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ABSTRACT 

Esters of prednisolone with ibuprofen and indomethacin 
were prepared by coupling the 21-hydroxy moiety of the 
glucocorticoid to the carboxylic group of the non- 
steroidal anti-inflammatory agents. The local and 
systemic anti-inflammatory activities of the conju- 
gates were evaluated using the cotton pellet granuloma 
bioassay and their topical activity evaluated by the 
croton oil-induced ear edema assay, in male Sprague- 
Dawley rats. The results indicate that these conju- 
gates possess greater local and topical anti-inflamma- 
tory activity than prednisolone. In the subacute ear 
edema bioassay, the conjugates displayed no discerni- 
ble untoward systemic effects, unlike prednisolone and 
prednisolone acetate, which elicited significant ad- 
verse systemic effects, at equipotent doses. These 
findings suggest that the chemical coupling of predni- 
solone and non-steroidal anti-inflammatory agents 
produced compounds with enhanced anti-inflammatory 
potencies and reduced systemic toxicities, particu- 
larly when administered topically. 

INTRODUCTION 

Both glucocorticoids and non-steroidal anti-inflamma- 
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tory agents (NSAIDS) are used to treat a variety of 

inflammatory conditions. A plethora of information on 

both classes of drugs is readily available, but there 

is a distinct paucity of information on the two cova- 

lently combined. Recent published reports have inti- 

mated that conjugates of glucocorticoids and anti-can- 

cer agents exhibited greater cytolytic activity than 

the anti-cancer agent alone, or admixtures of the two 

drugs (1,2). It has also been reported that coadmin- 

istration of NSAIDs with dexamethasone produced 

"sequential potentiation" of the anti-inflammatory 

activity of the glucocorticoid in the carrageenin rat 

paw edema assay (3). 

One immediately obvious rationale for investigat- 

ing conjugates of NSAIDs and glucocorticoids is that, 

following in vivo cleavage of the conjugates, the two 

components may act simultaneously and/or sequentially 

to inhibit steps in the inflammatory cascade, that may 

lend itself to increased effectiveness. This idea is 

somewhat akin to the sequential blockade of tetrahy- 

drofolic acid biosynthesis by sulfamethoxazole/tri- 

methoprim combination in antimicrobial chemotherapy. 

The primary objective of this study was to ascertain 

whether or not the chemical coupling of NSAIDs and 
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prednisolone would produce compounds with enhanced 

anti-inflammatory activity. Two such conjugates were 

prepared: ibuprofen-prednisolone (Ibupred), and indo- 

methacin-prednisolone (Indopred). They were compared 

to prednisolone (P) and prednisolone acetate (P-AC), 

in the cotton pellet granuloma and croton oil-induced 

ear edema assays, in terms of anti-inflammatory activ- 

ity and propensity to elicit adverse systemic effects, 

such as suppression of plasma corticosterone levels, 

reduction of relative thymus and adrenal weights, and 

decrease in normal body weight increases. 

~TERIALS AND METHODS 

Chemicals and Instrumentation 

Prednisolone (P) and ibuprofen were obtained from 
Upjohn (Kalamazoo, MI), indomethacin, croton oil and 
N,N'-dicyclohexylcarbodiimide (DCC) from Sigma (St. 
Louis, MO), methylcellulose and 4_dimethylaminopyri- 
dine (DMAP) were obtained from Aldrich Chemical Com- 
pany (Milwaukee, WI). All solvents were obtained from 
Fisher Scientific (Orlando, FL) and were of analytical 
grade. Melting points were determined on a Thomas 
Hoover capillary melting point apparatus, and are 
uncorrected. Proton-NMR spectra were recorded by a 
Bruker HX-270 instrument and the chemical shifts are 
reported in parts per million (ppm) downfield from the 
internal standard, tetramethylsilane. Ultraviolet 
spectral data were generated by a Beckman 5260 spec- 
trophotometer. Mass spectra were recorded on a Finni- 
gan 4510 GCMS, using negative and positive chemical 
ionization. Infrared spectra were recorded on a Per- 
kin-Elmer 1430 spectrophotometer, using KBr pellets. 
Elemental analysis samples were dried in vacua for 48 
h at 80 C (in a "drying pistol") prior to submitting 
to Galbraith Laboratories, Inc. (Knoxville, TN) for 
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analysis. The drug vehicles for local and topical 
applications were as follows: dichloromethane (conju- 
gates), acetone (PI, and chloroform/methanol (9:l) for 
P-AC. 

Synthesis of the Conjugates (Fiq. 1) 

Both conjugates were prepared by utilising a modified 
version of the method of Neises and Steglich (4). 
Briefly, the non-steroidal carboxylic acids were acti- 
VatedbyDCCandDMAP, followedbycouplingof the 21- 
hydroxy group of the steroid (P) to the activated 
acids, in dry N,N-dimethylformamide (DMF). The crude 
products were purified by flash column chromatography, 
using silica-gel (Fisher 100-200 mesh, type 60 A) as 
the adsorbent, and chloroform/methanol (9:l v/v) as 
the eluent. Homogeneity of the pure products was 
monitored by thin-layer chromatography (TLC) on Merck 
60F-254 plates, with visualization under UV light, 
followed by charring with a ceric ammonium sulfate/ 
sulfuric acid solution. 

E =o 

DRF 

I’ + RCOOH 
1). Dvw, 0 c 

(NSAID) 2). fC&e 25 C 

M+p- 

i-b” 

I BUPRED 

Figure 1. Synthetic scheme for the conjugates. 
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Ibuprofen-Prednisolone conjugate (Ibupred) 

To a stirring solution of 2.06 g (10 mmol) of ibupro- 
fen in 10 mL of dry DMF, lllmg (0.9 mmol) of DMAP and 
3.6 g (10 mmol) of P were added. After the reaction 
mixture was chilled to 0 C (NaCl/Ice bath), 2.27 g (11 
mmol) of DCC was added and the reaction mixture 
stirred at room temperature for 3 h. Precipitated 
dicyclohexylurea (DCU) was removed by vacuum filtra- 
tion and the filtrate diluted with 800 mL of dichloro- 
methane, and washed sequentially with 0.1 N HCl (3 x 
200 mL), a saturated sodium bicarbonate solution (3 x 
300 mL), and distilled water (3 x 300 mL). The organ- 
ic phase was dried over anhydrous sodium sulfate, 
followed by removal of the solvent under vacuum at 35 
C, yielding an oily solid. The semi-solid was tritu- 
rated with acetone/hexanes (l:l), followed by removal 
of solvent under vacuum, yielding an amorphous solid 
(4.5 g). 

The crude product was subjected to flash column 
chromatography. The fractions containing pure product 
were combined, solvent removed under vacuum and the 
resulting solid precipitated from methylene chloride/ 
hexanes, yielding a white amorphous solid that was 
homogeneous by TLC: (3 g, 54.5% yield), Rfz0.5; 
CHC13/CH30H (9:1), 0.6; dichloromethane/acetone/ 
hexanes (2:3:5), 0.24; hexanes/ethyl acetate (2:l) 
mp=180-182 c. 

Proton-NMR (CDC13): ppm 0.9 (d, 6 H, 2 CH3 of 
ibuprofen side chain, 1.0 (s, 3H, 13-CH3 of P), 1.45 
(s, 3H, lo-CH3 of P), 1.55 (d, 3H, CH3 next to car- 
bony1 of ibuprofen), 
side chain), 3.85 (m, 

2.45 (d, 2H, CH2 of ibuprofen 
lH, CH alpha to ester carbonyl), 

4.45 (m, lH, 11-H of P), 
6.01 (s, lH, 4-H of P), 

4.9 (m, 2H, 21-CH2 of P), 
6.28 (dd, lH, 2-H of P), 7.15 

(m, 2H, phenyl protons of ibuprofen), 7.22 (m, 3H, 1-H 
of P and 2 phenyl protons of ibuprofen). Analyzed for 
C,H: Theoretical: C=74.42%; H=8.08%; Found: C=73.85%; 
H=8.28%. The discrepancy between theoretical and 
analyzed value for carbon is ascribed to persistent 
solvation. Mass spectral data: 
sity) 548.28 (22.72, M', 

m/e (relative inten- 
negative chemical ioniza- 

tion), 518.3 (19.26), 342.3 (100): positive chemical 
ionization: 549.46 (5.6, M+ + l), 207.3 (loo), and 
infrared spectrum were consistent with the proposed 
structure. 
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Indomethacin-prednisolone conjugate (Indopred) 

The above procedure was utilized for the preparation 
of Indopred, except that smaller quantities (2.8 mmol 
of P) of reactants were used. Yield: (300 mg, 1681, 
mp=158-160 C; Rf= 0.63; 
CH2ClZ/acetone/hexanes 

CHCl /CH30H (9:1), 0.13; 
(3:2:5 , 0.4; hexanes/ethyl ? 

acetate (2:l): Proton-NMR (CDC13/DMSO-d6): ppm 0.9 (s, 
3H, 13-CH3 of P), 1.51 (s, 3H, lo-CH3 of P), 2.35 (s, 
3H, CH3 attached to indole ring), 3.65 (s, 2H, CH2 
alpha to carbonyl of indomethacin), 3.84 (s, 3H, OCH3 
of indomethacin), 4.4 (m, lH, 11-H of P), 4.8-5.1 (m, 
2H, 21-CH of P), 5.95 (s, lH, 4-H of PI, 6.20 (dd, 
lH, 2-H o P), i! 6.65 (dd, lH, phenyl proton of indo- 
methacin), 6.88 (d, lH, phenyl proton of indometha- 
tin), 6.98 (s, lH, phenyl proton of indomethacin), 
7.21 (d, lH, 1-H of P), 7.45 (dd, 2H, phenyl protons 
of indomethacin), 7.64 (dd, 2H, phenyl protons of 
indomethacin). Analyzed for C,H: Theoretical: 
C=68.61%; H=6.05%. Found: C=68.59%; H=6.72%. Dis- 
crepancy between theoretical and analyzed value for 
hydrogen is ascribed to persistent solvation. How- 
ever, the other instrumental analysis data allowed for 
unambiguous structure elucidation. Mass spectral 
data: m/e (relative intensity): 699.2 (2.11, M+- 11, 
700.22 (1.17, M+), 702.22 (0.42, M++21, 357.48 (1001, 
342.2 (40.241, using negative chemical ionization. 
The infrared spectrum was also consistent with the 
proposed structure. 

Partition Coefficients 

Octanol/phosphate buffer partition coefficients were 
measured by a modified version of the procedure of 
Alhaider and co-workers (51, as previously described 
by Kim et al (6). 

Pharmacological Evaluations 

Animals: Male, Sprague-Dawley rats (Harlan Sprague- 
Dawley, Inc., Indianapolis, IN), weighing loo-180 g, 
were used throughout. The animals had unlimited 
access to standard rat chow and water, and were kept 
under a controlled light/dark cycle (12 h/12 h). 
Prior to the start of each experiment, the animals 
were randomly divided into groups of 5 or 6. 
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Cotton Pellet Granuloma Bioassay: Local administra- 
tion of drugs: Anti-inflammatory activities of the 
conjugates, NSAIDs, P, and P-AC were evaluated in the 
cotton pellet granuloma bioassay, using a modification 
of the Meier bioassay, reported by soliman and Lee 
(7). Each animal received (under light ether anesthe- 
sia) a drug treated pellet, subcutaneously implanted 
under the right axilla, and a vehicle-treated pellet 
under the left axilla. Control animals were implanted 
with two vehicle treated pellets. Seven days later 
the rats were sacrificed by cervical dislocation. 
Inhibition of granuloma formation and systemic effects 
were assessed as previously described (6). 

Multiple oral administration of drugs: Two untreated 
cotton pellets were implanted subcutaneously as des- 
cribed above. The test compounds were dissolved in 3 
mL of ethanol, and the ethanol solutions of the drugs 
suspended in 10 mL of a 1% aqueous methylcellulose 
solution. Equimolar doses of the drugs were adminis- 
tered orally, once daily, for 7 days, then the animals 
were sacrificed and anti-inflammatory and systemic 
effects assessed, as previously reported (6). 

Croton Oil Induced Ear Edema Assay Acute: Effects of 
topically applied agents on edema formation were mea- 
sured, using a modified version of the croton oil- 
induced ear edema assay of Tonneli and co-workers (8). 
After initial ear thickness measurements were made 
with a spring loaded micrometer (Lux Scientific 
Instruments, NY), 25 PL of indicated amounts of ster- 
oids, dissolved in appropriate vehicles, was applied 
to the right ears of rats, and 25 VL of vehicle 
applied to the left ears. Approximately 30-60 min 
later, 20 PL of a 5% solution of croton oil in acetone 
was administered to both ears. Control animals were 
treated with only vehicle and phlogistic agent on both 
ears. All drug solutions and vehicles were applied by 
micropipette (Finnpipette) to the outer surface of the 
ears. Five h after administration of the phlogistic 
agent, ear thicknesses were remeasured. Percent inhi- 
bition of edema formation was determined by comparing 
the ear thickness of steroid treated animals to con- 
trol animals. In addition, the magnitude of reduction 
in swelling of the contralateral ears (untreated), was 
used as a monitor of systemic anti-inflammatory 
effects of the test compounds, The dose which inhib- 
ited edema formation by 50% (IDso) was estimated from 
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a plot of percent inhibition (right ears) versus dose 
(mg) . 

Subacute: The estimated IDSO doses were used in this 
study. The drugs were applied to the animals' right 
ears, and the left ears were treated with vehicle. 
Drug and phlogistic agent were applied topically, once 
daily for 7 days (9). Control animals were treated 
with vehicle and phlogistic agent only, during the 7- 
day period. Five h after the final treatment, the 
animals were sacrificed and anti-inflammatory and 
untoward systemic effects assessed as previously 
described. 

Plasma Corticosterone Measurements: Blood samples 
were collected by cardiac puncture, plasma separated 
by centrifugation (Eppendorf centrifuge; 10 min @ 
11,000 x g), and corticosterone in plasma quantitated 
by r$dioimmunoassay, utilising the procedure in the 
RSL [H]corticosterone kit (Radioassay Systems Labora- 
tories, Inc., Carson, CA). 

Statistical Analysis: One-way analysis of variance 
(ANOVA), followed by a least squares difference 
between means subtest was used to determine values 
significantly different from controls at *p<O.O5. 

RESULTS AND DISCUSSION 

Local and systemic effects of locally administered 
drugs in the cotton pellet granuloma bioassay. 

Anti-inflammatory activity of Ibupred, P, and ibupro- 

fen, together with their propensity to elicit untoward 

systemic effects, at equimolar doses (6.9 uM), are 

shown in Table 1. At this dose, Ibupred displayed 

slightly greater local anti-inflammatory activity than 

P, but, unlike P, it exhibited virtually no systemic 

anti-inflammatory activity. In this assay, both P and 

Ibupred had similar degree of impact on suppression of 
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Table 1. LOCAL AND SYSTEMIC EFFECTS OF LOCALLY ADMIN- 
ISTERED IBUPRED, P, AND IBUPROFEN IN THE 
COTTON PELLET GRANULOMA BIOASSAY. 

Groupa % Inhi- Relative 
biticnb ~hymus 

Relative Plasma BodY 
Adrenal Cortico- 

Weigh& Wightsc steronec 
Weight 
Changec 

mg/lOO g mg/lOO g ng/mL (91 

C --_ 337.5+ 9.2 13.6kO.4 255.0f15.5 45.4t3.0 

l-56.9 
P ;67.@18.5 i1.9f0.7 4*4.5* 6.8 42.4+1.2 

L-38.4 

i-62.5 
IbP ;05.5+16.4 12.610.4 4*1.3+ 6.4 ;3.0&2.4 

L- 8.3 

R-10.4 
IbU 306.3k18.0 14.4kO.8 225.0+52.9 ;5.0+3.1 

L- 0.0 

aAbbreviations and doses: C=Control; P=Prednisolone (2.5 mg/right 
pellet: 6.9 JLM), IbP=Ibupred (3.8 mg/right pellet: 6.9 uM), Ibu= 
Ibuprofen (1.3 mg/right pellet; 6.9 J&I). 

bpercent inhibition of granuloma formation: R=Right (treated) 

c? 
llet; L=Left (untreated) pellet. 

alues are expressed as mean + SEM for 5 animals: significantly 
different from control (p<O.O51*. 

plasma corticosterone levels, but, unlike P, Ibupred 

did not significantly reduce relative adrenal weights. 

Ibupred caused less increases in body weights and 

displayed greater thymolytic effects than P, probably 

related to enhanced glucocorticoid effect of the con- 

jugate. Ibuprofen displayed very weak anti-inflamma- 

tory activity, at the dose tested, and did not have 
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much impact on the other parameters. Anti-inflamma- 

tory and systemic effects of indopred, P, P-AC, and 

indomethacin, at equimolar doses (6.9 PM), are summa- 

rized in Table 2. 

Table 2. LOCAL AND SYSTEMIC EFFECTS OF LOCALLY ADMIN- 
ISTERED INDOPRED, P, P-AC, AND INDOMETHACIN 
IN THE COTTON PELLET G~ANULO~ BIOASSAY 

Druga % Inhi- 
bitionb 

Relative Relative Plasma Body 
?2_iyrrms Adrenal Cortico- 
Weigh& Weights' 

N-eight 
sterone ChangeC 

mg/100 g mg/100 g ng/mL (g) 

C Mm_ 361.9+ 9.7 23.0%.1 209.3t34.9 18.821.0 

lk64.2 * * 
P * ;46.6+18.3 15.8+1.3 62.0f 8.4 l2.6*3.0 

L-28.8 

i-83.1 
InP 

L64.3 
;11.2+ 9.8 23.8kl.3 166.0f16.5 -;3.0&2.8 

i-74.6 
Indo 

c39.1 
;97.9+31.8 T9.9kO.9 ;21.5+46.5 11.8k.7 

c-74.6 * * 
P-AC 

k-73.0 
99.5511.3 23.5&0.3 g&5+17.9 -4*6.4+2.8 

aAbbreviations and doses: C=Control; t"cPrednisolone (2.5 mg/right 
pellet: 6.9 uM), InP=Indopred (4.97 mglfright pellet: 6.9 uM), 
IndwIndcxnethacin (2.47 mg/right pellet; 6.9 I.tM), P-Ac=Predniso- 
lone-21-acetate (2.8 mgfright pellet; 6.9 @%I. 

bPe rcent inhibition of granulema formation: R=Right (treated) 
pellet; L=Left (untreated) pe+llet. 
%alues are expressed as mean - SEM for 5 animals: significantly 
different from control (p<O.OS)*. 
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It is obviousthatboththelocaland systemic 

anti-inflammatory activity of Indopred are greater 

than P. Furthermore, the systemic anti-inflammatory 

activity of Indopred is essentially a sum of that 

displayed by P and indomethacin, suggesting an addi- 

tive effect of the two anti-inflammatory agents. 

Unlike P, Indopred had no impact on relative adrenal 

weights and caused less reduction in plasma cortico- 

sterone levels. However, Indopred inhibited normal 

weight gain and displayed greater thymolytic effects 

than P. When compared to P-AC, it is clear that 

Indopred displayed superior local anti-inflammatory 

activity, with slightly less systemic anti-inflamma- 

tory activity, and fewer untoward effects. The local 

and systemic anti-inflammatory activity of indometha- 

tin essentially mirrored that of P. 

Effects of orally administered test compounds in the 
cotton pellet granuloma bioassay 

The systemic effects of Ibupred, Indopred, P, indo- 

methacin, and ibuprofen, following oral administration 

of equimolar doses (6.9 uM/kg/day), for 7 days, are 

depicted in Table 3. The results suggest that, in 

this assay, the conjugates are equipotent with P, but 

generally have less impact on relative thymus weights, 

and decreases in body weights. 
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Table 3. EFFECTS OF SYSTEMICALLY ADMINISTERED CONJU- 
GATES, P, INDOMETHACIN AND IBUPROFEN, IN 
THE COTTON PELLET GRANULOMA BIOASSAY 

Druga % Inhi- 
bitionb 

Relative Relative Body 
Thymus Adrenal 
WeightsC WeightsC 

Weight 
ChangeC 

mg/lOO g w/100 57 (g) 

C ___ 221.6+ 8.5 19.9il.l 47.6t7.5 

P z5.9 
* 
141.7f 7.9 17.720.8 

* 
o.of1.9 

IbP 2*3.1 ;64.1+13.4 17.8kO.8 t0.8f2.9 

InP ;1.1 202.9+13.3 23.522.1 
* 
6.6k1.5 

Ibu 11.3 :15.7+ 9.9 19.220.4 ;1.4+1.8 

Indo 12.1 3*19.6+ 8.3 17.Oi1.6 45.4k.7 

aFor abbreviations and doses: see Tables 1 and 2. 
bAveraged percent granuloma inhibition (left and right 
pellet); significantly different from control 
(p<o.os)*. 

'Values are expressed as mean k SEM for 6 animals: 
significantly different from control (p<O.OS)*. 

Anti-inflammatory activity of the steroids in the 
acute croton oil ear edema assay 

The local and systemic anti-inflammatory activities of 

the conjugates, P, and P-AC, at different dose levels 

intheacutecrotonoilearedema assayaredepicted 

in Table 4. The conjugates displayed superior topical 

activity to both P and P-AC. Even at the highest dose 

tested (0.729 urn/right ear), Ibupred did not display 

significant systemic anti-inflammatory activity, 

STEROIDS 54/4 October 1989 



McLean and Lee: GLUCOCORTICOID AND NSAID CONJUGATES 

Table 4. ACUTE CROTON OIL INDUCED EAR EDEMA ASSAY 

433 

Druga Dose Mean Increasg % KnhibitionC 
nmlright in Thickness 
ear Right Left Right Left 

c em.. 

P 0.069 
0.693 
1.109 

IbP 0.009 
0.045 
0.182 
0.455 
0.729 

InP 0.035 
0.357 
0.571 

P-AC 0.012 
0.062 
0.248 

8.2f2.0 

6.Ofl.7 
2.8+1.1 
1.0fO.6 

4.6f1.2 
4.2*0.4 
3.3fO.7 
1.2f0.9 
1.221.5 

5.8t1.3 
1.421.6 

-0.4f0.8 

6.1k1.7 
6.121.3 
5.4*1.2 

8.4kl.O 

10.8+-0.8 
7.4f2.5 
4.6+-1.4 

26.8 -28.6 
65.9X 11.9 
87.8* X45.2 

7.4fl.O 
9.8kl.l 
6.5+0.9 
8.851.7 
9.8k2.2 

43.9" 11.4 
48.8* -16.7 
59.6X 22.7 
85.4* -4.8 
85.4* -16.7 

9*of-1.0 29.3 -7.1 
9.052.0 82.9* -7.1 
3.ok1.5 104*9* *64.3 

7.9f2.0 25.4 5.5 
7.4k2.1 25.4 11.4 
6*1+1.2 34.2 27.3 

aFor abbreviations: see Tables 1 and 2. 
bMean increase in thickness (mmx1UB2) of rightand 
left ears, plus or minus SEM for 5 animals. 

CSignificantfy different from control: (p<O.O5f*. 

determined by reduction in swelling of the untreated 

contralateral ears. 

It is postulated 

inflammatory activity 

rate of absorption of 

circulation, from the 

that the lack of systemic anti- 

of Ibupred may be due to a slow 

the conjugate into the systemic 

site of administration. Ibupred 
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was estimated to be 7 times more potent topically than 

P, and Indopred roughly 3 times as active, based on 

their ID5O values (I_IM), which are shown in Table 5, 

along with the corresponding partition coefficients 

and relative topical potencies. 

Table 5. ESTIMATED IDsO VALUES, PARTITION COEFFI- 
CIENTS, AND RELATIVE TOPICAL POTENCIES OF 
THE STEROIDS 

_ 

Druga ID 
(m5sP 

ID 
Cl.% 

Relative Partition 
Potencyb Coefficient 
(P=l) 

P 0.17 0.47 1 23.4 

IbP 0.04 0.07 6.7 30.0 

InP 0.11 0.16 2.9 52.5 

P-AC 0.21 0.52 0.9 38.6 

aFor abbreviations: see Tables 1 and 2. 
bPrednisolone was arbitrarily assigned a value of 1. 

Local and systemic effects of the steroids in the sub- 
acute croton oil ear edema assay 

Topical anti-inflammatory activities of P, P-AC, and 

the conjugates, following multiple applications of 

equiactive doses, in the subacute ear edema assay are 

shown in Table 6. The untoward systemic effects of 

these compounds are summarized in Table 7. 

STEROIDS 54/4 October 1989 



McLean and Lee: CLUCOCORTICOID AND NSAID CONJUGATES 435 

Table 6. ANTI-INFLAMMATORY EFFECTS OF THE STEROIDS IN 
THE SUBACUTE CROTON OIL EAR EDEMA ASSAY 

Druga Dose b Mean Increase 
@l/right in Thickness' 

% Inhibit&on 
of Edema 

ear Right Left Right Left 

C -_- 11.83h.7 14.83t1.9 -- -- 

P 0.47 4.70%. 1 5.33kl.l 6i.6 64*.0 

IbP 0.07 1.83+0.7 14.00+1.6 8i.5 5.6 

InP 0.16 5.7oko.9 8.OOk1.8 5Z.l 4t.1 

P-AC 0.52 8.5Oi1.3 11.33t1.1 28.2 23.6 

aFor abbreviations: see Tables 1 and 2. 
bEstimated ID values; 
'Each value iz'the mean (mm x lo- 

applied o?ce+daily, for 7 days. 

d. 
) - SEM for 6 animals. 

Significantly different from control: (p<O.O5)*. 

The results clearly indicate that these conju- 

gates are potent topical anti-inflammatory agents, 

with reduced penchant for eliciting adverse systemic 

effects, when compared to P and P-AC. 

The idea of coupling a steroidal anti-inflamma- 

tory agent to a NSAID is not entirely a novel one. 

Laurent and co-workers (10) reported the synthesis and 

anti-inflammatory activity of several conjugates of 

hydrocortisone and NSAIDs, including those with ibu- 

profen and indomethacin. When compared to hydrocorti- 

sone acetate, these conjugates exhibited inferior 
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Table 7. SYSTEMIC EFFECTS OF THE STEROIDS IN THE 
SUBACUTE CROTON OIL EAR EDEMA ASSAY 

D%la Dose Relative Relative Plasma Body 
uM/right Tnymus 

Weightsb 
Adrenal 
Weightsb 

Cortioo- Weight 
ear b sterone Changeb 

mg/lOO g mg/lOO g ng/mL is) 

C --_ 345.4+ 8.9 23.3*0.4 224.0f48.5 28.8k3.5 

P 0.47 2*55.2*21.1 1*9.&.0 176.2*21.6 *21.3%..6 

IbP 0.07 341.&10.1 21.3k1.2 211.4224.1 30.0f0.6 

InP 0.16 327.6*11.2 22.4f1.6 221.0f12.9 38.2k6.5 

;24.5+12.4 T8.2f0.9 1;3.6& 8.0 
* 

P-AC 0.52 18.3kl.7 

aFor abbreviations and doses: see Tables 1 and 2. 
%ach value is the mean 2 SEM for 6 animals: significantly differ- 
ent from control fp<0.05)*. 

anti-inflammatory potency. The results obtained in 

the present study axiomatically establish that in the 

cotton pellet granuloma bioassay, these conjugates 

exhibited greater anti-inflammatory activity than P. 

They were also clearly more potent topically than both 

P and P-AC. 

Not only are the conjugates more potent topi- 

cally, butwhentheywerecomparedto P and P-Acin 

the subacute croton oil ear edema assay, there were no 

discernible adverse systemic effects of the conju- 

gates, whereas both P and P-AC clearly elicited 
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significant untoward systemic effects. The increased 

topical activity of the conjugates cannot be ascribed 

to a simple increase in lipophilicity, judging from 

the partition coefficient data. For instance, both 

Indopred and P-AC are more lipophilic than Ibupred, 

but clearly less potent. The reason for this is not 

immediately obvious, but it may be related to the rate 

at which these compounds traverse the cell membrane, 

and their affinities for the glucocorticoid receptor 

(111. Further studies on these conjugates are neces- 

sary to ascertain whether or not they are indeed 

superior to admixtures of steroidal and NSAIDs. Sev- 

eral studies are presently being designed to evaluate 

their binding affinity for the glucocorticoid recep- 

tor, rates of hydrolysis, and to obtain more detailed 

information on their systemic effects, when they are 

applied locally and topically. 

Although few unequivocal conclusions can be drawn 

from these findings, it can be inferred that conjuga- 

tion of prednisolone to indomethacin and ibuprofen 

produced compounds with enhanced local and topical 

anti-inflammatory activity, but which exhibit no 

discernible untoward systemic effect when applied 

topically. 
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