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ABSTRACT  

Background and Aim: Acitretin is a vitamin A analogue, which is a lipophilic weak acid, less soluble in water and less 

accumulated in adipose tissue. It is also non-immunosuppressive with anti-inflammatory and anti-proliferative effects. 

Methotrexate, an inhibitor of thymidylate synthetase and dihydrofolate reductase, is a folic acid analogue. Today, 

Methotrexate, which is used in the treatment of diseases such as mycosis fungoides, pityriasis rubra pilaris, 

dermatomyositis, sarcoidosis, eczema, as well as cancer treatments, is also an anti-folate antimetabolite agent. It has also 

been used together with Acitretin in treatment. In this study, Alpha Lipoic Acid, which is a powerful antioxidant, was 

given to rats to eliminate the damage caused by free radicals that may occur as a result of Acitretin-Methotrexate 

application. Thus, it is aimed to investigate the effect of Alpha Lipoic Acid, which plays an important role in repairing 

the oxidative damage that may occur, on the polyphenol oxidase (1.10.3.1) enzyme activity in the small intestine tissue. 

Polyphenol oxidase, containing copper in its active site, is an oxidoreductase class enzyme that catalyzes the oxidation of 

phenolic compounds with molecular oxygen. 

Materials and Methods: Four study groups were formed as Control Group, Alpha Lipoic Acid Group, 

Acitretin+Methotrexate Group and Acitretin+Methotrexate+Alpha Lipoic Acid Group. The injection procedures applied 

to the rats were performed at the same time every morning and they were fasted 24 hours before the injection. Acitretin, 

Methotrexate and Alpha lipoic acid were dissolved in 0.9% NaCl and given to rats by intraperitoneal injection. Rats were 

sacrificed by cervical dislocation on the 7th day after injection. Following this, cardiac perfusion was performed and the 

small intestines were removed. The samples were first homogenized, then sonication and centrifugation processes were 

applied. After centrifugation, the obtained small intestine homogenates were used for Polyphenol oxidase activity 

determination. 

Result and Conclusion: Alpha Lipoic Acid, Acitretin + Methotrexate and Acitretin + Methotrexate + Alpha Lipoic Acid 

groups were compared with the control group. As a result, while it was observed that the Alpha Lipoic Acid group had 

almost the same activity with the Control group (1.65% activation), the Acitretin + Methotrexate group showed 10% 

activation, the Acitretin + Methotrexate + Alpha Lipoic Acid group showed 25% activation. When the Acitretin + 

Methotrexate group was compared with the Acitretin + Methotrexate + Alpha Lipoic Acid group, it was also determined 

that the Acitretin + Methotrexate + Alpha Lipoic Acid group showed 13.5% more activation. While Alpha Lipoic Acid 

did not show a significant difference in Polyphenol oxidase activity in small intestine tissue when given alone, it 

increased Polyphenol oxidase activity when given with Acitretin + Methotrexate combination. 
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Asitretin-Metotreksat Uygulanmış Ratların İnce Bağırsak Dokusunda 
Polifenol Oksidaz Aktivitesi Üzerine Alfa-Lipoik Asitin Etkileri 

ÖZET 

Amaç: Asitretin, lipofilik zayıf bir asit olan suda az çözünen ve yağ dokusunda az biriken A vitamini analoğudur. Aynı 

zamanda anti-inflamatuar ve anti-proliferatif etkili non-immünosupresifdir. Timidilat sentetaz ve dihidrofolat redüktaz 

inhibitörü olan metotreksat ise bir folik asit analoğudur. Günümüzde de kanser tedavilerinin yanında mikozis fungoides, 

pitriyazis rubra pilaris, dermatomiyozit, sarkoidoz, egzama gibi hastalıkların tedavisinde de kullanılan Metotreksat aynı 

zamanda bir anti-folat antimetabolit ajandır. Ayrıca Asitretin ile kombinasyon halinde tedavide de kullanılmaya 

başlanmıştır. Bu çalışmada, Asitretin-Metotreksat uygulaması sonucunda meydana gelebilecek serbest radikallerin neden 

olduğu hasarın giderilmesinde güçlü bir antioksidan olan Alfa Lipoik Asit ratlara verilmiştir. Böylece oluşabilecek 

oksidatif hasarı onarma da önemli rol oynayan Alfa Lipoik Asitin ince barsak dokusundaki polifenol oksidaz (1.10.3.1) 

enzim aktivitesi üzerine etkisinin araştırılması amaçlanmıştır. Aktif bölgelesinde bakır içeren Polifenol oksidaz, fenolik 

bileşiklerin moleküler oksijen ile oksidasyonunu katalizleyen oksidoredüktaz sınıfı bir enzimdir.  

Yöntem: Kontrol grubu, Alfa Lipoik Asit grubu, Asitretin+Metotreksat grubu ve Asitretin+Metotreksat+Alfa Lipoik 

Asit grubu olarak dört çalışma grubu oluşturulmuştur. Ratlara enjeksiyon işlemleri her sabah aynı saatte yapılmıştır ve 

enjeksiyondan 24 saat önce de aç bırakılmışlardır. Asitretin, Metotreksat ve Alfa Lipoik Asit % 0.9’luk NaCl’de 

çözülmüştür ve intraperitonal enjeksiyonla ratlara verilmiştir. Ratlar, enjeksiyondan sonraki 7. günde servikal 

dislokasyon ile sakrifiye edilmiştir. Bunu takiben kalp perfüzyonu işlemi yapılmış ve   ince bağırsakları çıkarılmıştır. 

Örnekler önce homojenize edildi sonra sonikasyon ve santrifüj işlemleri uygulandı. Santrifüj işleminden sonra, elde 

edilen ince bağırsak homojenatları Polifenol oksidaz aktivite tayini için kullanılmıştır.    

Bulgular ve Sonuç: Alfa Lipoik Asit, Asitretin + Metotreksat ve Asitretin + Metotreksat + Alfa Lipoik Asit grupları  

kontrol grubu ile karşılaştırılmıştır.  Bunun sonucunda Alfa Lipoik Asit grubunun Kontrol grubu ile hemen hemen aynı 

aktiviteye sahip olduğu (%1,65 aktivasyon) gözlenirken Asitretin + Metotreksat grubu %10, Asitretin + Metotreksat + 

Alfa Lipoik Asit grubunun ise %25 aktivasyon gösterdiği gözlenmiştir. Asitretin + Metotreksat grubu ile Asitretin + 

Metotreksat + Alfa Lipoik Asit grubu karşılaştırıldığında Asitretin + Metotreksat + Alfa Lipoik Asit grubunun %13,5 

daha fazla aktivasyon gösterdiği de belirlenmiştir. Alfa Lipoik Asit, tek başına verildiğinde ince bağırsak dokusunda 

Polifenol oksidaz aktivitesinde anlamlı bir fark göstermezken, Asitretin + Metotreksat kombinasyonu ile verildiğinde 

Polifenol oksidaz aktivitesini artırmıştır. 

Anahtar Kelimeler: İnce bağırsak, asitretin, metotreksat, polifenol oksidaz 
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INTRODUCTION  

Polyphenols, which are compounds containing the phenol group, have antioxidant properties. 

Therefore, they show the ability to scavenge various reactive oxygen species such as free oxygen, 

peroxynitrite, hydrogen peroxide. Phenol oxidases (PPO; 1,2-benzenediol: oxygen oxidoreductase) are 

metalloenzymes belonging to the class of oxido reductases containing Cu+2 in their active sites. These 

enzymes catalyze two activities in the presence of O2. One of the activities is the hydroxylation of o-

monophenols to o-diphenols (cresolase activity), and the other is the oxidation of o-diphenols to o-

quinones (catecholase activity). (Steffens et al., 1994; Rudrapal et al., 2022). 

Acitretin (ACT) is a retinoid (Fig.1), (Ortiz et al., 2013).  Retinoids, which have activity 

similar to vitamin A, are natural and synthetic compounds. Among the effects of retinoids; There are 

also effects such as immunological anti-inflammatory effects, induction of apoptosis and inhibition of 

tumor growth (Mehrtens et al., 2018; Ighani et al., 2019; Skillen et al., 2019). ACT, which is a 

lipophilic weak acid, is an analogue of vitamin A, which is less water-soluble and less accumulated in 

adipose tissue, and is also a non-immunosuppressive with anti-inflammatory and anti-proliferative 

effects (Zito and Mazzoni, 2022). 

 

 

Fig.1. Chemical structure of ACT (Bhuiyan and Chowdhury, 2016) 

 

ACT is used in the treatment of psoriasis and keratinization disorders. It has also been used for 

the treatment of many dermatoses such as hyperkeratotic and inflammatory dermatoses, non-

melanoma skin cancers. Since it is both a potent teratogen and embryotoxic, it has also been reported 

to be contraindicated in women who are pregnant and have high potential for pregnancy.  It is also 

used in the treatment of Alzheimer's (Holthoewer et al., 2012; Davis et al., 2013; Guenter et.al., 2017; 

Sadowska et al., 2022). 

Methotrexate (MTX; 4-amino-10-methylpteroylglutamic acid), a folic acid analogue, is also 

an inhibitor of thymidylate synthetase and dihydrofolate reductase enzymes (Fig.2), (Lagarce et al., 

2015).  In today's world, MTX; In addition to being one of the chemotherapeutic options for many 

cancer types, it is also used as an immunosuppressant in autoimmune diseases and in the treatment of 

neoplastic diseases (Braun and Rau 2009; Hannoodee and Mittal 2022). It has also been reported to be 

used in patients with organ transplantation, as it has anti-inflammatory and immunomodulatory 

activities (Chan and Cronstein, 2010).                       
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Fig.2. Chemical structure of Methotrexate (Lotfi et al., 2016) 

 

In addition to being effective in ulcerative colitis, lymphoma (non-Hodgkin type), head and 

neck epidermal tumor and treatment, it is also used in breast, small cell lung and ovarian carcinomas 

(Chande et al., 2014). It is used in the treatment of diseases such as psoriasis, eczema, systemic lupus 

erythematosus, vasculitis, mycosis fungoides, dermatomyositis, pityriasis rubra pilaris, inflammatory 

bowel disease, sarcoidosis, and non-metastatic osteosarcoma (Bedoui et al., 2019; Hannoodee and 

Mittal, 2022). The low-dose use of MTX was first proposed for the treatment of rheumatoid arthritis 

(Weinblatt et al., 1985). 

Fat and water soluble alpha-lipoic acid (ALA) is effective in preventing lipid peroxidation and 

scavenging free radicals with its strong antioxidant properties (Fig.3). ALA is required for the 

oxidative decarboxylation of pyruvate to acetyl-CoA, which bridges the gap between glycolysis and 

the citric acid cycle. It also acts as a cofactor in pyruvate dehydrogenase and α-keto-glutarate 

dehydrogenase activity in the citric acid cycle (Schmidt et al., 1994; Reed, 1998).  Since it has the 

ability to cross the blood-brain barrier, it can act as a potential brain antioxidant and a therapeutic 

agent (Shay et al., 2009, Molz and Schröder, 2017).  It has the effect of increasing the activities of 

radical scavenging enzymes and plays an important role as a cofactor that helps enzymatic nutrient 

breakdown in protein, fat and carbohydrate metabolism (Data 1995; Packer et al., 2011). It plays a role 

in the treatment of diabetic neuropathy by reducing lipid peroxidation in the nervous tissue (Kahler et 

al., 1993; Vallianou et al., 2009; Golbidi et al., 2011). 

Fig. 3. Chemical structure of Alpha-Lipoic Acid (Molz and Schröder, 2017) 

METHODS 

This study was approved by the Ondokuz Mayıs University Ethics Committee (2018/13). 

Wistar albino type male rats weighing between 200 and 250 grams were used and these rats were 

obtained from Ondokuz Mayıs University, Experimental Animal Research Center (DEHAM). They 

were fed with standard mouse food and water was given freely. 

Working groups: 

C Group : Control group, no action was taken. 

ALA Group: The group given 50 mg/kg/day ALA, 
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ACT + MTX Group: The group given 20 mg /kg /day ACT and 20 mg /kg /week)MTX, 

ACT + MTX + ALA Group: The group given 20 mg /kg /day ACT, 20 mg /kg /day MTX and 

50 mg / kg /day ALA  

In each of the groups five rats were used.  After starving for 24 hours, the rats were injected at 

the same time every morning.  ACT, MTX and ALA were resolved in 0.9 % NaCl. ACT (20 mg /kg 

/day) (An et al., 2017), MTX (20 mg /kg /week) (Jingang et al., 2017), ALA (50 mg/kg/day) (Maritim 

et al., 2003) and combinations were given to the rats as an intraperitoneal injection (i.p.) at the body 

weight dose of each. On the 7th day after the injection, the rats were sacrificed under general 

anesthesia. As general anesthesia, 50 mg/kg ketamine HCl (ketalar) and 10 mg/kg Xylazine (Rompul) 

were given. Next, the heart was perfused with 0.9% NaCl and the small intestines were removed. 

Stored at -80°C. Afterwards, the samples removed from the deep freezer were first homogenized, then 

sonication and centrifugation processes were applied. After centrifugation, the obtained small intestine 

homogenates were used for PPO activity determination. This activity determination was made 

according to the method of Hung and Boucias (1996). 

For PPO activity; 50 µL of homogenate was rapidly added to 950 µL of phosphate buffer 

solution containing 20 mM L-DOPA. Activity was determined by reading the change in absorbance at 

420 nm at 10 second intervals per minute.  As a result; one enzyme unit is defined as an increase of 

0.001 per 1 minute in the cuvette where the reaction occurs. 

Statistical analysis 

All data were evaluated using SPSS 26.0 statistical software. Since the data were not 

homogeneously distributed in the One-Way Anova test, the Games-Howell multiple comparison test 

was applied. 

RESULT 

In our study, when compared with the C group, it was observed that the ALA group had 

almost the same activity as the C group (1.65% activation), while the ACT+MTX group showed 10% 

activation compared to the C group. It was observed that the ACT+MTX+ALA group showed 25% 

activation compared to the C group. When the ACT+MTX group and the ACT+MTX+ALA group 

were compared, it was observed that the ACT+MTX+ALA group showed 13.5% activation compared 

to the ACT+MTX group (Fig.4; Fig.5).         
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Fig.4. Changes in PPO activity in the groups receiving ALA, MTX+ALA and MTX+ACT+ALA  

(* The mean difference is significant at the 0.05 level) 

 

Fig.5.  Comparison of PPO activity between ACT+MTX and ACT+MTX+ALA groups 

 

 
Table 1. Multiple Comparisons Games-Howell Test 

  

 

 Mean Difference  Std. Error Sig. 

CONTROL ALA -,0029200 ,0039449 ,877 

MTX+ACT -,0193600* ,0048754 ,038 

MTX+ACT+ALA -,0483333 ,0175929 ,253 

ALA CONTROL ,0029200 ,0039449 ,877 

MTX+ACT -,0164400 ,0054454 ,069 

MTX+ACT+ALA -,0454133 ,0177593 ,277 

MTX+ACT CONTROL ,0193600* ,0048754 ,038 

ALA ,0164400 ,0054454 ,069 

MTX+ACT+ALA -,0289733 ,0179889 ,512 

MTX+ACT+ALA CONTROL ,0483333 ,0175929 ,253 

ALA ,0454133 ,0177593 ,277 

MTX+ACT ,0289733 ,0179889 ,512 

    *. The mean difference is significant at the 0.05 level. 
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DISCUSSION  AND CONCLUSION 

In this study, it was aimed to investigate the effect of ALA, which is a powerful antioxidant in 

the elimination of damage caused by free radicals formed by ACT and MTX, and plays an important 

role in repairing oxidative damage, on the activity of  PPO enzyme in the small intestine tissue.  PPO 

is an enzyme of the oxidoreductase class, which contains copper in its active sites, catalyzes the 

oxidation of phenolic compounds with molecular oxygen. 

Wang and Tsai (2014) reported that ACT was used for 25 months for the treatment of a male 

individual with Darier's disease, and as a result, small intestine perforation developed as a result of 

severe inflammation of the small intestine of the male individual. An et al. (2017) found that when 

ACT and MTX are given together, they cause toxicity in the liver and the addition of ALA to this 

combination reduces hepatotoxicity. It has also been shown that oxidative stress caused by MTX is 

reduced by ALA (Arpag et al., 2018). In another study,  while it was observed that administration of 

ACT and MTX together increased PPO activity in the lung tissue,  administration of ALA decreased 

this activity (Athoumani et al., 2020).  The results of Shiga et al.'s (2020) studies showed that 

sequential application of methotrexate rather than a single application exacerbated mucosal damage 

and significantly induced constitutive NOS expression in ileal tissue. In addition, based on these 

results, they stated that sequential administration of methotrexate rather than a single application also 

exacerbates mucosal damage. In another study, a case of inflammatory colitis due to MTX toxicity in a 

patient with psoriasis was presented. In the known side effects of MTX; It should be kept in mind that 

there is bone marrow suppression and inflammation in the mucous membranes and follow-up is 

recommended (Kilinc et al., 2021). MTX is a drug frequently used in the treatment of rheumatoid 

arthritis (RA) as it is used in other diseases, but lymphoproliferative disorders have been reported to 

occur in patients on the MTX regimen. When such a situation is encountered, discontinuation of 

methotrexate and small intestine resection have been recommended (Nomura et al., 2021). In the 

studies of Sezgin et al. (2022), it was determined that the combination of ACT and MTX increased the 

activity of PPO in the rat brain tissue, and there was a further increase in the activity with the addition 

of ALA to this combination. 

In our study, when compared with the C group, it was observed that the ALA group had 

almost the same activity as the C (1.65% activation). It was determined that the combination of 

ACT+MTX increased PPO activity in the small intestine. Considering that ACT is an analog of 

vitamin A, we can say that it shows an antioxidant feature that triggers PPO activity thanks to this 

structure. While ALA alone did not show a significant effect in the small intestine, when added to the 

ACT+MTX combination, it showed an effect that further increased PPO activity. This is also 

supported when the MTX+ACT group is compared with the MTX+ACT+ALA group. While 

MTX+ACT showed 10% activation according to C, it was determined that it showed 25% activation 

with the addition of ALA to this group. 

In the literature, while long-term use of ACT, MTX has been shown to cause damage to the 
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small intestine, according to the results of our study, the combination of ACT+MTX showed an effect 

that increased PPO activity in the small intestine. It was observed that the activation was further 

increased with the addition of ALA to the ACT+MTX combination. On the other hand, it was 

concluded that there was no significant difference in PPO activity when ALA was given alone. 

In order to explain the behavior of  PPO activity against these substances in detail, new studies 

are recommended in which exposure time differences are created and different doses of active 

substances are applied. 
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