 . 0 6 
± 0 .43 
± 0 .34 

weight, %b 

Test 

5 .26 

4 .94 
4 .94 
3 .97 
4 .88 
3 .77 
4 . 0 1 
4 .20 
4 . 6 3 
3 .89 
3 .92 
4 .37 
4 .08 
3 .86 
4 . 2 7 

± 0 .27 d 

± 0 .10 
± 0 . 1 0 
± 0 .47 
± 0 .57 
± 0 .19 
± 0 .17 
± 0 . 4 2 
± 0 .54 
± 0 .28 
± 0 .21 
± 0 .18 
± 0 .17 
± 0 .20 
± 0 .35 

Microsomal prot 
m g / g 

Control 

17 .2 

21 .2 
2 5 . 3 
26 .9 
33 .2 
20 ,0 
2 2 . 8 
1 6 . 6 
2 4 . 3 
2 1 . 6 
26 .8 
22 .2 
28 .8 
2 1 . 6 
2 3 . 4 

- i . 

± 
± 
± 

Tl"-

± 
± 
± 
± 
± 
± 
± 
3 Z 

± 
± 

2 . 1 

0 . 8 
0 .6 
1.6 
0 .4 
1.0 
1.2 
0 .0 
0 . 6 
3 .3 
1.8 
1.4 
1.0 
3 .2 
2 . 8 

;ein, 
of liver" 

Tes1 

23 .2 

26 .6 
3 2 . 3 
24 2 
34 .0 
27 .0 
26 .4 
19 .5 
24 .7 
24 .2 
27 .8 
21 ,3 
26 .4 
24 .2 
2 7 . 0 

± 

± 
± 
± 
± 
± 
± 
i : 

± 
± 
± 
± 
± 
= C 

± 

1,7"; 

0.411 

1. 8d 

1.6 
1.0 
1.2 J 

2 . 4 
0.5 ' J 

1.5 
2 .0 
2 . 2 
0 .9 
0 .4 
2 . 1 
0 . 8 

"Compounds were given orally in coconut oil once daily for 7 days . 'Values represent the mean - S.E. of n ~ 6. Control 
refers to coconut oil p re t r ea tmen t and Tes t refers to drug pre t rea ted animals. "Values represent t he mean re S.E. of n --• 3. 
•'Significantly different from control (p < 0 . 0 5 ) . 

log 6 compared most favorably with clofibrate (1). How­
ever, none of the experimental drugs were as effective as 1 
when assessed for their ability to return lipoprotein pat­
terns to normal in hyperlipemic rats in conjunction with 
their hypocholesterolemic and hypotriglyceridemic activi­
ties. 

CI 

CH, 

CH:1 

CO,Et 

JOA 
,CO,Et 

O ,C02Et 

CT 
2 , X = H 
3, X = Cl° 

0 ^CO.Et 

4. X = C1 
5. X = H 

6. X=C1 
7, X = H 

aA mixture of position isomers in which the halogen is found 
50% at position 6 and 50% at position 7. 

As part of an extensive investigation designed to probe 
the nature of biochemical sites which are either blocked or 
stimulated in vivo by administration of the parent esters1,2 

or in vitro by utilization of the corresponding carboxylic 
acid hydrolysis products,3-6 we initiated a comparative 
study to determine the effect of chronic analog adminis­
tration on various parameters of hepatic drug metabolism. 
Several investigators7-9 have demonstrated an increase in 
liver weight and microsomal protein content after clofi­
brate administration to rats. We recently established that 
increases in microsomal protein and liver weight after clo­
fibrate (1) administration are dependent upon the age of 
the animal.10 Pretreatment with 1 significantly reduced 
pentobarbital and zoxazolamine sleeping times and in­
creased the rates of microsomal metabolism of pentobar­
bital, ethylmorphine, and aminopyrine.10 However, spe­
cific activities of microsomal enzymes involved with the 
hydroxylation of zoxazolamine or aniline remained unaf­
fected after chronic clofibrate administration. Changes in 
various microsomal enzymes induced by administration of 
1 also were accompanied by an elevation in cytochrome 
P-450, a component of the electron transport system usu­
ally associated with alterations in drug oxidations.11 Since 

clofibrate (1) interacts with systems necessary for lipid 
metabolism12-14 and with cytochrome P-450, which is in­
volved in cholesterol metabolism and biosynthesis in vi-
iro,15-17 the present study was undertaken to ascertain the 
effect of chronic administration of clofibrate analogs on 
hepatic drug metabolism in rats. The structure-activity 
data thus obtained can be utilized for the future design of 
antilipemic drugs. 

Experimental Section 

The synthesis for experimental hypolipemic drugs, excluding 
analog 3, has been described previously.2-5 Clofibrate (1) was ob­
tained from Ayerst Laboratories, New York, N. Y. For these pre­
liminary studies ethyl 6- and 7-ehlorobenzodioxane-2-carboxyl-
ate (3) was synthesized from 4-chlorocatechol by the method de­
scribed for the preparation of 2 from catechol4 and was tested as 
a 50/50 mixture of the two position isomers as determined by 
glpc. 

Male Harlan Wistar rats (80-130 g) were given each drug dis­
solved in coconut oil orally at either of two dose levels (0.40 or 0.80 
mmol/kg daily) for 7 days. Phenobarbital (40 mg/kg) was used as 
an internal control. Control and treated groups of animals were 
allowed free access to food and water and were fasted overnight 
after the last dose. Experiments were initiated 14-16 br after the 
final dose. 

Animals were sacrificed; the livers were excised, weighed, and 
homogenized with a Teflon-glass homogenizer in 4 vol of 20 raM 
Tris-HCl buffer, pH 7.4, containing 1.15% KC1. The homogenates 
were centrifuged at 9000g for 20 min at 4° in a refrigerated centri­
fuge. The 9000g supernatant, was carefully decanted and recentri-
fuged at 105,000g for 1 hr in a Model L Beckman ultracentrifuge. 
The microsomal pellet was resuspended in 20 raM Tris-HCl-KCl 
buffer, pH 7.4, and stored on ice for further use. Experiments 
were completed within 6 hr. Reaction mixtures contained the fol­
lowing components in a final volume of 3 ml: 5 mg of microsomal 
protein, a NADPH generating system (consisting of 2 eu glucose 
6-phosphate dehydrogenase, 15 ̂ mol of MgCb, 15 ̂ mol of glucose 
6-phosphate, and 2.4 ̂ mol of NADP~> ), 150 ^mol of Tris-HCl buf­
fer, pH 7.4, and substrate. Concentrations of substrates used were 
10 fimol of aniline and 5 ̂ mol of ethylmorphine. 

Ethylmorphine N-demethylation was assayed by the method 
of Nash.18 Conversion of aniline to p-aminophenol was estimat­
ed as described by Kato and Gillette.19 Cytochrome P-450 was 
determine.d by the procedure of Omura and Sato20 and micro­
somal protein assayed by the method of Lowry, et a/.21 Statisti­
cal comparisons were made using the Student's t test. 

Resul t s 

Ini t ia l exper iments indica ted t h a t the m a x i m a l effect of 
1 on liver weight, microsomal prote in , and cer ta in drug 
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Table II. Effect of Pretreatment with Phenobarbital and Analogs 1-7 on Ethylmorphine iV-Demethylase, 
Aniline Hydroxylase, and Cytochrome P-450 in Liver Microsomes from Male Rats 

Compd 

Pheno­
barb i ta l 

1 

2 

3 

4 

5 

6 

7 

Dose," 
m m o l / k g 

0 .16 

0 .40 
0 .80 
0 .40 
0 .80 
0 .40 
0 .80 
0 .40 
0 .80 
0 .40 
0 .80 
0 .40 
0 .80 
0 .40 
0 .80 

E t h y l m o r p h i n e iV-demethylase6 

(nmol of C H 2 0 / m g / 1 2 min) 

Control Tes t 

4 8 . 9 

5 7 . 2 
5 5 . 5 
5 1 . 0 
2 6 . 0 
7 7 . 5 
48 .0 
58 .8 
5 0 . 0 
63 .8 
4 5 . 0 
2 8 . 8 
4 1 . 2 
73 .8 
60 .0 

± 7 . 1 

± 2 . 4 
± 1.2 
± 0 . 3 
± 2 .0 
± 2 . 5 
± 1.3 
± 5 .0 
± 5 .0 
± 2 .0 
± 1.4 
± 1.2 
± 1.2 
± 8 . 1 
± 3 .0 

116 .5 

7 7 . 8 
7 6 . 4 
3 8 . 1 
2 6 . 1 
77 .5 
6 2 . 5 
9 0 . 0 
65 .0 
6 7 . 5 
4 5 . 5 
3 7 . 5 
3 7 . 5 
9 0 . 0 
4 5 . 0 

± 8 . 9 ' 

± 4 . 5 ' 
± 0 . 9 ' 
± 5 . 0 ° 
± 2 .0 
± 3 .8 
± 5 . 4 ' 
± 3 . 8 ' 
± 3 . 8 ' 
± 2 . 5 
± 2 .5 
± 2 . 5 ' 
± 2 . 5 
± 2 4 . 1 
± 2 .5" 

Aniline hydroxyl 

0 
ase6 

i m o l / m g / 1 5 min) 
Cont ro l 

16 .4 

2 8 . 9 
12 .6 
2 3 . 7 
21 .7 
21 .7 
17 .7 
3 6 . 0 
24 .0 

16 .2 
2 1 . 7 
16 .7 

18 .5 

± 0 . 8 

± 0 . 2 
± 2 .2 
± 2 . 3 
± 2 .0 
± 1.3 
± 0 .4 
± 3 .0 
± 3 .0 

± 1.2 
± 1.0 
± 2 . 0 

± 2 .6 

Tes t 

2 0 . 4 

29 .2 
13 .8 
2 3 . 7 
22 .3 
18 .0 
18 .3 
3 9 . 3 
3 5 . 3 

18 .5 
2 6 . 7 
23 .0 

15 .7 

± 1 . 4 ' 

± 0 . 1 
± 0 . 3 
± 1.7 
± 0 . 7 
± 0 .5 
± 1.4 
± 2 .0 
± 2 . 0 ' 

± 1.3 
± 0 . 7 ' 
± 2 . 7 

± 2 . 4 

Cytochrome P-4506 

(O.D.45o-49o/mg/ml) 
Control 

0 .059 

0 .071 
0 .075 
0 .077 
0 .075 
0.072 
0 .069 
0 .042 
0 .042 
0 .059 
0 .070 
0 .061 
0 .073 
0 .093 
0 .081 

± 0 .006 

± 0.002 
± 0 .005 
± 0 . 0 1 1 
± 0 . 0 0 1 
± 0 . 0 0 3 
± 0 . 0 0 3 
± 0 . 0 0 7 
± 0 .003 
± 0 . 0 1 0 
± 0 .015 
± 0 .005 
± 0 . 0 0 5 
± 0 . 0 3 1 
± 0 . 0 1 1 

T e s t 

0 .111 

0 .093 
0 .098 
0.082 
0 .083 
0 .053 
0 .055 
0 .057 
0.052 
0 .060 
0.072 
0 .076 
0.675 
0.062 
0 .065 

± 0 .010 ' 

± 0.004= 
± 0 . 0 0 3 ' 
± 0 .005 
± 0 . 0 0 3 ' 
± 0 .001 
± 0 . 0 0 4 
± 0 . 0 0 4 ' 
± 0 . 0 0 3 ' 
± 0 .007 
± 0 . 0 0 9 
± 0 . 0 0 7 ' 
± 0 . 0 0 7 
± 0 . 0 1 7 
± 0 . 0 2 3 

"Compounds were given orally in coconut oil once daily for 7 days. 'Values represent the mean ± S.E. of n = 3. 'Signif­
icantly different from control (p < 0.05). 

metabolizing enzyme systems occurred after 7 days of pre­
treatment.10 For these reasons, a 7-day dosing schedule 
was used for all analogs tested. 

The effect of pretreatment with phenobarbital (Pb), 
clofibrate (1) and analogs 2-7 on liver weight, liver/body 
weight, and microsomal protein in male rats is summa­
rized in Table I. Pretreatment with Pb, 1, and analogs 3 
and 4 (0.40 mmol/kg) significantly increased the liver mi­
crosomal protein content. It should be noted that like 1 
and 3 the more rigid cyclic analog 4 increased microsomal 
protein at the lower dose while the more flexible cyclic 
chroman analog 6 showed no effect. Increases in liver 
weight and liver/body weight were observed with Pb ad­
ministration whereas no increases were noted in these pa­
rameters with analogs 1-7. 

The effect of pretreatment with Pb and analogs 1-7 on 
ethylmorphine ./V-demethylase, aniline hydroxylase, and 
cytochrome P-450 in liver microsomes is presented in 
Table II. The microsomal rates of ethylmorphine N-de-
methylation and cytochrome P-450 content were increased 
by prior administration of 1 or Pb while aniline hydroxyl-
ation was elevated only by Pb pretreatment. A compari­
son of the inductive effects of analogs 2-7 showed that the 
chlorodihydrobenzofuran 4 possessed all of the inductive 
properties of 1 and in addition exhibited an enhancement 
of aniline hydroxylation (0.80 mmol/kg). The only other 
analog studied which enhanced the rate of aniline hydrox­
ylation was the cyclic homolog of 4, namely chlorochro-
man 6. This analog increased the rate of aniline hydroxyl­
ation only at the lower dose. Considering those analogs 
which increased the rates of ethylmorphine N-demethyl-
ation the more rigid analog 4, like clofibrate (1), was ef­
fective at both doses. The chlorobenzodioxane 3 only was 
effective at the higher dose and the chlorochroman 6 only 
was effective at the lower dose. The lack of activity ob­
served for 6 at the higher dose is likely due to hepatotox-
icity. Moreover, the increases in rates of ethylmorphine 
N-demethylation observed for Pb and analogs 1 and 6 cor­
relate to elevations of cytochrome P-450, whereas the 
chlorobenzodioxane 3 did not show any significant change 
in cytochrome P-450 even though it enhanced ethylmor­
phine iV-demethylase activity. 

The cyclic deschloro analogs 5 and 7 were unable to 
produce any changes in specific activities of the hepatic 
drug metabolizing enzyme systems, cytochrome P-450, 
microsomal protein, or liver weight after chronic adminis­

tration. Similarly, the deschlorobenzodioxane analog 2 
was ineffective as a hepatic enzyme inducer. At low doses 
this analog caused a significant decrease in the rate of 
ethylmorphine N-demethylation while a small increase in 
cytochrome P-450 was observed at the higher dose. These 
findings indicate that the presence of a chloro group is re­
quired for the inductive properties possessed by these an­
alogs. 

Discussion 

In recent years, many compounds have been shown to 
stimulate the metabolism of drugs, foreign compounds, 
and normal body constituents by inducing the activity of 
the hepatic microsomal monooxygenase enzyme system.11 

Enzyme inducers have been divided into two general cate­
gories: (1) the barbiturate class including Pb and (2) the 
polycyclic hydrocarbons as exemplified by 3-methylcho-
lanthrene (3-MC). Pb is characterized by an ability to 
stimulate the metabolism of a wide variety of drug sub­
strates (type I and II substrates) whereas 3-MC increases 
the hepatic metabolism for a more limited group of com­
pounds (mainly type II substrates).22-23 Earlier reports9-24 

have shown that the hepatic microsomal N-demethylation 
of aminopyrine, a type I substrate, is elevated in clofi­
brate pretreated animals. We recently found that clofi­
brate (1) pretreatment enhanced the hepatic microsomal 
metabolism of type I substrates but not of type II sub­
strates.10 These findings were corroborated by the results 
obtained in the present study (Table II). Prior adminis­
tration of Pb induced the metabolism of ethylmorphine (a 
type I substrate) and aniline (a type II substrate) and in­
creased the liver weight and microsomal protein (Tables I 
and II). These inductive properties exhibited by Pb dif­
fered both qualitatively and quantitatively from those ob­
tained with clofibrate (1) and analogs 2-7. No increases in 
liver weight were noted with any of the analogs studied 
(Table I). Pretreatment with clofibrate (1) or analog 4 sig­
nificantly elevated microsomal protein and the rate of 
ethylmorphine N-demethylation. Among the analogs in­
vestigated by us, only 4 and 6 caused an increased rate for 
the metabolism of the type II substrate, aniline. The in­
ductive effects possessed by certain analogs, especially 4, 
are of comparable magnitude to the parent drug (1), al­
though differential effects on aniline metabolism can be 
noted. Moreover, the results indicate that these analogs 
cannot be adequately characterized in the barbiturate or 
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poly cyclic hydrocarbon classes of enzyme inducers. 
The changes in activities of hepatic drug metabolizing 

enzyme systems may be correlated to changes in the con­
centration of the terminal oxidase, cytochrome P-450.11 

This hemoprotein also is involved in the metabolism of a 
wide variety of steroids28 which includes the biosynthesis 
and metabolism of cholesterol.15 '36 In the present work, 
pretreatment of rats with Pb, clofibrate (1), and analog 4 
significantly elevated the level of cytochrome P-450 in 
liver microsomes from drug-treated animals at all doses 
used. Recently, Salvador and coworkers2627 showed that 
chronic administration of clofibrate (1) or the enzyme in­
ducers, Pb or chlorcyclizine, significantly lower serum 
cholesterol and other lipids in vivo. These investigators 
also reported that Pb and, to a much lesser degree, clofi­
brate (1) increased the rates of testosterone hydroxylation 
in liver microsomes. In preliminary experiments, we have 
observed that the hepatic microsomal oxidation of choles­
terol is greater in animals pretreated with clofibrate (1) 
and Pb. In view of these results, further studies will be 
necessary to evaluate the role of hepatic enzyme induction 
on the hypolipemic actions possessed by this class of 
agents, in vivo. Whereas White12 recently demonstrated 
that a major biochemical site of hypocholesterolemic ac­
tion by clofibrate ( l ) .may be mediated by the inhibition 
of 3-hydroxy-3-methylglutaryl CoA reductase, a rate-lim­
iting step in the biosynthesis of cholesterol, it should be 
noted that elevations in cytochrome P-450 may be related 
to an increased catabolism of cholesterol and thereby con­
tribute, in part, to the hypocholesterolemic and/or 
hypotriglyceridemic actions of this drug. Indeed, clofi­
brate (1) is a hypolipidemic agent which possesses multi­
ple modes of a c t i o n . 1 1 1 1 3 1 4 - 2 8 

In addition to the potential clinical significance of these 
studies, the differential effects of the various analogs on 
hepatic drug metabolism may be discussed in relation to 
the parent drug (1) and the structural requirements for 
biological activity. Biological studies from our laboratory1 

have previously indicated that removal of the chloro group 
from cyclic analogs afforded inactive compounds in 
hyperlipemic rats. Grisar and coworkers29 also found their 
deschloro analogs, which represent still another series of 
clofibrate related compounds, to be much less active as 
hypolipemic agents. Moreover, the comparative analysis 
of these cyclic analogs in the hyperlipemic animal model1 

revealed that none of the synthesized derivatives were 
more effective than clofibrate (1). Nearly identical find­
ings were observed in the present work. Similarly, the 
chloro analogs 3, 4, and 6 exhibited greater inductive 
properties than their corresponding deschloro analogs 2, 5, 
and 7. Only the 5-chlorodihydrobenzofuran (4) was found 
to possess inductive properties comparable to clofibrate 
(1). The qualitative and/or quantitative differences be­
tween the deschloro and chloro analogs observed in this 
study would not appear to be due to differential rates of 
enzymatic hydrolysis or to ionization constants of the free 
carboxylic acids formed. Previous reports have demon­
strated that clofibrate (1) undergoes rapid hydrolysis in 
vivo and in vitro to form the free acid.2 , 3 0 , 3 1 Nazareth, et 
al.,32 have shown that the esters of analogs 2-7 are nearly 
completely hydrolyzed in rat plasma within 5 min and 
that the pX a ' s of the free carboxylic acids are similar and 
range from 4.14 to 4.46. One physical parameter which 
could contribute to the overall differential effects observed 
between the chloro and deschloro analogs is their lipid 
solubility. Remmer33 indicated that the effectiveness of 
hepatic enzyme inducers is dependent upon their lipid 
solubility. For example, tolbutamide possesses more lipid 
solubility and is more potent as an inducer than carbu-

tamide and related sulfonamides. The log P values for the 
chloro analogs 3, 4, and 6 were 2.00 (calculated by addi­
tion of 0.60 to the experimentally determined log P value 
of the deschloro analog),§ 2.11, and 2.40, respectively, and 
are larger than the log P values for the corresponding des­
chloro analogs 2, 5, and 7 which were found to be 1.40, 
1.50 (calculated by subtraction of 0.60 from the experi­
mentally determined log P value for the chloro analog),§ 
and 1.90, respectively. Clofibrate (1) exhibited a log P 
value of 2.57 which is greater than any of the other ana­
logs. Thus, there seems to be a favorable correlation be­
tween lipid solubility and the ability of these analogs to 
produce enzyme induction. However, structural features 
also play a role in enzyme induction since differential ef­
fects were noted in the metabolism of type I and type II 
drug substrates (Table II). 

Finally, it should be emphasized that when these com­
pounds were assessed for their hypolipemic activity utiliz­
ing Triton WR-1339 treated rats, drugs were given 48 and 
24 hr prior to serum lipid analysis. Under these condi­
tions, the influence of these analogs on hepatic enzyme in­
duction would probably not contribute to their hypoli 
pemic properties. Further, using this limited series of ana­
logs there was no apparent correlation of log P values with 
differential hypolipemic activity. It seems, therefore, that 
these analogs likely exert their acute effects in the hyper­
lipemia rat model by other mechanisms. With chronic ad­
ministration, it is likely that increased hepatic enzyme in­
duction by the chloro analogs may contribute to an en­
hanced hypolipemic effect as compared to deschloro ana­
logs. However, it should be pointed out that biotransfor­
mation or other sites of loss, e.g., deposition and distribu­
tion, remain to be assessed and may, in the final analysis, 
explain differences observed for the effect of these analogs 
on hepatic enzyme induction and/or their hypolipemic 
action. 
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The biphenylylacetic acid derivative, 4-methyl-2-(4-
phenylbenzyl)-2-oxazoline-4-methanol (1, AHR-5318), has 
recently been developed and studied in this laboratory as 
an antiinflammatory substance. A study of its disposition 
and metabolic fate is the subject of this article and its 
pharmacology and more detailed chemistry will be re­
ported at a later date. The metabolic fate of this ring sys­
tem has not been reported in detail previously although 
Cressman1 has reported the use of a 14C-labeled sample of 
2-amino-5-phenyl-2-oxazoline (Aminorex) in a pharma­
cokinetic study. Turnbull2 and Morrison3 describe the 
metabolism of 2-oxazolidinorie derivatives in rats and dogs; 
however, this ring system is stable in vivo and its fate quite 
different compared with the 2-oxazoline system. 

Experimental Section 

Radioassay Methods. Analysis for 14C activity was carried out 
in a Packard Tri-Carb liquid scintillation spectrometer in an 
aqueous phosphor mixture of diphenylyloxazole (5 g, PPO) dis­
solved in 1 1. of toluene-dioxane-fotocol (200 proof), 4:4:2.5. 
Freeze-dried feces samples were assayed on a Packard sample ox­
idizer, Model 305 Tri Carb. 

Chromatography. Thin-layer chromatography was performed 
on a precoated, 250-mm thickness, silica gel plate (Analtech, Inc., 
Silica GF). The following systems were used to develop the 
plates: A, formic acid (88%)-ethanol-chloroform, 5:5:90; B, meth-
anol-chloroform, 1:9; C, acetic acid-water-1-butanol, 11:25:50; 
D, ammonium hydroxide (concentrated)-methanol-chloroform, 
2:30:70; E, formic acid (88%)-ethanol-chloroform, 2:2:96; F, am­
monium hydroxide (concentrated)-methanol-chloroform, 1:10:90; 
G, 2JV ammonium hydroxide-ethanol-1-butanol, 1:1:4; H, meth-
anol-benzene, 1:9. For radioactivity assay the active zones were 
scraped from the plates and extracted with methanol or 5% 
ammoniacal methanol and aliquots were counted. The spots were 
visualized as quenching zones under short-wave uv light. 

Mass Spectrometry. Analyses were performed on a Hitachi 
RMU-6 mass spectrometer using the solid inlet system. Samples 
obtained from thin-layer plates were first extracted from the 
scraped off silica with methanol. After evaporation of the solvent 
the solid residue, consisting of a small amount of silica that had 
dissolved in the methanol plus the sample, was reextracted with 
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chloroform. After removal of the chloroform the resulting sample 
gave satisfactory fragmentation patterns. Usually 20-Mg samples 
or larger were extracted from the thin-layer plates in this way. 

Hydrolysis of Conjugates. Potential glucuronide and sulfate 
conjugates were hydrolyzed by 24-hr incubation with Glusulase 
(Endo Laboratories) of urine at 37°, pH adjusted to pH 5.0 with 
acetic acid, and 0.1 ml of enzyme concentrate to 10 ml of urine. 
Tic experiments with rat urine indicated that the metabolite 
spectra were the same before and after Glusulase treatment. Rat 
feces and dog urine and feces were not examined before Glusulase 
hydrolysis. 

Rats. Three 200-g female rats housed in metabolism cages were 
given the drug, 200 mg/kg, as a sonified oral suspension in one 
dose and the urine and feces were collected at intervals for 3 
days. 

Dog. A 14.2-kg female mongrel dog housed in a metabolism 
cage was given a single oral dose, 50 mg/kg, in a gelatin capsule. 
Urine and feces were collected daily and analyzed. 

Isolation of Metabolites. Urine samples before or after Glusu­
lase treatment were passed through columns of XAD-2 resin, bed 
volume approximately one-third the urine volumes, and after a 
water wash the columns were eluted with methanol. By this pro­
cedure 92-98% of the drug-related material (radioactivity) could 
be concentrated into a fraction suitable for thin-layer chromatog­
raphy directly or for other fractionation procedures. 

Homogenized and freeze-dried rat feces were extracted by over­
night refluxing and stirring with ethanol, giving about 50-55% of 
the radioactivity in the extract. Partition between methanol con­
taining 10% water and low-boiling petroleum ether removed fat 
and after removal of the methanol the residue in water was 
passed onto an XAD-2 column. All of the radioactivity was then 
removed by methanol elution. 

The freeze-dried sample of dog feces (24-48-hr collection con­
taining 17% of the dose) was run through a Wiley mill and preex-
tracted with petroleum ether to remove fat. It was then extracted 
successively with acetonitrile, hot water, and refluxing 1:1 etha­
nol-water to finally extract 91% of the radioactivity in the feces. 
The total extracts were combined and treated by the same proce­
dure as the rat feces extract to obtain an XAD-2 resin eluate 
which contained substantially all of the radioactivity in the dog 
feces extract. 

Dog Gastric Juice Incubation. Samples of 1 were dissolved in 
dog gastric juice at concentrations of 0.5 and 1.0 mg/ml and incu­
bated at 37° for periods of 0.5 and 1 hr. The products were isolat­
ed on an XAD-2 resin column and examined by tic in systems C, 
E, F,and G. 

Disposition and Metabolism of 4-Methyl-2-(4-phenylbenzyl)-2-oxazoline-4-methanol in 
the Rat and Dog 
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Following oral administration of [2-uC]-4-methyl-2-(4-phenylbenzyl)-2-oxazoline-4-methanol (1), a synthetic anti­
inflammatory substance, to rats and dogs the drug is eliminated rapidly in the urine and feces. The major metabo­
lite (50-70%) in the rat is 4-(4-hydroxyphenyl)phenylacetic acid (6), whereas the dog eliminates primarily the un­
usual taurine conjugate of biphenylylacetic acid 4 and biphenylylacetic acid 5. Six minor metabolites have been 
characterized. The synthesis of the 14C-drug sample and three of the metabolites 2-4 is described. 


