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Edema and cell infiltration in the phorbol ester-treated mouse ear 
are temporally separate and can be differentially modulated 
by pharmacologic agents 
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Abstract 

The temporal patterns of edema and accumulation of the PMN marker enzyme, myeloperoxidase 
(MPO), were examined following application of tetradecanoylphorbol acetate (TPA) to mouse ears. 
After application of 2.5 ~tg TPA, edema peaked at 6 hr, while MPO activity peaked at 24 hr. Pharmaco- 
logical agents with defined mechanisms of action, delivered orally or topically, were assessed for effects 
on these responses. For oral administration, compounds were delivered 1 hr before and 6 hr after TPA 
and for topical administration compounds were delivered at 15 min and 6 hr after TPA. Topical and oral 
corticosteroids inhibited both edema and MPO accumulation. Cyclooxygenase and lipoxygenase inhibi- 
tors were very effective against MPO accumulation but were either inactive or moderately active vs 
edema. Anti-histamine/anti-serotonin agents had little effect on edema, but could inhibit or exacerbate 
MPO accumulation depending on dose and route of administration. Topically applied histamine itself 
did not effect TPA-induced edema, but markedly suppressed MPO accumulation. Acetone, the vehicle, 
when topically applied between 0.5 and 2 hr after TPA inhibited MPO accumulation by 60 80%, but 
had little effect on edema. Acetone applied before 0.5 hr or after 2 hr had no effect on either parameter. 
These results indicate that in the TPA-induced ear inflammation model the MPO response at 24 hr may 
be a useful additional indicator of drug activity. 

Introduction 

Tetradecanoyl phorbol acetate (TPA)-induced 
mouse ear inflammation has been used to study 
both the mechanism and inhibition of inflamma- 
tion [1, 2]. In these studies, measurement of edema 
was the primary endpoint, although cell infiltra- 
tion may be a more relevant indicator of tissue 
destruction. In other models of dermal inflamma- 
tion, myeloperoxidase (MPO), a PMN marker en- 
zyme, has been used to provide a quantitative mea- 
sure of PMN infiltration in inflamed skin [3- 5]. In 
the present study, we have used the MPO tech- 
nique to help define the cellular response to TPA 

and to compare this cellular response to the kinet- 
ics of edema. In addition, we have examined the 
possibility that pharmacologic agents may have 
differential effects on these responses to TPA. 

Materials  and methods  

Tested drugs and their sources were as follows: 
Dexamethasone, cimetidine, indomethacin, ibu- 
profen, histamine, cyproheptadine HCL, chlor- 
pheniramine maleate (Sigma); clobetasol propio- 
nate (Glaxo); fluocinolone acetonide, lonapalene, 
ketorolac, and naproxen (Syntex); dapsone, leva- 
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misole, and diphenyldisulfide (Aldrich); auranofin 
(SKF); BW755C HCL (Wellcome); Na zomepirac 
(McNeil). 

TPA treatment 

Female Sim: (SW)fBR mice, 7 - 8  weeks old, were 
randomly assigned to groups of 6. The right ear of 
each mouse received 2.5 lag TPA (CCR Inc.) in 
20 lal acetone (10 lal to each side of the ear). Con- 
trol animals received acetone only. 

Edema measurements 

To study the inflammatory effects of TPA, 6 mm 
diameter tissue plugs were taken from the right 
ears of CO2-euthanized mice at the specificed 
times and weighed. For determining inhibition of 
edema by drugs, ear thickness was measured with 
a dial thickness gauge at 6 hr post TPA so that the 
6 hr edema and 24 hr MPO measurements could be 
determined in the same group of animals. In pilot 
studies ear thickness and wet weight of tissue plugs 
gave comparable results. 

Microscopy 

For histological evaluation, formalin-fixed tissue 
was embedded in paraffin, sectioned and then 
stained with the May-Grunwald Giemsa method. 
For the histochemical study of MPO positive cells, 
fresh tissue was frozen in O.C.T. compound (Miles 
Laboratories), sectioned and stained using Sigma 
Diagnostic kit # 391 A. 

Myeloperoxidase assay 

The technique of Suzuki et al. [6] was modifed to 
utilize a microtiter plate reader. A 6 mm ear tissue 
punch was placed in 0.75 ml of 80 m M  sodium 
phosphate buffer, pH 5.4, containing 0.5% hexa- 
decyltrimethylammonium bromide (HTAB) (Sig- 
ma). The sample was then quick frozen on Dry Ice 
and stored at - 2 0 ~  until assayed. For assay, 
samples were thawed at room temperature and 
homogenized for 45 sec at 0~ in a motor driven 
glass/glass homogenizer. Homogenate was de- 
canted into a microfuge tube, and the vessel was 
washed with a second 0.75 ml aliquot of HTAB in 
buffer. The wash was added to the tube and the 
1.5 ml sample was centrifuged at 12000 x g at 4~ 

for 15 min. Triplicate 30 lal samples of the resulting 
supernatant were added to 96 well microtiter 
plates. For assay, 200 gl of a mixture containing 
100 lal phosphate buffered saline, 85 lal 0.22 M so- 
dium phosphate buffer, pH 5.4, and 15 lat of 
0.017% hydrogen peroxide were added to the wells. 
The reaction was begun by the addition of 20 gl of 
18.4 m M  tetramethylbenzidine HC1 (Sigma) in 8% 
aqueous dimethylformamide. Plates were incu- 
bated at 37 ~ for 3 min and then placed on ice 
where the reaction was stopped by addition to each 
well of 30 lal of 1.46 M sodium acetate, pH 3.0. 
Enzyme activity was determined colorimetrically 
using a Dynatech plate reader set to measure ab- 
sorbance at 630 nm. Activity is expressed as units 
of OD/min/ml enzyme supernatant. 

Drug testing 

For oral administration, drugs were suspended in 
a vehicle containing 0.9% NaC1, 0.5% Na car- 
boxymethylcellulose, 0.4% polysorbate 80, 0.9% 
benzylalcohol and 97.3% H 2 0  (CMC). Volumes 
of 0.01 ml/g body weight were administered by 
gavage at 1 hr before and 6 hr after TPA applica- 
tion. Control animals were given CMC vehicle 
only and topically treated with either TPA (stimu- 
lated control) or acetone (baseline control). 
For topical application, drugs were dissolved in 
acetone and applied to the right ear in a volume of 
20 gl (10 gl to each surface) 15 minutes and 6 hr 
after TPA application. Control animals received 
either TPA once and acetone twice (stimulated 
control) or acetone three times (baseline control). 
For both topical and oral drug testing, edema was 
determined at 6 hr by measuring ear thickness just 
prior to the second administration of drug. Thus, 
only the first dose of drug could effect edema. The 
second (6 hr) drug treatment was included to opti- 
mize the opportunity for a test compound to act on 
the later (24) hr peak of MPO activity. The percent 
change for both edema and MPO accumulation 
was calculated as follows: [(TPA and drug treated 

- baseline control/stimulated control - baseline 
control -1] • 100. 

Statisttcs 

Data were analyzed using a one-way analysis of 
the variance followed by a Newman-Keuls mul- 
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tiple range test. The p-values given in tables and 
figures refer to the differences in original unit 
mean value. These values and their standard devia- 
tions were normalized to percent control for pre- 
sentation. TPA-challenged animals receiving ve- 
hicle only represent 100% stimulation, and the ac- 
etone challenged animals represent 0% stimu- 
lation. 

Results 

Edema and MPO accumulation after TPA 

Following topical application of TPA the increases 
in edema and MPO had distinctly different kinetics 
(Fig. 1). Edema peaked at 6 hr and then rapidly 
waned. In contrast, MPO activity peaked at 24 hr 
and then slowly decreased. 

Acetone vehicle effect 

Previous studies have demonstrated that acetone 
inhibits mouse ear edema when applied at certain 
times after TPA [1]. Since we wished to use acetone 
as topical vehicle, we undertook studies to confirm 
this phenomenon. As seen in Figure 2, acetone 
exerted a mild (20%) inhibition of edema applied 
at either 30 min or 1 hr after TPA, while treatment 
at other times had no effect. However, acetone 
inhibited the 24 hr peak of MPO activity from 
60 -80%, when applied at 0.5, 1 or 2 hr after TPA. 
Therefore, to avoid these effects of the vehicle ace- 
tone, topical drugs were delivered at 15 min and 
6 hr after TPA. 

Pharmacological Modulation of  TPA-induced 
edema and MPO accumulation 

The marked temporal separation of the maximum 
edema and MPO responses suggested that they 
may be differentially modulated by pharmacologic 
agents. Tables 1 and 2 show the effects of oral and 
topical drugs respectively on TPA-induced mouse 
ear inflammation. The cyclooxygenase inhibitors, 
indomethacin, ketorolac, naproxen, and zomepi- 
rac administered orally were effective inhibitors of 
MPO accumulation but poor inhibitors of edema 
(Table 1). Oral ibuprofen supressed MPO activity 
without any effect on edema. When topically ap- 
plied, ibuprofen, indomethacin, naproxen, and 

Table 1 
The effect o f  oral ly delivered drugs  on edema and  myeloperoxi-  
dase activity in the TPA-treated mouse ear, 

Drug  Dose Percent  change  1 
mg/kg  

Edema 2 M P O  3 

Antiinflammatories and 
Antirheumatics 

Aspirin 
Auranof in  

Dexamethasone  

Levamisole 

lbuprofen  

Indomethac in  

Ketoro lac  

Naproxen  

Phenidone 

Sulfasatazine 

Zomepi rac  

Mediator Antagonists 
Chlorpheni ramine  

Cimetidine 

Cyprohep tad ine  

Promethazine  

200 - 3 - 11 
10 - 2 4 *  - 4 0 * *  

0.10 - 3 1 " *  - 4 0 * *  
0.50 57** - 9 6  ** 

100 0 --11 

100 0 - 6 1  ** 
200 1 - -69  ** 

1 - -  7 - - 3 3 *  

5 - -10  - -34**  
10 - - 1 5 "  - -66**  

1 - 5 - 1 2  

5 10 - - 2 2 *  
10 --21 * 55 ** 

1 - -  6 4 

5 - -10  - -35**  
10 - 1 5 "  - -45**  

100 - 1 8  - - 4 6 * *  

200 13 0 

50 - 3 0 *  - 8 3 * *  

1 - 2 14  * 

5 8 41 ** 
50 13 78** 

0.5 - 11 8 
5 - 1 0  18 

50 - 2 102"*  

5 - 2 - 1 2  
25 2 0 
50 5 - 5 7  ** 

5 - 1 7  - 4 8 * *  
50 0 - -36**  

J Negative and  positive values indicate inhibit ion and  st imu- 
lation, respectively. 
2 Average value o f  st imulated and  baseline cont ro ls  for  all exper- 
iments = 0 . 4 6  m m  and  0.21 mm,  respectively. 
3 Average value o f  st imulated and  baseline cont ro l  for  all exper- 
iments =47 .52  OD/min /ml  and  0.53 OD/min /ml ,  respectively. 
* p < 0 . 0 5 .  **  p < 0 . 0 1 .  

ketorolac also preferentially inhibited MPO accu- 
mulation (Table 2). 
Topical application of the anti-psoriatic drugs, an- 
thralin and lonapalene also resulted in a dramatic 
suppression of MPO activity. Anthralin at 
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Figure 2, 
The effect of  acetone t reatment  on  TPA-induced mouse  ear  edema a n d  M P O  accumulat ion.  Acetone  was applied at  the times indicated 
af ter  TPA. Ear  thickness and  M P O  activity were determined at  6 a n d  24 hr respectively af ter  TPA. Contro l  (100%) mean + SD values 
for ear  thickness and  M P O  respectively were 0 . 4 6 •  1.9 m m  a n d  32 .26 •  7.18 OD/min /ml  ( n = 6  right ears). * p < 0 . 0 5  vs control ,  
�9 * p < 0 . 0 1  vs control .  
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Table 2 
The effect of topically delivered drugs on edema and myeloper- 
oxidase activity in the TPA-treated mouse ear. (n = 1-3 experi- 
ments). 

Drug Dose Percent change 1 
rag/ear 

Edema 2 MPO 3 

Antiinflammatories 
Ibuprofen 0.1 29 ** 13 

1.0 --44** -- 85** 

Indomethacin 0.1 --19" -- 77** 
1.0 --48** --100"* 

Ketorolac 0.i 6 - 55 ** 
1.0 --46** --100"* 

Naproxen 0.1 - 6 - 87** 
1.0 --38** -- 93** 

Phenidone 0.1 -34** - 98** 
1.0 -54** -100"* 

Mediator Antagonists 
Chlorpheniramine 0.1 -16  - 60** 

1.0 -24* - 63** 

Cimetidine 0.1 - 2 - 60** 
1 .0  - 3 - 8 4 * *  

Miscellaneous 
Histamine 4 0.2 - 6 --" 34** 

2.0 0 - 76** 

Anthralin 0.1 - 11 - -  68 ** 

Lonapalene 0.1 -- 2 -- 30** 
0.5 -13 - 67** 
1.0 31"* - 92** 
2.0 -34** - 95** 

1 Negative and positive values indicate inhibition and stimula- 
tion, respectively. 
2 Average value of stimulated and baseline controls for all exper- 
iments = 0.45 mm and 0.21 ram, respectively. 
3 Average value of stimulated and baseline control for all exper- 
iments = 33.12 OD/min/ml and 1.02 OD/rnin/ml, respectively. 
4 Delivered in 100% ETOH. 
* p < 0 . 0 5 .  ** p < 0 . 0 1 ,  

0.1 mg /ea r  did no t  inhibi t  edema  and was no t  
tested at h igher  doses due to its k n o w n  pro-  
i n f l ammato ry  act ivi ty  [2]. Lonapa lene ,  a specific 
5-LO inhib i tor  [7] inhibi ted  M P O  act ivi ty  at m u c h  
lower  doses than  those  requi red  for  significant  in- 
h ib i t ion  o f  edema  (Table 2). 
A t  all doses tested, oral  ch lo rphen i ramine ,  c ime-  
t idine,  cyp rohep tad ine  and p rome thaz ine  were  
inact ive against  edema.  However ,  at a dose  o f  
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5 m g / k g  ch lorpheni ramine  inhibited M P O  by 40%,  
while at a dose  o f  50 m g / k g  M P O  act iv i ty  was 
increased 78 %.  S imi la r ly ,  c imet id ine  d id  no t  cause 
s ignif icant  changes  at doses  be low 5 m g / k g  bu t  at  
50 m g / k g  it doub led  T P A - i n d u c e d  M P O  act ivi ty  
(Table 1). 
W h e n  topical ly  tested, only  ch lo rphen i r amine  ex- 
hibi ted a weak  inhib i t ion  o f  edema,  a l t hough  bo th  
ch lo rphen i r amine  and c imet id ine  s ignif icant ly sup- 
pressed M P O  act ivi ty  (Table 2). Topica l ly  appl ied  
h i s tamine  was i tself  an inh ib i to r  o f  M P O  act iv i ty  
(Table 2). 
Since topical  cor t icos te ro ids  are  the only  com-  
p o u n d s  with  well  es tabl ished de rmal  anti-  
i n f l a m m a t o r y  potencies ,  we tested a m e d i u m  
(dexamethasone) ,  h igh ( f luoc ino lone  acetonide) ,  
and  super  (c lobetasol  p rop iona te )  po tency  s teroid 
in our  system. These  c o m p o u n d s  exhib i ted  the ex- 
pected  rank  order  for  b o t h  edema  and  M P O  inhi-  
b i t ion (Fig. 3). 
All  act ive drugs  were  tested at 10 - 4  M for  direct  
effects on M P O  in superna tan t s  ob ta ined  f r o m  
TPA-on ly  t reated ears. Drugs  were  added  in di- 
m e t h y l f o r m a m i d e  direct ly  to the assay mix.  The  
concen t r a t i on  o f  d rug  was ca lcula ted  to be m u c h  
grea ter  than  that  which cou ld  possibly be carr ied  
over  in to  the assay af ter  in vivo oral  o r  topical  
t rea tment .  U n d e r  these condi t ions ,  auranof in ,  
zomep i r ac  and i ndome thac in  inhibi ted M P O  ac- 
t ivity by 3 0 - 4 0 % ,  while all o ther  drugs  wi th  the 
except ion  o f  an thra l in  and phen idone  inhibi ted by 
0 - 2 0 % .  Both  an thra l in  and  p h e n i d o n e  gave 100% 
inhibi t ion  o f  the M P O  react ion.  N o  tested d rug  
exhibi ted a s ignif icant  direct  s t imula t ion  o f  act iv-  
ity. Thus  only  for  an thra l in  and p h e n i d o n e  cou ld  
a direct  inhibi t ion  o f  M P O  plausibly  expla in  the 
results observed  af ter  in vivo t rea tment .  

Light Microscopy 

Biochemica l  de t e rmina t i on  o f  M P O  indica ted  the 
presence  o f  m a n y  m o r e  P M N s  at  24 hr  than  at 6 hr  
af ter  TPA.  This  agreed wi th  ou r  h is to logica l  and  
h is tochemica l  studies which  d e m o n s t r a t e d  m a n y  
m o r e  P M N ' s  and M P O  posi t ive  cells at  24 hr  than  
at 6 hr. Similarly,  in tissue sect ions t aken  f r o m  
TPA- t r ea t ed  ears tha t  were  topica l ly  t rea ted  wi th  
1.0 m g  i n d o m e t h a c i n  15 min  and  6 hr  af ter  T P A  (a 
reg imen that  inhibi ted  M P O  act iv i ty  b y > 9 0 % ) ,  
the increase in M P O  pos i t ive  cells observed  at  
24 hr  was v i r tua l ly  abol i shed  and  the n u m b e r  o f  
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Figure 3 
The relative inhibitory effects of topical steroids against TPA- 
induced edema (ear thickness) (A) and MPO accumulation (B). 
(e) clobetasol propionate, (i)fluocinolone acetonide, (A)dexa- 
methasone. EDso=dose that effects a 50% inhibition�9 

PMNs appeared markedly diminished. However, 
there did not appear to be a concomitant decrease 
in the number of infiltrating mononuclear cells 
(Results not shown). 

Discussion 

Extending the TPA-induced mouse ear inflamma- 
tion model to include MPO as well as edema mea- 

surements as an endpoint led to several new obser- 
vations. Foremost, is the marked separation of 
responses with edema peaking at 6 hr and MPO 
activity peaking at 24 hr. A similar, but less dra- 
matic separation of edema and MPO activity has 
been reported to occur during reverse passive Ar- 
thus reactions in rat skin [4, 8]. 
Our results clearly show that the inability of a drug 
to inhibit edema may not predict a lack of effect on 
cell infiltration. Indeed, we found that many active 
compounds were more effective against MPO ac- 
cumulation than against edema. Thus, cycloxyge- 
nase and lipoxygenase inhibitors and anti- 
histamine/anti-serotonin agents can profoundly 
alter MPO accumulation while having either no 
effect or a moderate inhibitory effect on edema. 
The ability of cyclooxygenase inhibitors to sup- 
press TPA-induced cell infiltration is consistent 
with other studies, showing that they can inhibit 
the migration of neutrophils into inflammatory 
sites [4, 9, 10]. Interestingly, our histological in- 
vestigations as well as those of Bailey and Sturm 
[4], suggest that cyclooxygenase inhibitors supress 
PMN infiltration without affecting the influx of 
monocytes. In our study, monocytes would not be 
expected to significantly contribute to total MPO 
activity. In ears treated only with TPA, monocytes 
comprised a minor fraction of the total cell 
infiltrate which was predominated by PMN's, 
and in the rat, on a per cell basis, monocytes 
have only about 1% of the MPO activity found in 
PMN's [3]. 
Phorbol esters are known to induce degranulation 
of mast cells [11] and cause histamine accumu- 
lation and vascular leakage in subcutaneous air 
pouches [12]. In the air pouch study [12], histamine 
and serotonin antagonists suppressed edema at 
30 min but not at the peak response 4 hr post 
phorbol treatment. Similarly, in our study these 
antagonists did not inhibit edema at 6 hr, but 
could either inhibit or stimulate TPA-induced 
MPO accumulation depending on the dose used 
and route of administration. Thus, at low doses, 
cimetidine was inactive orally but at the high dose 
exacerbated TPA-stimulated MPO. In contrast, 
topically applied cimetidine was a potent inhibitor 
of MPO accumulation. 
Oral chlorpheniramine exhibited a bi-modal re- 
sponse with low doses inhibiting and high doses 
stimulating MPO accumulation. However, when 
applied topically, chlorpheniramine, like cime- 
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tidine, was a potent inhibitor of MPO accumu- 
lation. Perhaps the explanation for these seemingly 
contradictory results, involves the effects of hista- 
mine itself. We found that topically applied hista- 
mine had no effect on edema while significantly 
suppressing MPO accumulation. Antihistamines 
can exhibit either antagonist or agonist effects de- 
pending on dose [13], and are thus theoretically 
capable of either potentiating or suppressing the 
ability of endogenous histamine to inhibit myelo- 
peroxidase accumulation. 
It is noteworthy that of all the compounds tested 
only corticosteroids were potent inhibitors of both 
edema and MPO accumulation. Furthermore, 
topical steroids showed relative potencies in close 
agreement with their well established experimental 
and clinical rank order. 
Carlson et al. [1] reported that acetone applied 
15 min after TPA caused a 10-30% reduction in 
ear thickness at 4 hr post TPA. We measured ear 
thickness at 6 hr post TPA and found no signifi- 
cant effect on edema when acetone was delivered 
at 15 min and only a 20% suppression when deliv- 
ered at 0.5 or 1.0 hr. However, acetone applied at 
0.5 to 2 hr after TPA elicited a dramatic 60-80% 
inhibition of MPO accumulation measured at 24 
hr. Acetone applied at 15 rain after TPA exerted 
an insignificant inhibition of MPO, suggesting 
the possibility that an acetone-labile mediator is 
present from 30 min to 2 hr after TPA. 
Besides the latter unusual acetone effects, we feel 
our most significant finding is that monitoring 
drug effects on MPO accumulation identifies anti- 
inflammatory compounds which ordinarily would 
be considered inactive or mildly active based on 
their activity against TPA-induced edema. Clearly, 
with the addition of MPO as an endpoint more 
compounds are positive in the TPA mouse ear test. 
For any novel compound showing activity against 
MPO accumulation, the potential therapeutic sig- 
nificance must be further assessed in disease specif- 
ic models or clinical tests. 
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