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Pharmacology and Toxicology of Azelaic Acid
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The results of general pharmacological studics on me-
tabolism, smooth muscles, renal function, cardiovascu-
lar and neurotropic effects do not contra-indicate the
specific surface use of azelaic acid. From specific phar-
macologic studics it is assumed that azelaic acid exerts
its therapeutic effect in acne by an antimicrobial, prob-
ably bacteriostatic, ¢ffect on acnc-relevant microorgan-
isms such as Propioni bacerium acnes and, in addition,
by a strong comedolytic effect. In numcrous studics it
has been demonstrated that azchaic acid is not toxic.

INTRODUCTION

Pharmacological investipations on azelaie acd were
carned out n order to provide a basis for clinical
stucdies already performed (1), for safety reasons and
out of interest in its mechanism of action.

General pharmacology
The mvestigation on general pharmacology is sum-
marized in Table 1.

Taking into consideration the fact that wse of aze-
laic acid for acne involves use on damaged skin and
thus absorption of a certain quantity, the safety of
azelaie acid was evaluated in studics which disclosed
its influence on the metabolism of carbohydrates and
fats. on kidney function, and on cardiovascular and
neurotropic effects.

To evaluate the influence of azelaie acid on serum-
free fatty acid, blood glucose, lactate and pyruvate
concentration. the disodium salt of azelaic acd was
injected intravenously in doses of 1 000 mg/kg over 45
s into Wistar SPF rats. Fifteen minutes post injection,
the lactate concentration was significantly elevated.
the free fatty acid concentration was significantly re-
duced, and the plucose CONCENFAtIon Wi IMCONSPIC
uous. Thirty minutes after injection, all the parame-
ters measured had returned to within the normal
range. These effects, of fardy short duration. should
not have any clinical relevance for topical therapy.
since the concentrations of azelae acid used 1n the
test will never be reached after local surface applica-
tion for acne treatment.

In a similar study, 100 mg disodium salt of azelaic
acid per kg body weight was administered intrave-

nously 10 rabbits once daily on 6 consecutive days, No
effect was observed on liver function. lactate, pyru-
vate, glucose, ures Or crealinine serum concentra-
tions. Glucose tolerance was shightly decreased under
the influence of azelaic acid treatment.

In order to evaluate the influence of azelaic acid on
smooth muscles, appropriate in vitro set-upts for iso-
lated guinca pig organs were used. Azelaie acid in
excess of a certain, calculated concentration, assum-
ing immediate and 100% resorption of the topscally
applied drug, had no cffect on smooth muscle of
organs such as trachea, tleum and uterus.

Since azelaic acid 15 excreted in Man through the
kidneys, its effect was studied on unnary excretion of
the ions Na*, K* and Ca“ ' and on the urinary flow
of the disodium salt of azelaic acid administered in-
travenously up to 1000 mg/kg. From the results it can
be concluded that azelasce acid has no effect on Kidney
excretion after doses used clhinmically.

By comparison with the control group, azelaic acid
did not show any cffect on arterial pressure or heart
rate in conscious rats after ascending doses of 10, 50,
and 250 mg/kg, intravenously, up to 60 min after
injection. For concentrations up to 10-* mol/l it did
not affect the frequency or contractile strength of the
isolated guinea pig atrium with spontancous or stimu-
lated beat.

The Irwin test on Wistar rats after a single i.v.
injection of azelaic acid disodium sall in doses up to
800 mg/kg was used to check the neurotropic effect of
azelase acid. At 30 min. 4 h and 24 h after the injec-
tion, the inadence of effects was defined on the basis
of a scale of control wath 58 items which included
various neurological and behavioural symptoms and
functions related to the autonomic nervous system.
Muydriasis (400 mg/kg) and reduced locomotor activi-
ty (800 my/kg) were observed sporadically.

All the results of these pharmacodyvnamic studics
theretore exclude any eflect which contra-indicates
the specified surface use of azelac acid.

Special pharmacology

Azelaic acid is clearly indicated for the therapy of
acne (1). Unfortunately. no expennmental animal
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Table 1. General pharmacology of azelaic acid (di-sodium salt)
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Phamacological Dose and
effect Test-model route of applicatson Result
Metabolism Glucose, free fatty 1 g/kg i.v. Slight and short-lived
2cids; lactate (mt) increase of lactale and
decrcase of free falty ao0d
Metabalism Glucase, laceate, pyruvate, 6 100 mp/ke No effect
urea, creatinine (rabbit) i.v. over 6 days
Glucase tolerance 6x 100 mg/kg Slight decrease
(rabbit) i.v. aver 6 days
Smooth muscles Isolated 0.13 mol! No effect
(in vitro) traches, ileum, uterus
(guinea pig)
Renal function Na*,K*, Ca** and water Upto 1 pikg iv. No cffect
exretion (rat)
Cardiovascular Blood pressure, heart Up to 250 me/kg i.v. No effect
{in vive) frequency (rat)
Cardiovascular Isalated papillary muscle 10" mall No effect
{in vitro) (quinea pig)
Neurotropic Irwin test (rat) Up to 800 me/kg i.v. No cffect

model exists for this disease. Therefore, the evalua-
tion of pharmacodynamic activities was carried out
on models which are commonly considered to be
related to the basic process of acne pathology.

It is now generally accepted that bacterial propaga-
tion in the sebaceous gland and follicle 15 & factor
causing acne, Two studies along these hines were car-
ried out (Table IT). In the first study the following was
evaluated. Acrobic and anacrobic bacteria, yeast and
fungi were grown in Edenmeyer flasks under continu-
ous shaking at 30°C for 24 10 48 h. The effect of
azelaic acid at concentrations of 107! to Sx10°!
mol/l on the growth of the cultures was determined
photometrically.

Azelaic acid at concentrations of 107" o 2x 10!
mol/l leads 1o retardation and at a concentration of
510~ 'mol/l to complete inhibition of growth of the
microorganism tested. From experiments where aze-
laic acid containing medium was replaced by fresh
azelaic acid free medium, it 1§ concluded that the
effect of azelaic acid 1§ bacteriostatic rather than bac-
tericidal,

In a second investigation on the effect of azelaic
acid on the growth of Gram-negative and Gram-posi-
tive bactenia, yeast and dermatophytes. the minimal
inhibition concentration (MIC) and the minimal bac-
tenicidal concentration (MBC) were determined, MIC
and MBC were evaluated visually by a serial dilution
technigue after appropriate incubation.

MIC of azelaic acid is in the order of 310 ' 1o
Sx 10" molfl {Propeonibacteriun acnes 2.5x 107" or
3x 10" mol/l depending on the strain). The MBC 15
m the order of 310" 1o > 1 moll. The results of
these studies are in agreement with those of Leeming
et al. (2).

Another pathogenic factor of acne is the hyperacts-
vity of the sebaceous gland. The hamster ear ipogene-
s1s madel was used 1o evaluate the inflluence of azelaic
actd on sebaceous gland activity (Fig, 1).

Lipid svnthesis of the sehbaceous gland of the cas-
trated testosterone propionate-substituted hamster

Table 2. Annmucrobial effects of azelae acid

MCRG = Minimum ¢oncentration reducing growth, MIC
= Minimum inhibitory concentration, MBC = Minimum
biocidal concentration,

1. Study 2, Study

Organism MCRG  MIC MIC MRBC
(strain) {mall)y  (mol1}  (malll)  (malll)
Staphylococcus

Eprdermdss - - 0.5 =1.0

Aurcus 0.1m.2 05 0.3 0.5
Propionibacterium

AcCnes 0.3 01 0,25 =05

Acoes - - & 025 ~04s
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Fig. 1, Sehaceous gland lipegenesis in the car of the castrated  swbstituled controls (100%), Vertical rarge bars indicate
tstosterane propioaate-substituted (TP-substauted) hamster  standard deviglion. BL 10% azclaic acid (cthanohic sofution):
following a treatment with arelaic acd over a period up to 4 @, castrated control.

months. Results expressed as a percentage of castrated TP

Table 3. Texicity studies (summary)

Acute toxicity Toxiciny uerh repeated adminisiration
Administration of the compound &3 Subacute toxaany tnals
microcristalline suspension (mowse, Rat. oral, 30 days
a1, dog) Monkey, oral, 30 days
Foeral toxicuy and fersifity stwdies Mulagenic potensial
Tests for teratagenicity In vitro stodics
Rat. onal Ames-lest, HGPR T-test,
Rabbit, oral Human lymphocyte test
Monkey. oral In vive study {(domanant lcthal assay)
Loval wferance Sensitizing effvets
Rabbal, dermal 28 days Maximization 1651 {guinea pag)
Dug. dermal, 27 weeks

Eve irritation studies (rabbil)




Fig. 2. Phorographs of the surface (magnification x 34) of
cars from non-treated rabbits (4). of ears from rabbits treated
with tetradecane + ¢thanol/scetone (8) and of cars from rab-
bits treated with tetradecane + azelaic acid in ethanolace-
tane (),

was not affected following treatment with an ¢thano-
lic solution of 10% azelaic acid over a period up to 4
months (3).

Azelaie acrd has been detected autoradiographical-
ly in mitechondria in high concentrations, according
to Ward ¢t al. (4). Therefore, it could be suggested

2838442
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Fiz. §. Photographs of histology {stain: hematoxyinfeosin,
#133) of ears from non-ireated rabhits (4), of ears from
rahbits treated with tetradecane + cthanol/acetone (F) and of
cars from rabbits treated with tetradecane + azelaic acid in
echanol/acetone ().

that azelaic acid exerts its activity by influencing mi-
tochondnal respiration. From studies by Passt et al,
(5) on 1solated rat liver mitoechondria it emerged that
at concentrations ranging from 5 107 to 10~ moll,
dicarboxylic acids from C; 10 C,; are capable of inhib-
iting cell respiration, and that they are competitive
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Fig. 4. Influence of a daily (except Saturday and Sunday)
local treatment with 200 pl of azelaic acid (AA)} 20% soluton
in ethanaliacetone over 2 2-week penad. Values are a median

mhibitors of mitochondrial oxido-reductases such as
NADH-dehydrogenase, succinic-acid-<dehydrogenase
and reduced ubiquinon-cvt-c-oxido-reductase,

The guestion of whether the inhibition of mito-
chondrial oxido-reductases accounts for the effect ob-
served 1n vivo, remains open, however.

Moreover, follicular epithelial hyperplasia 1§ con-
sidered to be a pathogenetic factor in acne. Tetrade-
canc-induced comedo formation in the rabbit ear was
taken as the model. A sigmficant reduction in the
follicular epathelial hyperplasiy which follows dnly
treatment over a period of 14 days with 200 gl of 20%
azelaic acid solution or azelaic acid cream could be
demonstrated by low-magnification photographs of
car skin (Fig. 2A-C) and the corresponding histologi-
cal pictures (Fig. 3A-C).

The results of a quantitative morphometric analysis
of this effect is given in Fig. 4,

This effect scems to be specific, since treatment

of 10 animals per group and 20 comedones per animal,
*Significant difference vs. the tetradecane-treated (TD) con-
trols {a=0.05. Kruskal-Wallis test).

with pimelic acid (HOOCACH,)~COOH) in the same
concentration had no effect (Fig. 5).

As azelaic acad 15 applied topically in high concen-
tration (a 20% cream) it is assumed that it exerts its
therapeutic effect in acne by an antimicrobial. prob-
ably bacteriostatic, effect on acne-relevant microor-
ganisms such as Propionibacterium acnes and, in ad-
dition. by a strong comedolytic effect. It 15 not very
likely that azelaic acwd acts via the inhibition of seba-
ceous gland aclivity, though this is a matter which
requires study, employing appropriate investigative
techniques,

Tovicology

In numerous studies mn acule, chronic and reproduc-
tion toxicology. in investigations on the mutagenic
and sensitizing potental, and in local tolerance stud-
1es (Table HI), 1t was demonstrated that azelaic acid is
not 1oxic.
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Fig. 5. Infloence of a daily (excepr Saturday and Sunday}p
local treatment wigh 200 gl of pimelic acid (PA) 20% solution
in cthanollacetone over a 2-week period. Values are a median
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