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The Effect of Isotretinoin on 
Oxidative Stress in 

Severe Acne Vulgaris Patients

AABBSSTTRRAACCTT  OObbjjeeccttiivvee:: Oxidative stress (OS) has been implicated in the pathogenesis of a variety of
diseases including acne vulgaris. Isotretinoin (Iso), which is accepted to be the most effective med-
ication in the treatment of nodulocystic acne, has a number of adverse effects related to OS. The aim
of this study was to enlighten the disputed role of OS in the pathogenesis of acne and the effects of
Iso on OS. MMaatteerriiaall  aanndd  MMeetthhooddss::  Fifty patients with nodulocystic acne who were receiving Iso and
fifty healthy controls were included in the study. Blood samples were obtained from patients before
and on the 45th day of treatment and once from the controls. Serum total oxidant status (TOS), total
antioxidant capacity (TAC) levels were measured spectrophotometrically and oxidative stress index
(OSI) was calculated as a ratio of TOS to TAC. RReessuullttss::  Before Iso, serum TOS levels and OSI values
were significantly lower in the patients compared to the controls (p=0.004 and p=0.006, respectively).
On the other hand, there was no statistically significant difference between the groups for TAC lev-
els (p=0.285). When the values of patients before and after the treatment were compared, it was re-
vealed that serum TOS levels and OSI values had significantly increased (p=0.035 and p=0.043,
respectively), yet, TAC levels were not statistically different (p=0.308). CCoonncclluussiioonn::  These results sug-
gest that OS is decreased in patients with acne. Besides, Iso's exact mechanism of action on OS remains
somewhat obscure. Further studies are required to clarify the relationship between acne, Iso and OS.

KKeeyy  WWoorrddss::  Acne vulgaris; isotretinoin; oxidative stress

ÖÖZZEETT  AAmmaaçç::  Oksidatif stres (OS) akne vulgaris de dahil olmak üzere birçok hastalığın patogenezinde
suçlanmıştır. Nodülokistik akne tedavisinde en etkili ilaç olarak kabul edilen izotretinoin (İzo), OS
ile ilişki çok sayıda yan etkiye sahiptir. Bu çalışmanın amacı akne patogenezinde OS'nin rolünü ve
İzo’nun OS üzerindeki etkilerini ortaya koymaktır. GGeerreeçç  vvee  YYöönntteemmlleerr::  Bu çalışmaya İzo tedavisi
alan 50 nodülokistik akne hastası ve 50 sağlıklı kontrol dahil edildi. Kan örnekleri hastalardan
tedavinin öncesinde ve 45. gününde; kontrollerden ise bir kez alındı. Serum total oksidan seviye (TOS)
ve total antioksidan kapasite (TAK) spektrofotometrik yöntemle ölçüldü; TOS'un TAK'a oranı
kullanılarak da oksidatif stres indeksi (OSİ) hesaplandı. BBuullgguullaarr:: Kontrol grubu ile karşılaştırıldığında,
İzo öncesinde hastaların serum TOS seviyeleri ve OSİ değerleri anlamlı derecede düşük tespit edildi
(sırasıyla p=0,004 ve p=0,006). Bunun aksine, TAK düzeyleri göz önünde bulundurulduğunda iki grup
arasında istatistiksel olarak anlamlı bir fark yoktu (p=0,285). Tedavi öncesine göre sonrasında ise,
serum TOS düzeylerinin ve OSİ değerlerinin anlamlı derecede arttığı (sırasıyla p=0,035 ve p=0,043),
ancak TAK seviyelerinin istatistiksel açısından farklı olmadığı görüldü (p=0,308). SSoonnuuçç::  Bu bulgular,
normal popülasyona göre akne hastalarında OS'nin azaldığını göstermektedir. Bununla birlikte,
İzo'nun OS üzerindeki etki mekanizması tam olarak aydınlatılabilmiş değildir. Akne, İzo ve OS
arasındaki ilişkinin ortaya konabilmesi için daha ileri çalışmalara ihtiyaç vardır. 
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cne vulgaris is a multifactorial, chronic inflammatory disease of the
pilosebaceous units.1 Although acne is a self-limited disease, con-
sidering the risk of physical scarring it may have a negative psy-

chological impact on an individual’s social life.2,3 More aggressive treatment



with more effective medications is needed to pre-
vent scar formation and psychological sequelae that
often follows.4 Decreasing the size, shape and lipid
content of sebaceous glands, oral isotretinoin (Iso)
is the drug of choice for treatment of severe forms
of acne vulgaris.4-9-13

Iso is the only drug that affects all the fac-
tors involved in the pathogenesis of acne.9,10,14 In-
creased sebum production, ductal hypercornification,
Propionibacterium acnes (P. acnes) colonization and
inflammation are thought to be the key factors in
acne pathogenesis.15,16 However, there are numerous
reports of increased oxidative stress (OS) playing a
major role in acne development.17-22 Moreover, re-
cently, OS is attributed as one of the mechanism in-
volved in the pathogenesis of side effects of Iso.23-26

OS represents an imbalance between the pro-
duction of pro-oxidants and organism’s ability to
detoxify them and repair the damage that has been
developed. An oxidant or oxidizing agent is an elec-
tron acceptor and oxidation is a chemical reaction
in which an electron loss occurs. As free radicals are
atoms or molecules with unpaired electrons in outer
orbit, oxidation is the process that produces free rad-
icals. The vast majority of free radicals are derived
from molecular oxygen and these are generally
known as “reactive oxygen species” (ROS).27 Either
naturally produced or diet-derived, an antioxidant
is a compound capable of decreasing the harmful ef-
fects of ROS.27,28 As it has limited capacity, in spite of
the body’s antioxidant defence system, oxidative
damage products may increase leading to develop-
ment of many inflammatory diseases.19,29-32

In consideration of acne vulgaris is an inflam-
matory disease and OS plays a role in the side effect
development process of Iso, we investigated the OS
status in patients with acne receiving oral Iso. 

MATERIAL AND METHODS

STUDY GROUPS

A total of 50 patients (26 females, 24 males) with
nodulocystic acne between 18-30 years of age who
had attended the Dermatology Department of
Ankara Ataturk Research and Training Hospital were
included in this study. Fifty healthy individuals who

were age- and sex-matched pairs of patients were
taken as controls. Controls were taken from the gen-
eral population. The study protocol fulfilled the prin-
ciples outlined in the Declaration of Helsinki and was
approved by Ethics Committee of our hospital. All
participants were informed about the protocol and a
written consent was obtained from each one. 

A thorough clinical evaluation including a de-
tailed medical history and complete physical exam-
ination was done for each participant. Those who
reported any systemic disease, pregnancy or lacta-
tion, taking drugs known or suspected to affect ox-
idative status such as supplemental vitamins, also
alcohol consumption and smoking habit were ex-
cluded from the study. All the patients were
weighed and 0.5 mg/kg per day of oral Iso treatment
started. Before and 45 days after treatment with Iso,
the following laboratory tests were performed on
each patient: Complete blood count, biochemical
analyses including serum urea, creatinine, aspartate
aminotransferase (AST), alanine aminotrans-
ferase (ALT), gamma-glutamyl transferase (GGT),
total cholesterol, high-density lipoprotein (HDL),
low-density lipoprotein (LDL) and triglycerides.

BLOOD SAMPLE COLLECTION

After overnight fasting, peripheral venous blood
samples were obtained from each participant in the
study. Plasma was separated from blood samples by
centrifugation at 3500 rpm for 10 minutes and then
the samples were stored at -80 °C until further
analysis of total antioxidant capacity (TAC) and
total oxidant status (TOS). 

MEASUREMENT OF TAC OF PLASMA

TAC of serum was determined using a novel auto-
mated colorimetric measurement method, devel-
oped by Erel.33 The novel method is based on
bleaching of the characteristic color of a more sta-
ble 2,2’-azino-bis [3-ethylbenz-thiazoline-6-
sulfonic acid (ABTS)] radical cation caused by
antioxidants.33 The results are expressed in mmol
Trolox equivalents/L.

MEASUREMENT OF TOS OF PLASMA

Plasma TOS levels were determined using a novel
automated colorimetric measurement method, de-
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veloped by Erel.34 The assay is based on the oxida-
tion of ferrous ion to ferric ion in the presence of
various oxidant species in acidic medium and the
measurement of the ferric ion by xylenol orange.
The color intensity, which can be measured spec-
trophotometrically, is related to the total amount
of oxidant molecules present in the sample.34 The
results are expressed as μmol H2O2 equivalent/l.

DETERMINATION OF OXIDATIVE STRESS INDEX (OSI)

The percent ratio of TOS to TAC yields the OSI, an
indicator of the degree of OS. To perform the 
calculation, the result unit of TAC, mmol Trolox
equivalent/L, was changed to μmol Trolox equiva-
lent/L, and the OSI value was calculated as follows: 

OSI= [(TOS, μmol/L)/(TAC, μmol Trolox
equivalent/L)/100].

STATISTICAL ANALYSIS

Data were analyzed using the SPSS® for Windows
computing program (Version 17; SPSS, Chicago, IL).
The values were presented as mean ± standard devi-
ation (SD) or percentages, where appropriate. A
paired t-test was used to compare data before and
after treatment with Iso. The differences between
the different groups of patients and controls were an-
alyzed by Student’s t-test (two-tailed). All data were
tested for normality with Shapiro-Wilk test and ho-
mogeneity of variances with Levene’s test. A p-value
<0.05 was accepted to be statistically significant.

RESULTS

There was an equal distribution of age and gender
among acne patients and controls. Twenty six fe-
male (52%) and 24 male (48%) patients, also 26 fe-
male (52%) and 24 male (48%) healthy controls
were enrolled in the study. The mean ages of both
patient and control groups were 22.2±3.4 years.
The values of patients before Iso and controls are
delineated in Table 1 whereas of patients after Iso
and controls in Table 2. As can be seen, before
treatment there was no significant difference be-
tween patients and the control group with respect
to serum TAC levels (p=0.285). However, serum
TOS levels and OSI values were significantly lower
in patients than controls (p=0.004 and p=0.006, re-

spectively). Though serum TOS levels and OSI val-
ues considerably increased in patients after treat-
ment when compared to the values before the
treatment (p=0.035 and p=0.043 respectively), once
again there was no statistically significant differ-
ence in serum TAC levels (p=0.308).

DISCUSSION

Acne vulgaris is a distressing skin condition re-
gardless of severity, even the mildest forms may in-
duce significant psychological and social burden on
patients.35,36 As further investigations have been
carried out to enlighten the pathogenesis of acne,
newer treatment options in the management of this
intricate disease have emerged.16,37 OS is one of the
mechanisms regarded as being responsible for the
development of acne vulgaris.17-20,22 Taking this into
consideration, researchers focus on treatment
modalities that will lower oxidative status of acne
patients.17,18,21,22 However, the contradiction is in-
evitable, as existing data suggest that Iso which is
accepted to be the most effective drug in acne treat-
ment increases OS.5,9,13,23,24

It is known that in acne vulgaris, sebaceous
gland size and activity increases thus, sebum excre-
tion rate is magnified.38-40 Not only quantitative, but

Patients Controls p

TAC (mmol Trolox equiv/L) 2.6±0.31 2.6±0.32 0.285

TOS (µmol H2O2 equiv/L) 13.7±3.71 15.1±2.99 0.004

OSI (arbitrary unit) 52.0±12.9 59.1±12.3 0.006

TABLE 1: Plasma oxidative and antioxidative 
parameters of patients with acne vulgaris and controls.

TAC: Total antioxidant capacity; TOS: Total oxidant status; OSI: Oxidative stress index.

Before Iso After Iso p

TAC (mmol Trolox equiv/L) 2.6±0.28 2.6±0.31 0.308

TOS (µmol H2O2 equiv/L) 12.4±3.5 13.7±3.71 0.035

OSI (arbitrary unit) 47.7±14.31 52±12.88 0.043

TABLE 2: Plasma oxidative and antioxidative parame-
ters of patients with acne vulgaris before and after 45

days on Iso treatment. 

Iso: Isot ret no in; TAC: To tal an ti o xi dant ca pa city; TOS: To tal oxi dant sta tus; OSI: Oxi -
da ti ve stress in dex.



also qualitative variations have been detected in
sebum of acne patients. Researches exploring the
composition of essential fatty acids in sebum re-
vealed that the proportion of linoleic acid is de-
creased in acne comedones whereas palmitic acid is
increased.41-44 This altered ratio of fatty acids is ap-
proved to induce OS. Normally linoleic acid de-
creases phagocytosis and generation of ROS by
neutrophils.20,43,44 Additionally, palmitic acid de-
creases the amount of neutrophil-derived H2O2. Al-
though palmitic acid acts as a scavenger of H2O2,20,45

it is thought that H2O2 produced by neutrophils in
acne vulgaris exceeds the amount that palmitic acid
can neutralize.45

One of the other major contributing factors to
acne development is thought to be P. acnes.15,16

P.acnes seems to launch the inflammatory process
in acne by producing neutrophil chemoattractants
which prompt the accumulation of neutrophils at
the site of acne comedones.15-17 Both attracted neu-
trophils and P. acnes release lysosomal enzymes
that damage follicular epithelium.17,46 The follicular
content extrude through the damaged follicle wall
into the dermis, and this material both elicit a for-
eign body reaction and intensify the inflammatory
process in these areas.17,18,21,22 Attracted neutrophils
also produce toxic molecules including ROS that
further aggravate tissue damage and inflamma-
tion.18,31 This tissue destruction at the inflammation
site is called auto-oxidative damage.47

The first clinical investigation regarding the
oxidative status of acne patients was performed by
Michaëlsson and Edqvis.48 In their study, they
showed that levels of glutathione-peroxidase
(GSH-Px), which is an antioxidant enzyme, were
significantly lower than that of controls in male
acne patients.48 Additionally, researchers questioned
other plasma oxidative parameters of acne patients
including H2O2,17 superoxide dismutase (SOD), cata-
lase (CAT), glucose-6-phosphate dehydrogenase
(G6PD), myeloperoxidase (MPO), malondialde-
hyde (MDA), nitric oxide (NO), xanthine oxidase
(XO) and TAC.18,21-23 

Although included a number of contradictory
results, there are more other individual researches
concluding acne patients are under systemic

OS.17,18,21,22 Still, an important question to con-
sider before assuming OS as a putative etiologic fac-
tor in acne is whether OS is a notable cause or just
merely a downstream consequence of acne inflam-
mation.22 In fact, human body is a dynamic system
in which every metabolic process is interrelated
trying to maintain oxidant-antioxidant equilib-
rium, despite the constant attack of free radicals.27

On the other hand, even though the organism rep-
resents a state of overall response in terms of OS,
since it is too complex and differs in detail among
individuals, we hypothesize that this may be some-
thing of an overestimation to interpret the oxida-
tive status of a person just with respect to his
illness.27 In this context, further studies with more
detailed measurements are needed to comment on
the oxidative status of patients with principal dis-
eases, including acne vulgaris.

To our knowledge, this is the first prospec-
tive study to investigate the TAC, TOS levels and
OSI values in acne patients. On the contrary to our
expectations, we found serum TOS levels and OSI
values of the patients lower than the controls,
whereas serum TAC levels of both groups were al-
most similar. TAC and TOS levels of participants
were measured with novel automated direct meas-
urement methods, which are both developed by
Erel. These methods are more sensitive and reliable,
but since they do not match with the ones in the
previous studies, it is difficult to make a definitive
comparison. Moreover, as we stated before, the role
of OS in acne pathogenesis, the so-called egg or
chicken dilemma, still remains to be solved. Indeed,
the information in the literature about oxidative
status of patients with acne vulgaris is limited. On
the other hand, we need to mention some limita-
tions of our study, such as relatively small sample
size and the lack of investigation of more OS pa-
rameters.

Data suggesting OS exists in acne patients spur
researchers to study on therapeutic options that
would increase antioxidant state of these pa-
tients.17,18,21,22 There is compelling evidence that in
addition to their antibacterial effects, some antibi-
otics, especially tetracyclines have an anti-inflam-
matory action.49,50 Tetracyclines decrease the
number of P.acnes, and also suppress liberation of
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inflammatory mediators and inhibit neutrophil
chemotaxis. Besides, tetracyclines are approved to
repress the production of ROS which are produced
by neutrophils. In contrast to our postulations, the
sum of these data seems to suggest that both OS
exist in acne patients and P. acnes is of importance
in the pathogenesis of acne inflammation.17

Iso, the drug that is affirmed to mark a new era
in the treatment of severe forms of acne, has also be-
come subject of researches about OS and yet, it has
not been revealed whether it decreases or increases
oxidative status.23-26,51-54 Although few, both human
and animal model studies have been conducted in
order to clarify this issue.23-26,51-54 Originally, the fun-
damental idea which underlies these studies was the
chemopreventive benefits of retinoids.51,52,54 One of
the researches carried out on patients with adult T-
cell leukemia (ATL) revealed that Iso induces apop-
tosis of human T-cell leukemia virus type I
(HTLV-I) positive lymphocytes which are found to
be increased in ATL. This effect of Iso is considered
to act via generation of peroxides.51 Another chemo-
preventive study regarding Iso demonstrated the
protective effects of the molecule against muta-
genicity and carcinogenicity. Nevertheless, on the
contrary to the former, results of this study dis-
played the antioxidant features of Iso.52

Besides as a chemopreventive agent, retinoids
are also used in inflammatory diseases such as pso-
riasis and rheumatoid arthritis because of their 
anti-inflammatory and immunomodulatory prop-
erties.53 As a suggestion for the treatment of in-
flammatory glomerular diseases, Iso is found to
weaken iNOS activity/expression and NO-medi-
ated cytotoxicity as in a manner to establish these
features.53 Iso is also known to be a potent terato-
gen and one of the presumed mechanisms of Iso

teratogenesis is production of toxic ROS.24-26,55 It
has been shown that incubation of neural crest cell
culture with Iso evokes an increased release of
ROS.25 Similarly, in another study it has been sug-
gested that because Iso is metabolized by
prostaglandin synthase to a toxic peroxyl radical, a
prostaglandin synthetase inhibitor, acetylsalicylic
acid may emerge as an anti-teratogenic agent.26

Moreover, Iso teratogenicity in mouse embryos is
supposed to decrease when these embryos cultured
with zinc, which is an inducer of important tissue
antioxidant, embryonic metallothionein.24

The only prospective human study about ef-
fects of Iso on OS which is conducted on acne pa-
tients was reported by Georgala et al.23 In this
study, Georgala et al. found that before treatment
with Iso, both plasma TAC and 8-hydroxy-2-
desoxyguanosine (8-OHdG), a serum marker of
DNA oxidative damage, levels were lower in acne
patients. Whereas, when compared with controls,
in patients plasma TAC levels were significantly
lower, but 8-OHdG levels were higher. Based on
these results, Georgala et al. suggest the assumption
that Iso induces DNA oxidative damage.23

CONCLUSION

As we have revealed increased serum TOS levels
and OSI values but no significant difference in the
serum TAC levels in patients after Iso, we also con-
clude Iso increases OS. However, existing data
about the effects of Iso on OS is not only meager,
but also already complicated by the divergent ap-
proaches of the researchers. Emerging researches
will further shed light in elucidating the specific
mechanisms involved in the action of Iso, thereby
the role of Iso on OS and also the role of OS in the
pathogenesis of acne vulgaris.
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