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Abstract
@

Background: Isotretinoin is used to treat some skin disorders in dogs and cats by reduc&e size and

>

activity of their sebaceous glands, although it may have some neurobehavioral side effects.

Objective: To evaluate isotretinoin's effects on the brain and neuroEFansmltters ah as its impact on

neurobehavior and motor activity.

Methods: A total of 15 mice were arranged into 3 groups: t group”\/as a control, the 2nd group

received 125 mg/kg isotretinoin, and the 3rd group rec%Z g/kg orally.

X

Results: The LD50 for isotretinoin is 4841.2 /kg.Weurobehavioral measurements of mice reveal
significant effects on changes in open vi@time spent in dark areas, and negative geotaxis
behaviors across different dosageﬂevels i ot'etinoin. Both doses of isotretinoin 125 and 250 mg/kg
result in significant alterat rom levels. Mice treated with isotretinoin at 125 mg/kg exhibit a
decrease in serotorrlﬁ Aﬂpared to the control group. Both doses of isotretinoin result in
significant changes i Icholme levels. Isotretinoin at 125 mg/kg shows a slight increase in

ac Icfm. d%ndicate that there is a significant increase in COMT enzyme. Histopathological

study in the b‘in revealed that 125 mg/kg of isotritinoin showed mild vacuolization, blood vessel



congestion, and mild perivascular edema. High-dose 250 mg/kg recorded vacuolization, gliosis, blood

[ ¢

vessel congestion, hemorrhage, and satellitosis.

Conclusion: high oral dosages of isotretinoin influence animal neurobehavioral behavior ecau& of its

effect on brain tissue, as evidenced by its effects on serotonin, acetylchollne a \he‘nzyme
Keywords: isotretinoin, neurobehavior, neurotransmitters, COM@e \

Q
Introduction o b

Isotretinoin is prescribed to treat Schnauzer comedo yndrome, ichthyosis, feline acne, sebaceous

adenitis, epithelial lymphoma, keratoa ma, sﬁlceous gland hyperplasia, and adenomas (Koch et
@

al., 2010).

Other names for this e *Iude Accutane®, Claravis®, Sotret®, isotretinoin, and retinoid.

Retinoids are a famiﬁ)f vitamij,A—derived chemicals that belong to the nuclear receptor superfamily

and regulategene Won (Gudas, 2012). . They conduct numerous roles. This signaling molecule

binds.to pa lariretinoic acid receptors in the brain, including glucocorticoid and thyroid hormone
p

receptors ,2012).



Research into retinoic acid in the central nervous system has concentrated on brain development,
spurred in part by the discovery that isotretinoin, an isomer of retinoic acid used in ther: JIMENEZ et

al., 2017). Recent research reveals that retinoic acid may alter the adult brain; aﬁs jes have

shown that isotretinoin administration causes behavioral abnormalities ?\%l‘inpibition of
.

he ¢ hippocampus.

Isotretinoin inhibits fat cell growth and stimulates apoptosis, which'reduces se\ceous gland output and

neurogenesis in t

\
size. It inhibits the migration of multinucleated white blood cells.to th&ki‘(JlMENEZ etal., 2017).

Isotretinoin affects a collection of nuclear recepto@t ré’ the expression of several gene
receptors in ‘ V the skin.
Retinoic acid is derived from vitamin A annguIa&ell proliferation and differentiation in several
organs of the body, including bon.es}b ves’els, the heart, and immunity (Szymanski et al., 2020).
Recent research has highligh*the Qcts of isotretinoin on neural health, particularly concerning
nerve cell proIiferation,@fe\t&on, and adaptability. Elevated or reduced isotretinoin levels
significantly impact t&e processes (Melnik, 2019). Studies in companion animals, specifically dogs and
cats, in‘&syc&gﬁchanges associated with isotretinoin use, including increased anxiety,

aggression, am‘\otable behavioral shifts (Camps et al., 2019).



In experimental studies on rodents, evidence also suggests that isotretinoin influences mood and
i a

behavior. For example, O'Reilly et al. (2006) demonstrated that a dosage of 1 mg/kg/da er six weeks

in rats induced depression-like symptoms, as observed in behavioral tests like the fo h1 test and

the tail suspension test, where affected animals exhibited decreased actmty{ M, |;otret|nom

has been associated with memory and learning impairments. Bremner (50 repo d hippocampal

shrinkage, which aligns with findings on isotretinoin’s negative im on cogn e functlons
Given the abundance of retinoid receptors in various brai s, isotr&inoin has been implicated in

inhibited brain growth across several animal models. I-%e imited studies have explored its specific

neurobehavioral effects on adult animals, par’cgarlywng learning, memory, and anxiety. This

study aims to fill this gap by examining the i ct ofJ'so retinoin on these neurobehavioral mechanisms
in adult models, thereby addressingh I vv‘d in current literature.The objective of this study is to
comprehensively assess the cts t\otretlnom on neurobehavioral functions, including learning,

memory, and anxiety in aCaN\]odels

Materlals M

Mat Is use the study



Isotretinoin comes in the form of oil capsules form Ajanta Company, Jordan. The dose was determined

€

based on the animal's weight and the dose delivered orally by gavage needle).

Ethical approval: All ethical approvals were acquired from College of Vet- Medicine,ﬁ&%fMosul
11/15/2023,Ref: M.VET.2023.036 ‘ \ ’
@ \

Animals
. 4
Male mice measuring 25-30 grams, 2-month age, were raised i boratorNcumstances that were

temperature and humidity controlled, and they were kept ‘and rais} u dedicated cages inside the

animal home. 0 F
Diagnostic kits x

\

All kits using ELIZA for measuring J
¢ A kit for measuring ACETYL CHOI.Q\IE fro &cience Company

oA kit for measuring SER@\! from the company Elabscience Company

¢ A kit to measure ( MT) catﬂmol O-methyltransferase from the company Elabscience Company, Lot

Num ber 04\
&
Experi t design



A. LD50 experiment

@
To determine the median lethal dose (LD50), an initial dose is administered to a sing‘mal based

on preliminary experiments. The survival or death of the animal is observed a@ hour‘ If the

animal dies, the dose is decreased by a fixed amount; if the animal survi*s, \ ig increased
&

by the same fixed amount. This process is repeated until a e‘curs, uswally indicated by a

reversal in outcome (i.e., a live animal followed by a d(d one, onvice ver&

After this turning point, observations are recorded for dditiona»animals over three days. The

results are noted in a binary format, where W Me death of the animal, and “0”

indicates survival. The final LD50 value is cxatewdmg to a table described in Dixon's 1980

study. \
2

A wide range of dosages were em’l ye alzﬁlate the LD50 . The LD50 is calculated using a formula
that includes the first orall ded k (Xf), a coefficient (K) indicating the rise or decrease in dose,
and the last orally de doABased on the numbers supplied, the first orally administered dose (Xf)

mto the LD50 formula, we obtain:

is 4000 mg/kg, the co icie t (K) is 0.701, and the dose increase or decrease is 1200 mg/kg.
Substituti

LD50 = Kd



B- Evaluation of various doses of isotretinoin on nervous system:
in this investigation, 15 mice were placed into three groups: the first was a control groq&?at received

no therapy, the second group received 125 mg/kg isotretinoin, and the third group W 50 mg/kg

by orally dosage. \\ ’

Dose Selection

The doses of 125 and 250 mg/kg of isotretinoin were selecte sed on Neral factors. First, the
¥ .

selection was guided by the LD50 value of 4841.2 mg/kg in rats; which ind"ates the median lethal dose.

Choosing doses well below this level minimizes the risk ﬁ;c toxiﬁky and ensures safety.

Secondly, these doses were informed by previ%tud" s on/the effects of isotretinoin. These studies

demonstrated notable neurobehavioral effects at mhte doses lower than the LD50. Thus, the 125

and 250 mg/kg doses allow for observing be viord‘nd neurological impacts within a safe range, while

also revealing any significant su -acute toxicity effects relevant to the study. The therapy session lasted

14 days . (

Neurobehavioral assessments w taken following the treatment period, including:

. The n fi ne by counting the number of rearing and squares that the mouse passes
wt an open field box daimeter 40 cm x 40 cm x 30 cm (length x width x height) (Gould et al,,

9)



e The light and darktest makes use of a specific equipment in the shape of a box divided into two

¢
rooms: dark and light. After placing the mouse inside the box for 3 minutes, th% spent by
th

{e dark
room is determined using the equation dark time = (dark time) /(tota‘ \\ 9(u|esskaya

and Voikar, 2014).

each mouse inside each chamber is measured, and the percentage remaini

e The negative geotaxis test involves placing the anirﬁlon a dxﬁce witf&loping surface at a 45-
degree angle, and then calculating the time, it ta animal*o turn and change direction

within seconds (Kulesskaya and Voikar, 20140 b

p, 4

e The pocking test involves utilizing a ice F%s pe of a perforated surface with numerous
holes the size of the mouse's Quse is placed on this surface and left for three

minutes. The number of Ibl:s i icf’the mouse places its head during a period is counted

(Hurst and West, 20* \

After the behaworalﬂiCrohcal tests were finished, the mice were given ether anesthesia so that
blood could be dra Wem. The blood was then placed in glass tubes containing the anticoagulant
ED inhr to'separate the plasma for future biochemical assays. The brain was also removed and

stored i ancontainers containing 10% neutral formalin.



The enzyme catechol-O-methyltransferase (COMT) is crucial in the breakdown of catecholamines such
as dopamine, epinephrine, and norepinephrine. COMT works by transferring a | group to

catecholamines, thereby inactivating them and playing an important role in regulatiw ) oinition,

and stress responses. \\ y
Statistically analysis o \ .

The statistical interpretation of these findings entails determmmg\e S|gn|f|cance of the observed
differences, which are indicated in the tables. Statistical testing u |~ the SPSS program for analysis of
variance (ANOVA) and post-hoc comparisons w*'-e Tukey HSD test revealed significant differences at

p<0.05.

,,Q,J

The provided data outlln( IethaI dose for 50% of the test animal) for isotretinoin. The
LD50 value is cruua )as it indicates the dosage at which a substance becomes lethal to half

of the test an A tM, the LD50 for isotretinoin is calculated to be 4841.2 mg/kg (Table 1).

Xf + Kt\

4000 + (0.701 * 1200) = 4841.2 mg\kg
10



The neurobehavioral measurements of mice treated with isotretinoin for 14 consecutive days reveal
significant effects on various parameters compared to the control group. The data pres d in Table 2

illustrate changes in open field activity, time spent in dark areas, and negative geotaHa rs across

>
different dosage levels of isotretinoin. \ 0
N \

Starting with open field activity, both doses of isotretinoin (125 r@nNSO mg/kg) show alterations
compared to the control group. Mice treated with 125 m*g exhibif\an incre& in locomotor activity,
as indicated by a increase number of crossings and rearing igher do?e of isotretinoin (250 mg/kg)

exacerbates this effect, resulting in a more pronounc@e in both crossing and rearing activities

compared to both the control and lower dose grx. V

Regarding the percentage of time spen reathere is a notable difference between the control

group and the isotretinoin-treate® grou i& administered with both doses of isotretinoin spend

significantly less time in da & conhed to the control group.

In the negative geot‘xis test; siﬁnificant differences are observed between the control group and the
isotreti* ted@\/ﬁce receiving isotretinoin, particularly at the higher dose of 250 mg/kg,
exhibit impa ripen‘ormance in negative geotaxis and pocking number compared to the control and

lower dosexgroups (Table 2).

11



Table 3 recorded compared to the control group, both doses of isotretinoin (125 mg/kg and 250 mg/kg)
result in significant decreased in serotonin levels. Also Both doses of isotretinoin (125 250 mg/kg)

result in significant increase in acetylcholine levels. Mice treated with isotretinoin aﬁw g~show a

slight increase in acetylcholine levels compared to the control group. In additi r\%da}a indicate
and

that there are significant increase in COMT levels between the control’group

D
treated groups at either dose (125 mg/kg or 250 mg/kg). \

BN %

b

Figure 1 displays histological sections of the brai frr@om ferent experimental groups. In panels

he isotretinoin-

Histopathological study Results

(thick arrows), and blood vessels (a )eobserved These sections exhibit no significant

g

A and B, representing the control group, nor( Wre of neurons (indicated by arrows), glial cells

abnormalities.

In panels C and D, corr i gkthe low dose (125 mg) of isotritinoin group, mild vacuolization
(arrows), blood vessa congesti% thick arrows), and mild perivascular edema (arrowheads) are evident.

These ng ugg‘Mdegree of tissue alteration, although they are relatively minor compared to

the control 0{) \

12



In panels E and F, representing the high dose of isotritinoin (250 mg) group, more pronounced
| &
histological changes are observed. Vacuoles (indicated by arrows) gliosis (pointed Kﬁ)y‘ arrows)

congested and hemorrhaged blood vessels (marked by arrowheads) and satellitosis H h curved

arrows) are clearly visible. These changes suggest damage, to the tissue and an i Wyﬁesponse is

@

QN>

Both low and high doses of isotretinoin seem to cause aIte\tions in t% brain &ue of mice with severe

underway.

changes observed at higher doses. The figures in the panel nified a’lOOX providing a view of the

tissue structure while those in the right panel are m@ 08( offering a closer look at cellular

details. ‘ V
N

The histological sections have been st | @atoxylin and eosin (H&E) to visualize shapes and
tissue structures. These histopdthologi fir'jings offer insights into the neurotoxic effects of

isotretinoin at varying dos &r coring:the need for further research on its safety profile and possible
ﬁu

them.
=

A specialized tholﬂM\ expertise in brain tissue analysis was relied upon to ensure the accuracy

impacts, on the cent?n

an liabili ‘fthe\results. The pathologist evaluated the tissue samples using advanced methods and

standardi criteria, allowing for a comprehensive analysis of histopathological changes. This

13



evaluation included examining cellular structures, assessing the degree of damage, and monitoring

h\

This research examined isotretinoin’s effects on animal behavio motgr activity, /neurotransmitter
\ ¥
interactions, and brain tissue. The LD50 was found to be 4841.2 kg, indi@g toxicity risks at high
) A

doses. Neurobehavioral tests showed that isotretinoin increased motor *tivity, such as standing time

changes that may indicate the effects of treatment or toxicity.

>

Discussion

and squares crossed, suggesting brain effects that man& nxieg‘ (Gould et al., 2009.).The light and
darkness experiment also indicated that the ‘Jsewferred staying in the light, than the dark
indicating stress experienced by the animal possitNe to nerve receptor stimulation in the brain.
Similarly, findings from the negative : tesJ‘uowed that it took longer for the animal to turn
around suggesting impairment .ItS vestibular brain functions. The brain plays a role, in maintaining
balance and a decrease c es*bimplies that the animals may not be fully aware of their
environment Kulessfa d har 2014).

In this study, ex Mw certain brain neurotransmitters may be influencing behavioral changes.

Thé rise in“anxiety and tension seen in the animals could be due to disturbances in levels of

neurotra itt)s like Ach and serotonin (Hurst and West, 2010). Serotonin, a neurotransmitter that

14



impacts mood, cognition and behavior has been linked to mental health conditions like sadness and
anxiety. The decrease in levels post isotretinoin treatment raises concerns about moed.related side
effects from the therapy (Dopheide and Morgan, 2008). These findings highlight isoﬂin influence

on neuropsychiatric side effects, including altered acetylcholine levels post-tre r\f@ta’akis etal.,

2009). Acetylcholine is crucial for neurotransmission, muscle movement, a%d cognition. The increase in
§ ¥
acetylcholine observed may indicate effects on cholinergic mechanisms (Bacq&Cazenave et al., 2020),

\
though the exact process—whether through production, release, or Weakdown in the peripheral
nervous system—remains unclear (Ding et al., 2023).% on isl&retinoin should be monitored for

side effects such as muscle weakness, digestive %S' %ognitive concerns (Rose and Goldberg, 2013).

Both doses of isotretinoin significantly raisedWT levels, an enzyme that metabolizes

neurotransmitters like dopamine, sero orer*ephrine, and epinephrine, which may explain the
serotonin decline observed in tiis study. T regulation affects mood, stress, and cognitive function
a

(Brandt and Flurie, 2020 X ekMT activity is associated with conditions like schizophrenia,

depression, and Parﬁso s, disease (Clayton et al., 2020). Histopathological analysis showed dose-
4

dependent e S Mssue, with findings in line with prior studies showing isotretinoin’s impact

onferve celldevelopment and repair (Balch et al., 2008).

)

15



Isotretinoin has been linked to delays in brain development, affecting mental and nervous system
growth (Meloto et al, 2015). Research shows that isotretinoin impairs neuron“growth in the
hippocampus—crucial for memory and learning—by impacting gene activity that rﬁ&rerve cell
growth, survival, and repair, accelerating neuron death in this area (Bremner et “1),\5 an anti-
inflammatory, isotretinoin reduces skin inflammation by inhibitin Ieu{ocyte migration and likely
\ .

functions through retinoic acid receptor activation, affecting e expres&n (Clark et al., 2020;
Isoherranen and Zhong, 2019). Retinoic acid from vitamirh' essenUaI‘or cell differentiation across
various systems, including the hippocampus, which re& neur*al plasticity and neurogenesis for
memory formation (Dabrowska and Thaul, *8).@athology confirms isotretinoin’s dose-
dependent toxicity in brain tissue, aligni withNious findings showing restricted nerve cell
formation and repair (Nurjanti, 2019k J

In addition to damage to synapses, which are'the communication points between nerve cells, there are
brain development issu {

X\delayed mental and nervous development (Huang et al., 2014).
t

Researchers also discovered t isotretinoin inhibits the development of new neurons in the

_

hippocaﬁfai\writical for memory and teach (Clark et al., 2020).

16



Isotretinoin alters the expression of a number of genes in nerve cells, including those involved in nerve
@

cell growth and death, thus slowing the repair of damaged nerve cells in this brain region (Ormerod,

2021; Moini, and Piran, 2020). \

2023; Khodabakhshi Rad et al., 2023).

Researchers also discovered that isotretinoin causes nerve cell loss in the hipp?a wAladaly etal.,
@
.

A

Our research, into the effects on behavior and biochemistry caus Y isotrelwin matches what other
studies have found in the past — that isotretinoin can affect\n rotransm"cer levels and brain function.
Previous studies conducted by Bremner et al., 2005 an% et al~ 2008 have also reported changes,
in pathways and behavioral changes after adn‘teriw isotretinoin. This helps explain why we saw
serotonin levels in mice given a dose of 1 mg/Mour study. The disturbance of this chemical
messenger is acknowledged as an ele @’ in alt*tions to patterns; research has connected these
shifts to emotional disorders aqcognitive nitations while also heightening the response, to stress.

However there are differrs frowhes. For instance past investigations mostly concentrated upon
low level applicatioﬁf i otre}yin whereas our study assessed sudden dosages. Our discoveries,

particularly concerni Msed acetylcholine amounts. Intensified COMT enzyme function are fresh

and i dh thathimmediate isotretinoin exposure, at levels could provoke distinctive biochemical

reaction rhaps by means of increased oxidative stress or acetylcholine pathway adjustment. These

17



discoveries enhance our knowledge of the impacts of isotretinoin. Emphasize the necessity, for more
&

exploration, into dose related neurochemical alterations.

Addressing experiments presents difficulties and suggestions to consider moving for: ﬁn dealing

with the careful monitoring required for high doses of isotretinoin because Qf th?(icity risks

involved in the process.A notable challenge arises from the varyin neur%be avior exhibited by mice
\ ¥

which could be influenced by factors affecting the outcomes of experiments cNucted .

Future research should consider investigating the impact of doses over ti@e to mimic real world usage

patterns in settings. It would be beneficial to stw Iong\term effects of isotretinoin, on

neurotransmitters such as serotonin and acetyane WT in diverse populations across different

age groups and genders. Additionally exploring the fits of using substances like antioxidants or

enzyme inhibitors to mitigate the ne @ ic eﬂ*s of isotretinoin could be valuable, for further

4

research .

o QY
onclusion c \\

We conclude that,ora ver ose dosages of isotretinoin influence in animal neurobehavioral because of
its effect t|s as ewdenced by its effects on serotonin, acetylcholine, and the COMT enzyme.

Ackno dgm t: To vet-medicine college in university of Mosul.
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