
of I were identified as rat liver S9 in oitro metabolites, and this current paper 
reports the identification of a dozen metabolites of I i n  which hydroxylation 
occurred at C(4)- C(7a) of the cyclohexane ring. The intact animal produces 
not only a greater total number of and several more-extensively hydroxylated 
metabolites. but also effects an entirely different and quantitatively significant 
metabolic Conversion, i .e.,  degradation of the nitroimida7ole ring. The most 
common metabolic transformation both in uiuo and in oitro, however. is hy- 
droxylation to form the 5-axial hydroxy metabolite. Axial hydroxyl groups 
at C-5 are also found in  three of the dihydroxy metabolites and both of the 
urinary trihydroxy metabolites. 
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Abstract 0 An N,N-dialkylhydroxylamine derivative of indomethacin has 
been synthesized. I t  has been shown to improve the delivery of indomethacin 
through mouse skin (compared to indomethacin itself) by a factor of two. to 
be more effective than indomethacin in inhibiting thermal inflammation (two 
to three times) in animal models, but to be only as effective as indomethacin 
in inhibiting U V - R  radiation erythema in human volunteers. 

Keyphrases Indomethacin-derivatives, erythcma inhibition in  humans, 
inflammation inhibition in rats, delivery vehicle comparison 0 Erythema- 
inhibition by indomethacin derivatives in humans, inflammation inhibition 
in  rats, delivery vehicle 

I t  is well known that UV radiation on skin produces intense 
erythema, pain, and blistering (1 ) .  However, the proximal 
cause or causes of the response of skin to UV radiation is less 
than well understood. U V  radiation is usually divided into three 
arbitrary regions: UV-A, 320-400 nm; UV-B, 320-290 nm, 
which is also known as sunburn UV radiation; UV-C, 290-200 
nm. Regardless of the wavelength, there is a delay of onset of 
redness that is inversely proportional to the intensity of the 
radiation. Furthermore, the erythcma will persist for hours or 
days depending directly on the intensity of the radiation. The 
intensity of the effect of the U V - B  radiation has been shown 
to be particularly sensitive to treatment with nonsteroidal 
anti-inflammatory agents while UV-C radiation is less sensitive 

(2) and UV-A radiation is insensitive to nonsteroidal anti- 
inflammatory agents (3). For instance, topically administered 
indomethacin has been shown to decrease the redness, as de- 
termined visually, and the temperature, as determined by 
telethermomcter readings, of sunburned or UV-B treated skin 
compared with controls (4). 

Since the nonsteroidal anti-inflammatory agents are known 
to prevent inflammation by inhibiting prostaglandin synthesis, 
i t  was logical to suspect that prostaglandins ( 5 )  were the 
proximal cause of at least some of the effects of UV-B radiation 
because UV-B radiation was susceptible to treatment with 
nonsteroidal anti-inflammatory agents. Indeed, increased 
levels of arachidonic acid and prostaglandins Ez and Fz,, were 
found in human skin after treatment with UV-B (6) and UV-C 
radiation (.7); the lcvcls of prostaglandin E increased in a 
parallel manner with increased erythema over the first 4 h after 
exposureof guinea pig skin to UV-B radiation (8). However, 
after 4 h erythema scores stayed high but prostaglandin levels 
fell back to normal (8) .  Thus, oral or topical administration 
of indomethacin completely suppressed the elevation of the 
levels of the prostaglandins (9) but the erythema associated 
with the radiation damage was only partially suppressed 
compared with controls and then for only -24 h, and the acute 
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U V  damage to epidermal cells was not affected (10). More- 
over, the concentration of indomethacin used was fairly high 
(2.5%) and the vehicle used in all treatments contained a 
penetration enhancer (ethanol-propylene glycol-dimethyl- 
acetamide or dimethylformamide, 19: 19:2 or I : 1 :2). 

Thus, although in general the treatment (oral) of sunburn 
with nonsteroidal anti-inflammatory agents appears promising 
from the point of view of increasing the minimal dose of light 
necessary to produce erythema ( 1  I ) ,  the lack of reports of 
topical activity by indomethacin without the use of penetration 
enhancers and its lack of effect on the long term effects of 
sunburn make it an unsatisfactory therapeutic agent at least 
from a topical delivery point of view. Therefore, in order to 
determine if increased delivery of indomethacin through skin 
would improve its therapeutic effectiveness, a number of 
prodrug derivatives have been prepared and evaluated ( 1  2). 
This paper describes the preparation and evaluation of an 
N,N-dialkylhydroxylamine derivative of indomethacin as one 
example of the prodrugs of anti-inflammatory carboxylic acids 
(1 3) designed to improve therapeutic effectiveness by in- 
creasing their delivery through skin. 

l a . R = O H  
lb. R - CI 
k. R = W C ? n h  

EXPERIMENTAL SECTION' 

Preparation of I~4'-Chlorobenzoyl~S-methoxy-2-methyl-lindolylacetyl 
Chloride (1b)-To a suspension of indomethacin (21.9 g, 0.061 mol).in 300 
mL of benzene, 10.8 g (0.085 mol) of oxalyl chloride was added with stirring. 
The reaction was heated at reflux for 2 h. Then the solution was concentrated 
to give a residue which was triturated with 300 mL of ether. The suspension 
was filtered and the solid material dried to give the acid chloride as a yellow 
powder ( I  8.9 g, 82% yield), mp 125- 128°C. IR (KBr): 1790 and 1675 cm-I 

Art{), 7.0-6.55 (m, 3, ArH), 4.17 (s, 2, CHzCOCI), 3.83 (s, 3,OCH3), and 
2.41 ppm (s, 3.CH3 -C=C). 

Anal. Calc. for C I ~ H I S C I ~ N O ~ :  C, 60.65; H, 4.02; N ,  3.72. Found: C, 
60.59; H .  4.08; N, 3.50. 

Preparation of N-]1-(4'-Chlorobenzoyl)-~-methoxy-2-methyl-3-indolyL 
acetyloxybN,,Vdiethylamine (1c)-To a suspension of Ib (1 8.9 g, 0.048 mot) 
in 500 mL of ether was added N,N-dicthylhydroxylamine (8.88 g, 0. I mol). 
The mixture was stirred for I h at room temperature and then was filtered. 
The filtrate was concentrated to give solid material which was extracted with 
200 mL of dichloromethane. The organic phase was washed successively with 
100 mL of 0.5 M NaOH and 100 mL of water. The organic layer was sepa- 
rated, dried over NazSOo. and concentrated to a viscous mass which was 
triturated with 100 m L  of ether. The crystals were rcmoved by filtration and 
then recrystallized from dichloromcthane -cther to give 14.4 g (70% yield) 
of the desired product as transparent yellow prisms, mp 100-101 OC. IR (KBr): 
1747 cm-' (s, 0-C=O) and 1650cm-I (s, N- -C=O); 'H-NMR (CDCI3): 
6 7.8-7.3 (m, 4, ArH), 7.0-6.6 (m, 3, ArH), 3.83 (s. 3, OCHj), 3.67 (s, 2, 

( s ,  C=O);' H-NMR (CDCI3): 6 7.60 (ABq, 4, J = 9 Hz, A , A ~  = I 1  Hz, 

I T L C  was run on Brinkman Polygram Sil G/UV 254. Melting points (uncorrected) 
were taken with a Thomas-Hoover capillar) apparatus. N M R  spectra were recorded 
on a Varian T-60 spectrometer. IR spectra were obtained on a Beckman Acculab 4 in- 
frared spectrophotometer. Microanalyses were obtained from Midwest Microlab. Ltd.. 
Indianapolis, Ind. The indomethacin was obtained from Sigma. The N-hydroxydiethyl- 
amine and the remaining reagents were obtained from Aldrich except for isopropyl 
myristate which was obtained from Eastman Kcdak. The bulk solvents wcre obtained 
from Mallinckrodt. The mice used in the diffusion cell experiments werc ICR white Swiss 
mice (22-25 g) from Spraguc Dawley and the diffusion cells were obtained from Kersco 
Engineering Consultants. Palo .Alto, Calif. The I lPLC system was a Waters Associates 
instrument using a p-Bondapak CIS column. The sunlamp used was a Westinghouse 
FS-20. 

Table I-Ear Burn Test: Effect of Indomethacin and I t s  Ikrivative on 
Inhibition of Inflammation 

Compound 
Increase in Inhibition 

Ear Weight, ?h of Edema n 

10 Is0 ropy1 myristate (control) 

Ic (0.03 M) 12.0 f 1.6 50.2 10 
18 Propylene glycol (control) 36.1 f 1.8 - 

lndomethacin 
0.03 Mb 30.9 f 2.3 21.6 21 

- 24.1 f 2.0 
lnaomethacrn (0.03 M) 18.6 f 2.0 22.8 10 

0.01 M 
0.003 M 

31.9 I 4 . 3  
34.7 f 3.6 

-. . -. 
11.6 5 
3.9 16 

Ic 
0.03 Mb 28.3 f 2.5 28.2 20 
0.01 M 24.9 f 4.0 31.0 5 
0.003 M 30.5 f 2.5 15.5 16 

Suspension or solutions prepared by a brief (5 min) sonication of solvent-compound 
Compared with a control experiment where there was 39.4 f mixture. Results f SE. 

2.6% increase in ear weight. 

Table 11-Sunburn Tdt: Comparison Between Indomethacin and Ic 

Evaluation of RedncssO 
After 

UV Exposure 0.03 M Ic 0.03 M lndomcthacin Control 

I 0 0 0 
2 0.5 f 0.8 0.8 f 1.0 2.0 f 1.3 
3 0.7 f 0.8 1 . 1  f 0.8 2.6 f 1.2 

3 . 0 f  1 .1  4 1 .1  f 0.5 1.3 f 0.6 
3.5 i 0.8 I .9 f: 0.8 5 1.8 * 0.6 

6 2.0 f 0.6b 2.0 f 0.6b 3.5 f 0.8 

The vehicle was the polyethylene ointment base: given as 50 pL/4  cm2 spot ( n  = 6). 
Score f SD; maximum redness = 4. b p < 0.005 cornpared with control. 

O=CCHz), 2.89 (4. 4 , J  = 7 Hz, NCH2), 2.39 (s. 3,CH3C=C),and 1.06 
ppm ( ~ 6 ,  J = 7 Hz, NCHzCH,). 

And.---Calc. for Cz3Hz&lNz04: C, 64.40; H, 5.88; N, 6.53. Found: C, 
64.39; H, 5.86; N ,  6.29. 

Biological Tests-Rat Ear Burn Test-These results wcre obtained ac- 
cording to the method of Bronaugh et a/. (14) where warm (51.7"C) metal 
cylinders were applied to the right ear of rats to cause the burn. After I min 
the burned ears were treated with 50 pL of a 0.03-0.003 M isopropyl myris- 
tate, propylenc glycol solution, or a suspension of la or Ic. The animals were 
sacrificed after 10 h, circular sections of the ears werc made with a leather 
punch, and the weights of both the right ear and the left ear pieces were de- 
termined immediately. Inflammation was determined as the increase in weight 
of the burned right ears compared with the weight of unburned left ears of 
the same animals. The percent increase in ear weight was calculated as: 
(weight of right ear - weight of left ear)/(weight of lcft ear) X 100. The 
percent increase in burned ear weight of animals receiving vehicle (%C) was 
compared with the percent weight increase in ear weight of animals receiving 
vehicle containing drug (%D) to give a percent inhibition of edema as follows: 
(?K - %D)/%C = percent inhibition of edema. The results for thecomparison 
of indomethacin with the indomethacin hydroxylamine derivative are given 
in Table I .  

Sunburn Test-This procedure is slightly modified from that described 
by Snyder ( I  5). The differences in this procedure were the concentrations ( I .  I 
uersus 2.5% for la), amounts applied (50 w s u s  20 pL), number of applica- 
tions ( I  uersus 4-1 9). period of observation (6 uersus 48 h), and the fact that 
occlusion was used. Briefly. the test areas (4 cm2) on thc backs of human 
volunteers wcre irradiated using a bank of sunlamps. The minimum erythema1 
dose was determined for each subject; subsequcnt test exposures were 2-3 
times this amount. Test formulations of la or Ic (0.03 M. 50 pL) or the vehicle 
alone were applied immediately after exposure and wcrc partially occluded 
for 5 h with 2.54-cm adhesive bandages (9 spots per subject); three applications 
each of la, Ic, and vehicle in a randomized asymmetric array. Erythema1 re- 
sponse was evaluated each hour for 6 h after exposure and graded o n  :I scale 
of 0 - 4  (4 being a response of maximum redness). lndomethacin and Ic in  the 
polycthylene ointment base2 werc each tested on two volunteers with the result 
that no diffcrcnce bctwccn indomethacin and Ic could be sccn (Table 11). 
Similar results wcrc obtained when la and Ic were compared in  pctro- 
latum. 

* Plastibase; 5 g of polyethylene and 75 g of liquid paraffin. 
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Table Ill-Diffusion Cell Test: Comparison Between lndomethacin and Ic * 

Hours after Application From lndomethacin From Ic 
lndomethacin Delivered, pg 

4 
7 

I I  
24 

0.20 f 0. I9 
0.85 f 0.48 
1.33 f 0.73 

0.40 f 0.12 
I .78 f 0.23 
2.87 f 0.32 

4.48 f 1.86 8.81 f 0.66 
~~~ ~~ ~ 

0.03 M in polyethylene ointment base, n = 3; mean f S D  

Table IV-Stability of Ic in Various Solvents 

Solvent 

~ 

Stability (4OOC)O 
Amount in Solvent, Perccnt 

mR/R Remainine. 

lsopropyl m ristate 
Propylene ghcol 
Mineral oil 
lsooctane 
Polyethylene ointment base 
Pet rola t u m 

79.5 
0.0 

98.3 
99.0 
90.4 
99.6 

a After 7 d except for isopropyl myristate which was 5 d. * A solution of Ic. A sus- 
pension of Ic. 

Dijjrtsion Cell Tesr--The plexiglass diffusion cells have been described 
prcviously (16) but essentially consist of a lower and an upper chamber with 
a side arm to allow sampling of the receptor phase (lower chamber). The mice 
wcrc sacrificed by cervical dislocation. Their hair was carefully clipped and 
the dorsal skin remowd and stretched over the receptor chamber using a 
rubbcr gasket to secure it. The receptor phase (40 ml-) contained 0.9% NaCl 
and 0.01% thimerosa). The test formulations (0.25 mL, 0.03 M )  were applied 
to the skin, then the entirccell was incubated at 32OC. Two-mL samples were 
withdrawn at the appropriate tinies and replaced with 2 mL of fresh receptor 
phase. The samples wcrc analy7ed immediately by HPLC using methanol- 
water with I X 10-3 M tetrabutylammonium perchlorate as the solvent (flow 
= 2.0 mL/min; absorbance at 280 nm). Samples of 500 jiL were injected onto 
the I1PLC column and eluted with a convex gradient using a commercial 
program]; 50% methanol -50% water (solvent A )  and 75% methanol-25% 
water (solvent B) starting with 20% solvcnt system Band concluding with 60% 
solvent system B after 5 min. Under those conditions, la (indomethacin) had 
a retention time of 6.7 min while Ic had a retention time of 9.0 min. Peak 
heights for. la werequantitated by comparison wi th  standards of known con- 
centration similarly chromatographcd. In every case only la wasobscrved in  
the receptor phase on analysis. 

The comparison of the ability todcliver indomethacin from the polyethylene 
ointment base between indomethacin and Ic is shown in Table 111. The 
amounts of indomethacin delivered from the application of Ic in isopropyl 
inyristate (42.7 f 5.4 j ig of indomethacin) and petrolatum (7.9 f 2.9 j ig of 
indomethacin) wcrc determined; thc amounts delivcrcd after 24 h arc rc- 
ported. 

Physical Properties-The stability of Ic was determined by preparing so- 
lutions or suspensions of Ic in the solvents listed in Table IV. At the appropriate 
time samples wcre dissolved in or diluted with ethyl acetate and those Solutions 
wcrc analyzed by 1fPI.C using the same conditions used in  the diffusion cell 
experiments. Only la was observed I decomposition product. 

RESULTS AND DlSClJSSlON 

Thc dcvc!opment of a prodrug dcrivativc of a drug containing a spccific 
functional group requires that the derivative of that functional group cxhibit 
spccilic characteristics. The derlvativc should bc stablc enough to havc a useful 
shelf lifc. yet revert quickly to the parent compound iti r im; the derivatizing 
;igcnt hhould be nontoxic and impart the desired change in  physicochcmical 
propcrtiea to the pilrent cornpourid. The last characteristic. in many cases, is 
the most difficult to predict. 

N.N-Dialkylhydroxylamincs appear to bc ;tttr;tctivc candidates as dcri- 
vati7ing 'tgcnts 'for cqrboxylic acid b;tscd on the above criteria. Acyl-N.N- 
dialkylhydroxylamincs are relativcly stable derivatives of carboxylic acids 
yet are sufficiently labile to serve as activatcd cstcrs in  amination reactions 
whcn thc reaction is catalyzed by a weak acid ( 1  7) .  Thus, thcy should be stable 
as long as thcy are kept out of contact wi th  protic solvents. but, because thcy 
arc chcmicillly labile. they also should bc labile inuicm. I n  addition. the dcri- 

The HPLC program was program 4 on a Waters Associates M660 programmer. 

vatizing agents cxhibit a low order of acute toxicity. NJ-Dicthylhydroxyl- 
aminc exhibits an oral L D ~ o ~ o f  1600 mg/kg in  rats and a topical L D ~ . o ~ o f  
2000 mg/kg in rabbits (18). compared with diethylamine which exhibits an 
oral LDso of 540 mg/kg in rats and a topical LDso of 820 mg/kg in rabbits. 
Finally, although amines have prcviously been employed successfully as 
pielration enhancers in formulations (19, 20). dcrivatizing agents containing 
low pK, amines [the pK, of N,W-dimethylhydroxylamine is 5.2 (21) and the 
0-acylated hydroxylamine should be even less basic] have not been employed 
to prepare prodrugs of carboxylic acids for the purpose of improving the ability 
of the carboxylic acid to penetrate biological membranes. Such derivatizing 
agents containing a low pK, amine group offer several potential advantages. 
First, the amine group generally confers to the molecule a greater ability to 
partition from an aqueous environment into lipids than does a carboxylic acid 
group (22); although it is not clcar whether this tendency is dyF to a more 
favorable free cnergy of adsorption or dehydration contribution to the free 
cnergy of transfer, previous work (23) suggests that it is probably the latter. 
Second, the low pK, amine is present in  its unprotonatcd form (99% at pH 
7.4) which is the form that undergoes partitioning (22). compared with other 
tcrtiary amines which are -0.1% unprotonatcd at pH 7.4. Thus, it seemed 
likely that the conversion of the carboxylic acid group in nonsteroidal anti- 
inflammatory agents to low pK, amine derivatives would impart the desired 
physical chemical properties to the derivatives. 

The acylated hydroxylamine derivative (Ic) was synthesiied from the re- 
action between Ib and two equivalents of hydroxylamine ( I  7). Various other 
bases such as triethylamine or potassium carbonate wcrc tried as substitutes 
for the second equivalent of hydroxylamine but the best yields were obtained 
with the second equivalent of hydroxylamine acting as the acid scavenger. A 
second route involving the use of a dehydrating agent ( I  .3-dicyclohexylcar- 
bodiimide) to form the ester bond (17) has also been used to prepare these 
iicylated hydroxylamine derivatives (13). The yields of product were gcnerally 
lower using this last approach but such an approach should bc more generally 
itcceptable for carboxylic acids with sensitive functional groups. 

To determine if the substitution of a carboxylic acid group by ii low basicity 
amine group had an effect on the ability of the parent compound to penetrate 
biological membranes. the diethylhydroxylamine derivative of indomethacin 
(Ic) was compared with indomethacin in  diffusion cell tests using the poly- 
ethylene ointment base as the vehicle. Almost twice as much indomcthacin 
was delivered by the derivative Ic than by indomethacin itself (Table II I. 0.03 
M = - I %  la). In addition. only indomettpcin was observed on the receptor 
side; no indole-chlorobenzoyl cleavage was observed. The cffcct of other ve- 
hicles on the delivery of indomethacin by Ic was also determined. A vehicle 
of petrolaturn gave diffusion results that were comparable with the polyeth- 
ylene ointment base (8 j ig) while a vehicle of isopropyl myristate containing 
Ic delivered almost five times as much indomethacin as did Ic in the poly- 
ethylene ointment base. I n  separate experiments, 16% dimcthylacetamide 
in petrolatum was used as a vehicle for the delivery of indomethacin from Ic. 
However, only -25 pg of indomethacin was delivered to the receptor phase 
in 24 h under the best conditions using the vehicle containing the penetration 
enhancer compared with 42 j ig of indomethacin delivered from Ic using iso- 
propyl myristatcs. These results show that Ic delivers indomethacin through 
skin better than does indomethacin. 

A comparison of the stability properties of Ic in various solvents arc given 
in Table IV. It is apparent that Ic is stable in aprotic vehicles. The relative 
instability of Ic in the polyethylene ointment base was attributed to acidic 
impurities in  the ointment. The addition of an organic base such as I-mcth- 
ylimidazole or inorganic bases such as magnesium oxide or zinc oxide resulted 
in little or no decomposition of Ic in the polyethylene ointment base being 
detected using the same experimental conditions5. I n  separate diffusion cell 
cxperiments zinc oxide was shown to have no effect on the delivery of indo- 
mcthacin by Ic from the polyethylene ointment base vehicle5. 

The effects of Ic on inhibiting inflammation in  animal models is shown in 
Table I .  In  theear burn test, Ic was about three times as potent as indomcth- 
;icin if  the compounds were tested i n  a piopylene glycol vehicle whilc Ic was 
twice as potent as indomethacin if the two compared in  an isopropyl myristatc 
vehicle. A croton oil irritation test was also used (24.25) .  I n  that test. Ic bas 
only marginally better than indomethacin6. but this may have been due to the 
partial decomposition of Ic by the croton oil which contains an acidic com- 
ponent. The advantages of the ear burn model in  these tests are that a com- 
parison between vehicles can bc obtained and that labile derivatives can bc 
compared under conditions where their stability can be assured. Thus, Ic was 
clearly more active than indomethacin in inhibiting inflammation in animal 
models. 

The effectiveness of Ic and indomethacin in inhibiting inflammation due 

Lowest dose a t  which toxic effects arc observed. 
K.B. Sloan. unpublished results. 
Kanebo Company, Japan. unpublished data. 
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to UV-B light isshown inTable II.Therewas nosigni~cantdifferencebetween 
thc two compounds at 0.03 M in petrolatum or at 0.03 M in the polyethylene 
ointment base. Only the results from the latter experiment arcshown but the 
petrolatum rcsults were essentially identical including the lag time for dc- 
velopmcnt of redness, although the inhibitory effect of indomcthacin and Ic 
was apparent after 2 h. using the polyethylcnc ointment base formulation. 
instcad of 3 h for the pctrolatum formulation. Thus. nodiffcrence between 
Ic and indomcthacin was observed under conditions where the diffusion cell 
cipcrinicnts had shown that Ic delivcr~d twice as much indomethacin through 
the skin a s  indomethacin itself (seeTable I l l ) .  Thiseffect may be the result 
of the delivery of a maximum effective dose of indomethacin from the appli- 
cation of indomethacin in  the polyethylene ointment base so that there was 
no observable effect of the excess indomethacin delivered by Ic i n  the poly- 
ethylene ointment base. 

The initial suppression of the redness score, then the gradual approach of 
the redness score for the indomethacin or Ic trcdted areas to the redness score 
for the control areas after 6 h. is similar to the observations ofSnyder (8) in 
guinea pigs and of Eaglstein ef a / .  (26) in human volunteers. Thus, although 
an N.N-dialkylhydroxylamine derivative of indomethacin exhibited improved 
delivery of indomethacin through skin and was more effective than indo- 
methacin in inhibiting thermal and chemical inflammation, i t  was no more 
effective than indomcthacin in inhibiting the long term erythema of UV-B 
radiation. However, thesc derivatives of nonsteroidal anti-inflammatory agents 
may be useful in treatingother inflammatory skin reactions such as allergic 
cczcmatous contact dermatitis (27) where prostaglandins have also been 
implicated as causative factors and insufficient nonsteroidal anti-inflammatory 
agent is delivered using conventional formulations and the underivatized 
nonsteroidal anti-inflammatory agent. 
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