
The high temperatures used in the GLC method may lead to 
thermal degradation of cholesterol, especially since the 3 8 - h ~ -  
droxyl group is not derivatized. However, no evidence for thermal 
degradation was observed in this study. A saturable adsorptive 
phenomenon for cholesterol in the column was not observed. Oth- 
ers reported this to be a problem (2, 6, 9). If loss on the column 
occurs in the method reported here, it does not manifest itself in 
poor accuracy or precision (Fig. 2 and Table I). 

A technician may, starting with whole blood, obtain the results 
for total cholesterol on at  least 40 samples in a working day. This 
assumes that manual techniques are utilized and only one col- 
umn of a gas chromatograph is available. One column in these 
laboratories has been satisfactorily utilized for more than 1 year 
under the conditions specified. 
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Correlation of Plasma Ibuprofen Levels with 
Biological Activity 

DAVID G. KAISERX and E. MYLES GLENN 

Abstract Investigations with ibuprofen [( &)-p-isobutylhydratro- 
pic acid], a well-tolerated, orally active, anti-inflammatory drug, 
were undertaken to: (a) determine the relationship among plasma 
drug concentrations, administered dose, and anti-inflammatory 
activity in developing and established polyarthritis in rats; and 
(b) compare the plasma drug disappearance half-lives in normal 
and polyarthritic rats. The results indicated that plasma drug 
concentrations in normal and polyarthritic rats were dose related. 
The logarithm of biological activity expressed as [% IPA/(100 - 
% IPA)], where 70 IPA is the mean percent inhibition of devel- 
oping or established polyarthritis as measured by plasma inflam- 
mation units, was related to the logarithms of (a) administered 
dose (mg kg-I), ( b )  plasma drug concentrations (pg ml-1) a t  2 hr 
postadministration, and ( c )  average plasma drug concentrations 
(pg ml-1) in a dosage interval a t  the equilibrium state. Half-lives 
for elimination of ibuprofen from the plasma of normal rats (after 
single-dose oral drug administration) and polyarthritic rats (after 
29 doses) were essentially identical. 

Keyphrases Ibuprofen-plasma levels correlated with biological 
activity Biological activity-correlated with ibuprofen plasma le- 
vels Anti-inflammatory agents-ibuprofen plasma levels corre- 
lated with biological activity 

Ibuprofen1 [( f )-p-isobutylhydratropic acid] (I) is a 
well-tolerated, orally active, anti-inflammatory agent 
utilized for the treatment of rheumatoid arthritis 
(1-3). The pharmacology, toxicology, and aspects of 
the absorption, distribution, and metabolism of I 
were reported previously (4-6). Recently, a sensitive 
and specific GLC procedure was described (7)  for the 

determination of I in plasma. The present studies 
were conducted to: (a) determine the relationships 
among plasma I concentrations, orally administered 
dose, and anti-inflammatory activity in developing 
and established polyarthritis in rats; and (b )  com- 
pare the elimination half-lives of I after single-dose 
administration to normal rats and after multiple- 
dose administration to rats with established polyar- 
thritis. 

EXPERIMENTAL 

Rats with Developing Polyarthritis-Sixty Badger male rats 
(-235 g) were made polyarthritic by the intradermal injection 
into the tail of 0.5 mg of dead Mycobacterium butyricurn* in 0.1 
ml of mineral oil on Day 0. On Day 1, the animals were divided 
into six groups of 10 each. The groups received 0, 4.2, 9.0, 17.2, 
33.6, or 67.2 mg I/kg, respectively, as a 1-ml aqueous suspension 
orally, bid for 14 days. On Day 15 all animals were weighed and 
scored. Five rats from each group received an additional (29th) 
oral dose of I, 2 hr prior to sacrifice. All animals were exsanguinat- 
ed, and plasma specimens were obtained for the measurement of 
plasma inflammation units. Plasma aliquots from the animals re- 
ceiving the 29th dose were stored at -18' until analyzed for I. 

Rats with Established Polyarthritis-A series (180) of Badger 
male rats (-230 g) was made polyarthritic as described. On Day 
14, the animals were visually scored, weighed, and divided into 
four groups of 45 each. Beginning on Day 15, the groups received 
0, 16.4, 34.6, or 72.4 mg I/kg, respectively, as a 1-ml aqueous sus- 
pension orally, bid for 14 days. After 28 doses (Day 28), animals 
were visually scored and weighed. Beginning with the 29th dose 
(Day 29), two to five rats per group were sacrificed and exsangui- 
nated at 0, 1, 2, 3, 4, 6, 8, 12, and 24 hr. Plasma specimens were 

~~ ~ _ _ _ _ _  
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Table I-Plasma Inflammation Units and Plasma I 
Concentrations in Rats with Developing Adjuvant-Induced 
Polyarthritis 2 hr af ter  the Last Dose of a 
Multiple-Dose Regimen 

2.0 

a 

'Lg0.8  

5 0.6 

a 'L 1.0 

6e' 

0.4 

Dose of I, Plasma Plasma I 
Orally, bid, Inflammation Percent Concentrationsc, 

mg kg-1 Units" IPAb pg ml-1 

- 

- 
- 
- 
- 

0 60.0 f 4.6 0 0 
4.2 46.0 f 3.0 23 3.50 f 0.27 
9 .o 46.0 =t 2.8 23 9.81 f 0.95 
17.2 32.0 f 3.7 47 17.02 f3.11 
33.6 27.0 f 2.4 55 29.36 i 5.61 
67.2 21.0 i 4.0 65 50.27 f 10.56 

~~~ ~~ 

" Mean f SEM for 10 rats per group. 
Mean f SEM for five rats per group. 

Percent inhibition of polyarthrith. 

obtained for the measurement of plasma inflammation units and 
the remaining portions were stored at - 18". 

Normal Rats-Forty-five Carworth male rats (-255 g), housed 
in screen-bottomed holding cages, were fasted for 16 hr prior to 
oral administration of 19.6 mg I/kg as a 1-ml aqueous suspension. 
Animals were fasted an additional 4 hr, after which food was re- 
turned ad libitum. Groups of five rats each were sacrificed and 
exsanguinated at 0, 1, 2, 3, 4, 6, 8, 12, and 24 hr. Plasma speci- 
mens were collected and stored at  -18". 

Determination of Plasma Inflammation Units-The procedure 
for the determination of plasma inflammation units in the adju- 
vant-induced polyarthritic rat described previously (8) was em- 
ployed. 

Determination of Plasma I Concentrations-The GLC proce- 
dure for the determination of I in plasma reported previously (7) 
was used. 

RESULTS AND DISCUSSION 

Observed plasma inflammation units and plasma I concentra- 
tions 2 hr after the last (29th) dose in rats with developing po- 
lyarthritis are summarized in Table I. Table I1 shows observed 
plasma inflammation units and plasma I concentrations over the 
0-24-hr interval after the last (29th) dose in rats with established 
polyarthritis, as well as plasma I concentrations after single-dose 
administration in normal rats. 

Figure 1 indicates that both the 2-hr plasma I concentrations 
and the mean plasma I concentrations over the 0-12-hr dosage in- 
terval were linearly related to dose. Similar observations were re- 
ported previously for the anti-inflammatory agents indoxole (9) 
and 4,5-bis(p-methoxyphenyl)-2-phenylpyrrole-3-acetonitrile (10) 
in polyarthritic rats. In the present study, plasma I concentra- 
tions in developing and established polyarthritic rats after multi- 
ple-dose administration were not different from those in normal 
rats after a single dose (Fig. I), indicating no effect of the polyar- 
thritis or of the chronic dosage regimen on the pharmacokinetics 
of I (vide infra). 

Earlier studies with indoxole (9) and 4,5-bis(p-methoxyphenyl)- 
2-phenylpyrrole-3-acetonitrile (10) showed that inhibition of po- 
lyarthritis in chronically treated rats was linearly related to log 
dose and log mean circulating drug levels over the dosage inter- 
val. Similar treatment of the data for I (Tables I and II), covering 
a wide range of doses and plasma I concentrations, gave sigmoid 
curves. Wagner (11) suggested linearization of such data by the 
use of Eq. 1: 

log [ % IPA ] s log A + log Q (Eq. 1) 100 - % IPA 

where % IPA is percent inhibition of polyarthritis, A is dose or 
circulating drug concentration, and Q is [Yo IPA/(100 - ?% IPA)] 
at unit value of A. Linear least-squares regression analysis of the 
data from Tables I and I1 according to Eq. 1 is shown in Fig. 2. 
Separate analyses of the data from rats with developing and with 
established polyarthritis gave slopes and intercepts not signifi- 
cantly different, permitting the data to be pooled. From Fig. 2, it 
may be calculated that 50% inhibition of polyarthritis was pro- 
duced by an oral dose of 28.3 mg kg-' bid, by a 2-hr plasma I con- 
centration at  equilibrium of 21.7 pg ml-*, and by a mean plasma I 

7 50 
E 
- 
M 

$40 
0 
L 

a 
5, a 2 10 

0 10 20 30 40 50 60 70 
DOSE, mg kg-1 

Figure 1-Linear least-squares regressions of 2-hr plasma I 
concentrations (open symbols) and mean plasma I concentra- 
tions, 0-12 hr (closed symbols), versus dose. Key: 0, rats 
with 'developing polyarthritis; A,A, rats with established poly- 
arthritis; and 0,  H,  normal rats. 

concentration over the dosage interval of 6.95 pg ml-l. Of consid- 
erable interest is the fact that I was equipotent when given during 
the development of polyarthritis or following establishment of the 
polyarthritis. 

Recent publications (12-16) have shown that marked reduc- 
tions in liver microsomal drug-metabolizing enzyme systems 
occur during the development of adjuvant-induced polyarthritic 
lesions in rats. Quevauviller et al. (12) observed a prolongation of 
sleeping times after the administration of phenobarbital, pento- 
barbital, and thiopental. Morton and Chatfield (13) found that 
liver microsomal N-demethylase and NADPHZ-oxidase activities 
as well as P-450 levels were greatly reduced. The maximum toler- 
ated oral dose of phenobarbital was lower than in normal rats. In 
addition, in rats with established polyarthritis, decreased 
amounts of urinary j3-glucuronide and sulfate conjugates, and in- 
creased amounts of unconjugated drug were observed following 

4.0 1 

0.2 17- 
I I I I I 1  I I I  
2 4 6 8 1 0  20 40 60 80 
DOSE, mg kg-1. OR PLASMA I CONCENTRATIONS, pg m1-l 

Figure 2-Linear least-squares regressions of log [% IPAI 
(100 - % IPA) ] versus log dose (mg kg-1, hatched symbols, 
A ) ,  log 2-hr plasma I concentrations (pg ml-1, open symbols, 
B ) ,  and log mean plasma I concentrations, 0-12 hr (pg ml-l, 
closed symbols, C) after multiple-dose administration in  rats 
with developing polyarthritis (circles) and with established 
polyarthritis (triangles). 
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Table 11-Plasma Inflammation Units  and Plasma I Concentrations in Rats with Established Adjuvant-Induced 
Polyarthritis af ter  t h e  Last Dose of a Multiple-Dose Regimen and in Normal  Rats af ter  a Single Dose 

Polyarthrit ic Ratso Normal Rats 
Dose, m g  kg-1 16.4 
Plasma Inflammation Unitsb 32 . 1 f 3 . 4  
Percent IPAd 35 

34.6 
20 .1  f 1 . 5  
59 

72 .4  
17 .4  f 2 .4c 
65 

19 .6  
- 
- 

Hows Plasma I Concentrations, pg ml-1eJ 

0 
1 
2 
3 
4 
6 
8 

12 

0 
14.99 f 2.68  
7 .00  f 1.07 
5.19 i 0.38  
4 .62  I 1 . 2 0  
2.03 =!= 0.37  
1 .41  f 0.79  

0 

0 
63.62 f 16.50 
25.51 f 4 . 1 1  
15.49 f 4.06  
5 .48  f 1.26  
2.25 f 0.60  
1 .15  f 0.54  

0 

1.88 
49.20 
82.20 
15.08 
5 .52  
6 .24  
2 .06  
0 

0 
30.88 i 1.97 
12.46 1 .94  
5 .96  f 0.43  
6 .59  1.55 
1.35 f 0.27 
0 .67  f 0.17  

n 
24 0 0 0 0 11' C dt, pg ml-1 hrr 42.40 120.8 174.4 63.90 

Tim hr' 2.47  1 .40  2.09 1.41 
C, pg ml-lh 3.53  10.07 14.53 5 .33  

I administered orally, bid for total of 29 doses. 
level (72.4 mg kg-I), 28 of 45 animals died before Day 29. 
dose where values are mean for two rats at each time. 
the 0-12-hr dosage interval calculated by the trapezoidal rule. 
terminal portion (3-8 hr) of plasma concentration curves. 

Mean =k S E M  for 45 rats per group except as noted. Mean + SEM for 17 surviving rats. At high dosage 
Mean f SEM for five rats per sampling except at highest 

Integrated area under the plasma I concentration curve over 
Mean plasma I concentration over the 0-12-hr interval. ' Half-life for elimination of I from 

Percent inhibition of polyarthritis. 
Values <0.5 pg ml-I are reported as 0. 

oral administration of acetaminophen (paracetamol). Zak et al. 
(14) observed a greatly prolonged hexobarbital sleeping time and 
reduced liver microsomal benzpyrene hydroxylase activity. These 
effects were reversed by treatment with the anti-inflammatory 
drugs, phenylbutazone, indomethacin, and flufenamic acid, which 
also improved the arthritic conditions of the animals. Treatment 
with phenobarbital reversed the enzymatic effects but did not af- 
fect the arthritis. Beck and Whitehouse (16) reported depressed 
demethylation of N,N-dimethylaniline or aminopyrine as well as 
impaired metabolism of cyclophosphamide. 

To determine the possible effects of polyarthritis as well as 
multiple-dose administration of I on the rate of metabolism of I, 
drug elimination half-lives were determined from the data in 
Table I1 by linear least-squares regression analysis of the terminal 
(3-8-hr) portions of the log plasma I concentration uersus time 
curves. Half-lives for elimination of I in normal rats and in po- 
lyarthritic rats after 29 doses were essentially identical. It may be 
concluded that if metabolism of I was inhibited by the adjuvant- 
induced arthritis, the inhibition was reversed by the anti-inflam- 
matory effects of the drug. Multiple-dose administration of I did 
not appear to induce its own metabolism. 
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