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Abstract

Background: Topiramate, an antiepileptic drug, besides its
known effects in neurons, is a carbonic anhydrase inhibitor
and causes weight loss in treated subjects, but, the mecha-
nisms of weight loss effect have not been yet identified..
Objective: In this study, effects of topiramate on 3T3-L1
adipocyte differentiation and expressions of carbonic
anhydrase [, II, III, VA, VB were investigated to determine
possible roles of carbonic anhydrase isoenzymes and adi-
pocytes in weight loss effect of topiramate.

Material and methods: Adipocyte differentiation was
detected by Oil Red O staining. Carbonic anhydrase I, II,
111, VA, VB expressions were determined by Real-Time PCR
method.

Results: It was found that topiramate induced adipogen-
esis at all concentrations (p<0.0001). CA expressions
increased significantly with adipogenesis (p=0.0001).
Topiramate stimulated adipogenesis in 3T3-L1 cells and
reduced CA II, VA and VB and, an increased CA III expres-
sion was observed at low concentrations. CA II, VA and,

*Corresponding author: Aysegiil Siimer, Department of Nursing,
School of Health Services, Recep Tayyip Erdogan University, 53100
Rize, Turkey, e-mail: aysegul.sumer@erdogan.edu.tr. https://orcid.
0rg/0000-0002-9707-5716

Esref Edip Keha and Ahmet Alver: Department of Medical
Biochemistry, Faculty of Medicine, Karadeniz Technical University,
Trabzon, Turkey

Ahmet Mentese: Program of Medical Laboratory Techniques,
Vocational School of Health Sciences, Karadeniz Technical
University, Trabzon, Turkey

Published online April 28, 2020

VB expressions were found increased and CA III expres-
sion decreased at high topiramate concentrations.
Conclusion: It was concluded that changes in CA Il expres-
sion were consistent with its reduction in obesity, altera-
tions of CA II, VA and VB expressions could be attributed
to compensation mechanism of cells.

Keywords: 3T3-L1 cells; Adipocyte differentiation;
Carbonic anhydrase; Obesity; Topiramate.

Oz

Genel Bilgiler: Antiepileptik bir ilac olan topiramat,
noronlardaki bilinen etkilerinin yani sira, karbonik anhid-
raz inhibitérii olup tedavi alan kisilerde kilo kaybina
neden olmaktadir, ancak ilgili mekanizmalar heniiz
aydinlatilamamistir.

Amacg: Bu calismada, topiramatin 3T3-L1 adiposit farkli-
lasmasi iizerindeki etkileri ve karbonik anhidraz I, II, III,
VA, VB ekspresyonlari incelenerek bu izoenzimlerin ve
adipositlerin, topiramatin kilo kaybh1 etkisindeki olasi rol-
lerini belirlemek amaglanmistir.

Gere¢ ve Yontemler: Adiposit farklilasmasi Oil red O
boyamasi ile saptanirken, karbonik anhidraz I, II, III,
VA, VB’nin ekspresyonlar real-time PCR teknigi ile
belirlendi.

Bulgular: Topiramat tiim konsantrasyonlarda adipogenezi
artirdig1 bulunmustur (p<0.0001). Adipogenezin stimii-
lasyonunun CA ekspresyonlarini arttirdigi goriilmiistiir
(p=0.0001). Topiramatin 3T3-L1 hiicrelerinde, adipoge-
nezi uyardigi, diisiik konsantrasyonlarda CA II, VA ve VB
ekspresyonlarini azalttigi, CA III ekspresyonunu artirdigi
bulunurken, yiiksek konsantrasyonlarda CA II, VA ve VB
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ekspresyonlarinin arttirdigi, CA III ekspresyonunu ise
diisiirdiigii bulunmustur.

Sonug: CA IIl ekspresyonundaki degisim obez durumlarda
izoenzimin sentezinin azalmasiyla uyumlu bulunurken,
CA II, VA ve VB ekspresyonlarindaki degisimin hiicrede
bir telafi mekanizmasi olabilecegi kanisina varilmistir.

Anahtar  Kelimeler: 3T3-L1  hiicreleri;  Adiposit
farklilasmasi; karbonik anhidraz; obezite; topiramat.

Introduction

Obesity is a disorder that causes fat cells to increase in
number and volume with the accumulation of excessive
energy intake in adipose tissue, which in turn causes clini-
cal conditions that decrease the quality of life such as cardi-
ovascular diseases and type II diabetes [1, 2]. The increased
prevalence of obesity has led to an interest in adipose tissue
and studies in this area, as well as the search for new drug
targets for treatment such as antiepileptics [3].

Topiramate is an antiepileptic drug, approved by the
FDA in 1996, and also used for the treatment of some neu-
rological disorders such as migraine and excess feeding
disorder. Topiramate combination with phentermine
(Qysmia) was approved as an antiobesity drug by the
FDA in 2012 [4]. Topiramate has actions including GABA
transmission, inhibition of AMPA/kainate receptors and
voltage-gated sodium and calcium channels and carbonic
anhydrase inhibition. Topiramate treatment causes weight
loss in individuals that were considered as an adverse
effect [3, 4]. The mechanism has not been yet identified
and more molecular studies are needed.

Carbonic anhydrases (CA, EC 4.2.1.1.) are zinc met-
alloenzymes with 16 isoforms and catalyzes the con-
version of carbon dioxide and water to the bicarbonate
and proton. They are found in almost all organisms and
involved in the acid-base balance, bone resorption, pro-
duction of body fluids and physiological processes such
as gluconeogenesis, ureagenesis and lipogenesis and
tumor formation [5]. CA I, CA II and CA III are cytosolic
and CA VA and CA VB are mitochondrial isoenzymes. CA
I is most abundant and has less activity, CA II has the
most catalytic activity. CA III is found in adipose tissue.
Carbonic anhydrases recently have become a target new
drug development for obesity [6, 7]. CA inhibitors such as
zonisamide and topiramate have been reported useful for
the treatment of obesity [8].

This study aims to investigate effects of topiramate on
differentiation of 3T3-L1 preadipocytes and gene expres-
sion of CA isoenzymes CA I, CAII, CA III, CA VA, CA VB
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and so to determine if the weight loss effect of topiramate
is above adipose tissue or not, and reveal possible roles of
CA isoenzymes in this process.

Materials and methods

Reagents and chemicals

Topiramate, GW9662, insulin, dexamethasone, isobutyl
methyl xanthine (IBMX), biotin, [3-(4,5-dimethyl thiazole-
2-y1)]2,5-diphenyl tetrazolium bromide (MTT), Oil red O
were obtained from Sigma (St. Louis, MO, USA). Fetal bovine
serum was purchased from Biochrom (Berlin, Germany),
Dulbecco’s Modified Eagle’s Medium (DMEM) from Ameri-
can Type Culture Collection (ATCC, Manassas, VA, USA),
2-propanol from J.T. Baker (PA, USA), TriPure Isolation
Reagent and SYBR Green from Roche (Mannheim, Germany)
and cDNA synthesis kit from Promega (Madison, WI, USA).

Cell culture and differentiation

3T3-L1 cells were seeded in six-well plates with 10° cells
per well. Cells were cultured in 4 mL of DMEM with 10%
fetal bovine serum and 1% penicillin/streptomycin at 37°C
and 5% CO, and allowed to grow for 6 days. After conflu-
ence, the cells were treated with the differentiation cock-
tail containing 10 ug/mL insulin, 0.25 uM dexamethasone,
0.5 mM, IBMX, and 100 ng/mL biotin and different con-
centrations of topiramate for 2 days. GW9662 was used as
a negative control. The cells differentiated to adipocytes
approximately in 6 days.

Oil red O staining

Oil red O staining was performed according to the method
described previously [9]. The cells were washed twice with
PBS and fixed with 10% formaldehyde at room tempera-
ture for 1 h and following the incubation the wells were
washed twice with 60% 2-propanol. The cells were treated
with Oil Red O stain for 10 min and the wells were washed
with deionized water for destaining. One hundred percent
2-propanol was added to wells to remove the stain. One
millilitre of the solution was taken for spectrophotometric
analysis at 520 nm (Shimadzu UV1601, Australia). Photos
of the cells were taken in every step of the experiments
using an inverted microscope (Nikon Eclipse TS100,
Tokyo, Japan).
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Assessment of cell viability

MTT assay was used for cell viability. For the test, 1x10*
cells were cultured in 96 well plates for 24 h. Then cells
were treated with 750, 500, 250, 100, 50, 25, 10, 5, 1 uM
topiramate and 100, 50, 25, 10, 5, 1, 0.5, 0.1 uM GW9662
and incubated for 72 h. MTT with 0.25 mg/mL final con-
centration was added to all wells and DMSO was also
added to dissolve the crystals. The absorbances were
read at 570 nm in a microplate reader (Versamax, Mole-
cular Devices, CA, USA). Optical densities were used to
determine % cell viabilities using the formula [(OD of
treated group/OD of the control group) x 100] in treated
cells compared to control cells with no compound
exposure.

Gene expression experiments

TriPure isolation reagent was used for total RNA isola-
tion. The quality of RNA was detected by measuring the
0D260/0D280 ratio in NanoDrop (Thermo Scientific,
Waltham, MA, USA). RNA was converted to cDNA by the
Reverse Transcriptase method with a cDNA synthesis kit
according to the manufacturer’s instructions. CA I, CA
II, CA III, CA VA, CA VB expression levels in 3T3-L1 cells
were determined with the SYBR green method with quan-
titative RT-PCR in LightCycler 480 II (Roche, Rotkreuz,
Switzerland) device. The primers for analysis were listed
in Table 1 [10]. For the analysis, initial incubation was
performed for 5 min at 95°C, followed by 50 cycles of PCR
(95°C 10 s, 72°C, 10 s) and finally at 40°C for 10 s. Results
were calculated with an advance relative quantification

Table 1: Primer pairs used in RT-PCR protocol.

Primer Primer sequence

Carbonic anhydrase F: 5”-TTG ATG ACA GTA GCAACC - 3’
I(CAI) R: 5-CCA GTG AAC TAA GTG AAG - 3/

: 5’-CAA GCA CAA CGG ACCAGA -3’
: 5-ATG AGC AGA GGC TGT AGG - 3’

Carbonic anhydrase
I1(CA N

A M

: 5-GCT CTG CTAAGA CCATCC - 37
: 5-ATT GGC GAA GTC GGT AGG - 3’

Carbonic anhydrase
I (CA )

A m

Carbonic anhydrase F: 5’-AAC AAA GCA AGG GCATACAG - 3’
VA (CAVA) R: 5’-TGG CAC AGA GAAGTCCCACA -3’
Carbonic anhydrase F: 5’-AAT GGC TTG GCT GTG ATA GG - 3’
VB (CAVB) R: 5’-GGC GTA GTG AGA GACCCAGA -3’
B-Actin F: 5-GAG ACC TTC AACACCCC -3’

R: 5”-GTG GTG GTG AAG CTG TAG CC - 3’
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module compared to the 3-actin expression of undifferen-
tiated cells.

Statistical analysis

All results were given as meanztstandard deviation
(mean £SD). Differences between the groups were deter-
mined using the paired-samples t-test and ANOVA.
p<0.05 was regarded as significant.

Results

Cell viability results

3T3-L1 preadipocytes were treated several concentrations
of topiramate and GW9662. Results of % viability belong
to concentrations were calculated (Tables 2 and 3).

1, 5,10, 50, 100 uM concentrations of TPM and 1 uM of
GW9662 were decided to be used in the experiments.

Differentiation of 3T3-L1 cells

Oil Red O staining demonstrated that 3T3-L1 cells were
successfully differentiated to adipocytes (Figure 1).

Effects of topiramate on 3T3-L1
differentiation

According to the cell viability assay with MTT test; 1, 5, 10,
50, 100 uM concentrations of TPM were decided to be used
in the experiments. After Oil Red O staining, absorbances
of differentiated and undifferentiated cells were measured

Table 2: Effect of topiramate on cell viability.

n 3 33 33 3 3 3 3 3 3

TPM (M) 0 1 5 10 25 50 100 250 500 750 1000
Viability (%) 100 92 92 108 98 101 93 75 75 61 46

Table 3: Effects of GW9662 on cell viability.

n 3 3 3 3 3 3 3 3 3
GW9662 (UM) 0 0.1 0.5 1 5 10 25 50 100
Viability (%) 100 91 112 101 112.2 95 78 44 13
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Figure 1: Photomicrographs of cells, (10x, Nikon Eclipse TS100).
(A) New-planted 3T3-L1 cells. (B) Growing fibroblasts. (C) Conflued preadipocytes. (D) Differentiated adipocytes. Oil Red O staining
demonstrated that 3T3-L1 cells were successfully differentiated to adipocytes.

Table 4: Effects of topiramate on 3T3-L1 differentiation. at 520 nm and lipid contents of the cells were determined
(Table 4, Figures 2 and 3). There was no significant dif-
n Differentiation Topiramate Abs at 520 nm . .
M) Abs+SD ference between the topiramate treated groups in mature
adipocytes (p>0.05).
3 - - 0.39+0.01
3 + - 0.52+0.01
3 + 1 0.54+0.02
3 N 0531001 Effects of GW9662
3 + 10 0.54+0.01
3 + 50 0.6+0.01  GW9662, a PPAR vy antagonist, is an inhibitor of adipocyte
3 + 100 0.59£0.01  (ifferentiation and was used as negative control in assays.
0.7
0.6 1 -
. * % *
E 05
o
B
= 0.4
[0
2
s 0.3
£
o
%]
2 02
0.1
0 . , _ . .
Differentiation — + + + + + +
TPM (uM) — - 1 5 10 50 100

Figure 2: Effect of topiramate on 3T3-L1 differentiation at different concentrations.
*(p<0.01), compared with not differentiated cells.
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Figure 3: After differentiation and TPM treatment, photomicrographs of the effect of different concentrations of TPM on the differentiation

of 3T3-L1 cells were determined with Qil Red O staining.

(A) 0 uM, (B) 1M, (C) 5 uM, (D) 10 uM, (E) 50 M, (F) 100 uM (10x, Nikon Eclipse TS100).

Figure 4: GW9662 inhibited differentiation of 3T3-L1 cells.
(A) Not differentiated cells. (B) Differentiated cells. (C) Differentiated and treated cells with 1 uM GW9662 (10x, Nikon Eclipse T5100).

GW9662 inhibited adipocyte differentiation significantly Table5: Effects of GW9662 on 3T3-L1 cell differentiation.

(Figure 4 and Table 5).

Carbonic anhydrase (CA I; CAlll; CAll; CAVA;
CA VB) gene expressions in differentiated
adipocytes

Expression levels of the isoenzymes were calculated
with the relative quantitation method. CA I, II, III, VA,
VB expression levels were found increased 103%, 111%,
212%, 17.3%, 8.4%, respectively compared with not differ-
entiated cells (p <0.001).

n 3 3 3
Differentiation - + +
GW9662 (1 uM) - - +

Abs at 520 nm Abs+SD 0.405+0.08 0.531+0.06 0.467+0.03°

(p<0.01), compared with GW9662 untreated cells.

Effects of topiramate on carbonic anhydrase
expressions

CA Iexpressions were found significantly decreased in TPM
treated cells compared with untreated cells (p=0.0001)



126 —— Aysegiil Siimer et al.: Effects of topiramate on adipocyte differentiation and gene expression

while there was no significant difference between TPM
treated cells (p=1). CA II expressions were significantly
decreased with 1 and 5 uM TPM (p=0.0001), (Figure 6).

CA TI expression was found to be increased 10, 50 and
100 uM TPM treated cells according to 1 and 5 uM TPM
treated ones (p=0.0001), (Figure 7).

In cells treated with 1, 5, and 10 uM TPM, the expres-
sion of CA III was found to be increased. In cells treated

250
200
150

100 -

(o))
o

CA expression change (%)
*

B

0 = =
CAl CAll CAll CAVA  CAVB

Figure 5: CAisoenzyme expressions in differentiated 3T3-L1 cells
compared with not differentiated cells.

Carbonic anhydrase expressions found to be increased with the
induction of adipogenesis (*p < 0.001).
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Figure 6: Effects on CA | expression.
(*p=0.0001), compared with no TPM treated cells. (**p=0.0001),
compared with 1and 5 um.
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Figure 7: Effects on CA Il expression.
*(p=0.0001) compared with no TPM treated cells. **(p=0.0001)
compared with 1and 5 uM TPM treated cells.
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with 50 and 100 uM, CA III expression was found to be
decreased (p=0.009), (Figure 8).

While CA VA expression did not show a significant
change in cells treated with 1, 5, 10 uM TPM compared
to untreated cells, expression changes for 50 and 100 uM
were found to be increased (p=0.0001), (Figure 9).

CA VB expression decreased significantly for 1 and
5 uM TPM (p < 0.05), but the change was not significant for
10 uM (p >0.05). A significant increase was observed in cells
treated with 50 and 100 uM TPM (p =0.0001), (Figure 10).

400
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Figure 8: Effects on CA lll expression.
(*p=0.009), compared with no TPM treated cells. **p=0.009
compared with 1and 5 uM TPM treated cells.
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Figure 9: Effects on CA VA expression.
(*p=0.0001) compared with no TPM treated cells.
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Figure 10: Effects on CAVB *p<0.005, compared with no TPM
treated cells.
**p=0.0001, compared with no TPM treated cells.
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Discussion

Obesity is the most common metabolic disease in devel-
oped countries and a significant risk factor for Type
I diabetes, cardiovascular diseases and some types
of cancer. The spread of the disease accelerated the
studies on the subject and increased its importance.
Although changes in dietary habits and lifestyle seem
to be theoretically a solution in therapy, pharmacologi-
cal approaches are required in case of failure. Neverthe-
less, the drugs used for the treatment of the disease are
a limited number, their mechanisms of action are not
fully understood and they have serious side effects [11].
Obesity, a complex disease in which environmental and
genetic factors play a role, is defined in terms of cell
biology as an increased number and volume of adipo-
cytes in the adipose tissue. Many studies on the disease
aimed at the factors affecting the proliferation and dif-
ferentiation of adipocytes [12].

Topiramate is used in the treatment of epilepsy and
weight loss was reported to be observed in 6-16% of the
patients using this drug. Although the pharmacologi-
cal effects and mechanisms of the drug are well known;
the underlying cause and the mechanisms of the matter
which is regarded as a side effect have not been eluci-
dated yet. The upregulation of UCP-2 and 3 expressions
in WAT and BAT seem to be involved in this weight loss
[13]. Due to the biochemical/pharmacological properties
of the drug, its effects on energy metabolism remains
controversial [14, 15].

In this study, the effect of various topiramate concen-
trations on the differentiation of 3T3-L1 cells adipocytes
was determined with Oil Red O staining. Topiramate was
added to cells at the same time with the differentiation
cocktail. According to Oil Red O staining results, preadi-
pocytes were successfully differentiated to adipocytes
but topiramate did not affect adipogenesis in a dose-
dependent manner. There was no significant difference in
the amount of lipid accumulation in cells where the dif-
ferent concentration of topiramate was applied (p > 0.05).
These findings were not compatible with the weight loss
effect of topiramate. Administering topiramate to 3T3-L1
cells at the same time with the differentiation cocktail may
be one of the reasons explaining this fact. This solution
contains supraphysiological levels of insulin, dexameth-
asone (glucocorticoid agonist) and 3-isobutyl-1-methyl-
xanthine (phosphodiesterase inhibitor), so topiramate
concentrations might be insufficient to reduce adipogen-
esis and could not affect differentiation of preadipocytes
to adipocytes. Topiramate is known to induce greater
weight loss in obese than thin individuals [15]. It would
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be more effective if it was administered after the induc-
tion of adipogenesis. Martins et al. reported that TPM
induced lipolysis in 3T3-L1 cells, and reduce lipogenesis.
They treated the cells with topiramate for 30 min on day
10 after differentiation [16]. These results show the effect
of different application times of the drug. They mentioned
that one of the proposed mechanisms for lipogenesis
reduction can be the carbonic anhydrase enzyme inhibi-
tion, which performs the first step of de novo lipogenesis.
Since topiramate is an antiepileptic drug, in vitro studies
on the drug were mostly done in neurons and neuropro-
tective effects of topiramate were shown in the investiga-
tions [17]. Lee et al. demonstrated its proliferative effect on
chondrocytes [18]. In an in vivo study, its damage-reduc-
ing effect was shown when administered after hypoxic-
ischemic damage in newborn rats [19]. Similarly, the
neuroprotective effects of topiramate were demonstrated
in a study on newborn piglets [20]. Moreover, topiramate
was suggested to exhibit antiapoptotic feature by inhibit-
ing caspase-3 activity in kainate-induced cell death in the
mouse hippocampus [21]. Besides, topiramate may show
more systemic and complex effects when taken as a drug.
However, we have the conviction that the results obtained
were because one single type of cells was used in in vitro
tests and their interaction with other cells in the adipose
tissue as well with the cells in the other tissues and also
the effect of the drug in other tissues were ruled out.

This is the first study that evaluated carbonic anhy-
drase expressions in undifferentiated cells and differ-
entiated but not topiramate-treated cells. As a result, an
increase was observed in the expression of CA I, II, III,
VA and VB isoenzymes (p=0.0001) along with differ-
entiation, but the highest increase was in the CA III iso-
enzyme. CA III is an isoenzyme with high expression in
muscle tissue and adipose tissue, with an activity of up to
3% of CA II activity. This attracts attention to the cellular
functions of the isoenzyme rather than its catalytic func-
tion. CA III expression is known to be induced by adipo-
genesis. In obese cases, a decrease in the amount despite
increased fatty acid biosynthesis suggests its possible
role in substrate metabolism. CA III is known to regulate
adipogenesis at the level of PPARY2 gene expression. The
negative effect of CA III on PPARy2 expression was dem-
onstrated by the study indicating the increase in adipo-
genesis in CA III knock-out mice, which was attributed to
a 1000-fold increase in PPARY2 expression. The increase
in CA III expression by adipogenesis is not necessary for
terminal differentiation and may play a role in the early
phase of differentiation [22].

The increase in CA II expression can be explained by
the fact that carbonic anhydrase enzyme was the single
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source of bicarbonate anion the cells required in this
whole process of forming the adipocyte phenotype after
the cells were stimulated for adipogenesis because the
cells treated with high glucose content media and sup-
raphysiologic concentrations of insulin would increase
lipogenesis to form lipid droplets. CA II is a highly active
isoenzyme, creating metabolons with carriers on cell
membranes [22]. Since the cells are in an active process,
increasing expressions of the relevant proteins are neces-
sary for the continuation of such metabolic events.

Although the functions of CA I in fat tissue and other
tissues are not fully known, its increased expression with
the induction of adipogenesis indicates possible involve-
ment in cellular events. Because CA VA and VB are mito-
chondrial isoforms, it is concluded that the increase in their
expression is normally less than other isozymes and that the
expression of those isoenzymes increased to provide bicar-
bonate resources to the mitochondrial synthesis pathways.

Adipocytes are specialized for the storage of excess
energy in the form of triacylglycerols and the hydroly-
sis of these molecules whenever necessary, and they
also have important roles in the regulation of energy
metabolism [23]. Topiramate is an antiepileptic. Its
weight loss effect was initially seen as a side effect and
the mechanism was not fully explained. FDA approved
topiramate for obesity treatment in 2012. Its effect on
energy metabolism was also investigated but clear
results could not be obtained. Topiramate was shown
to have anorectic effects in a study on Zucker rats and
to induce thermogenesis in another study on Wistar
rats, while the mechanism is still undetermined. It was
also shown to reduce plasma leptin levels in a study on
Sprague-Dawley rats. Besides, Picard et al. examined its
effects on energy metabolism showing that it decreased
circulating glucose and insulin levels [24]. Although
there is a limited number of studies in the literature
examining the effect of topiramate on adipose tissue
and its correlation with carbonic anhydrase inhibi-
tion, there is no study investigating its relation with CA
gene expression. Supuran et al. investigated CA inhibi-
tion extensively and reported several studies about the
mechanism of inhibition and inhibitor designs [11].

CA II was shown to be associated with differentiation
in osteoclasts and its expression was induced by 1.25 (OH2)
Vit D3 [25]. CA II is induced by thyroid hormone in eryth-
roid cells, and all-trans retinoic acid increase CA II expres-
sion in monocytes and macrophages, suggesting different
hormonal sensitivities in different cell types [26]. In this
study, CA II expression decreased with 1 and 5 uM while
increased to basal levels again with 10, 50 and 100 uM of
topiramate. It was interpreted as topiramate might induce
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expression of CA II along with adipogenesis or the cell
might develop a compensation mechanism with inhibi-
tion. In obese individuals, despite increased biosynthesis
of fatty acids, adipogenesis-induced expression of CA Il is
known to decrease [6]. Topiramate-induced adipogenesis
increased the expression of CA III first. In the cells treated
with 50 and 100 uM TPM, the expression of CA III was
lower in parallel to the lipid content of the cells, which
was compatible with literature. The change in CA VA and
VB expressions can be explained by a mechanism similar
to that of CA II. However, a considerably higher increase
detected in expression concerning the basal levels sug-
gests different contributing factors.

In conclusion, we determined that topiramate did
not affect adipogenesis significantly in the differentiated
3T3-L1 cells, and the expression of CA I, II, III, VA, and VB
increased along with the induction of differentiation, and
the changes of expression of isoenzymes showed variances
in topiramate-treated cells. We have the conviction that the
effects of topiramate on adipose tissue may be mediated
through other factors rather than adipocytes. The change
in CA III expression was consistent with the literature while
the change in the expressions of CA II, VA and VB were
interpreted as a compensation mechanism in the cells.

Conflict of interest: The authors have no conflict of
interest.
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