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Abstract. In diabetic conditions, aldose reductase (AR, EC 1.1.1.21) activity is 

significantly increased in lens, kidney and nerve tissues. Mainly in ocular and neural 

tissues increased levels of sorbitol is associated with diabetic complications such as 

retinopathy, nephropathy, neuropahty, cataract formation and also tissue damage 

via increased reactive oxygen speices. Recently, there are many studies that show 

the relationship  between this enzyme family and cancer.  Aldose reductase is 

important for the pathway and in turn has been a potential target for drug design. 

Great number of aldose reductase inhibitors (ARIs) are used for prevention or delay 

of these diabetic complications and cancer. However, effective ARIs which has 

benefits in diabetic complications are still under investigation. In this study aldose 

reductase was partially purified from bovine lens and the inhibitory effects of 16 

different indol-3-carboxyaldehyde derivatives on aldose reductase enzyme 

activities were examined by kinetic assays. These results suggested that N'-[(5-

bromo-1H-indol-3-yl)methylidene]pyridine-4-carbohydrazide showed that the 

highest inhibitory activity on AR. 

 

 

Aldose reductase (AR; EC 1.1.1.21; AKR1B1, ALD2) is the major enzyme in polyol 

pathway which is associated with abnormal glucose metabolism and diabetic 

complications [1]. There are many reports implying critical roles for AR in 

accelerating atherosclerosis, mediating ischemic myocardial and vascular injury in 

diabetes, aging, cardiomyopathy, hypertension etc. [2-5].  AR is characterized with 

hyperglycemia which cause to development of secondary diabetic complications that 

microvascular (cataract, diabetic retinopathy, neuropathy and nephropathy) and 
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macrovascular (cardiovascular, peripheral arterial and cerebrovascular) diseases [2-

5]. 

Furthermore, some researches indicated that there is overexpression of AR in several 

human cancer tissues such as breast, cervix, ovary and rectum [6,7]. AR mediates  

oxidative stress-induced signals that increase inflammatory products in the 

vasculature of organs [8,9]. This might trigger the angiogenic process in cancer 

endothelial cells [10], which play a significant role in apoptosis, cell proliferation, 

metastasis and angiogenesis [11]. Several experimental data propose that inhibition 

of AR can prohibit ROS which produced by growth factors-, chemokines-, 

cytokines- and hyperglycemia via inhibition of redox-sensitive transcriptions 

factors, NF-κB and AP-1 activation [12,13]. AR inhibitors (ARIs) can provide 

therapeutic potential in cardiovascular diseases associated with diabetes, myocardial 

injury, aging and can prevent cancer growth and metastasis [14-16].  ARIs have been 

shown to anticipate the progress of retinopathy, cataracts, neuropathy and 

nephropathy. Therefore, these complications develop the idea of improving several 

ARIs [17,18].  

 

ARIs are divided into two groups such as; carboxylic acid and hydantoin [19]. These 

sub-groups are known to interact with the hydrophilic and hydrophobic sites of AR 

[20-23]. Effects of some indole derivatives on AR are studied to prevent and/or delay 

the formation of cataract and other complications also effecting on the various cancer 

tissues and being alternative to the other ARI’s. Miyamoto [24] has found that an 

indole acetic acid derivative showed more than 40% inhibition of AR at a 

concentration of 15 µg/mL. After subsequent lead optimization study based on the 

predicted docking mode, approximately 20-fold increase was achieved in inhibitory 

activity of the indole derivative. A large range of structurally different compounds 

have been studied as potential in vitro ARIs [24-27]. However, with few exceptions, 

these compounds did not show a significant clinical benefit.  

Epalrestat was developed in 1983 [28] and this is the only ARI approved as a 

therapeutic drug for clinical treatment of diabetic neuropathy. Tolrestat was 

improved as a strong ARI, however it was withdrawn for the reason of liver toxicity 

[29].  Previous research showed that carboxylic acid containing ARIs zenarestat [30], 

zopolrestat [31], and ponalrestat [32] have renal toxicity and they were withdrawn 

from clinical trials due to lack of efficacy [33-35]. Lidorestat has poor tissue 

penetration [36]. So far only fidarestat and ranirestat have been recognized as 

potential ARIs in diabetic complications [37]. 
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(c)  (d)  
Figure 1. Epalrestat (a), lidorestat (b), ranirestat (c) andsynthesisedindole-3-

phenylhydrazinylidene derivative (d) [40]. 

 

We have been studying on the ARIs and the antioxidant properties of indole 

derivative compounds for more than a decade [25, 38-41]. In this study, the effects 

of indol-3-carboxaldehyde derivatives which were described previously [42] were 

examined for the inhibition of bovine lens AR in vitro. Moreover, the new substitute 

indole derivatives was designed as the inhibitor of AKR1B1. Sixteen  indole 

derivatives (including indole-3- phenylhydrazinylidene, of indole-3-ylmethylidene 

and indole-3,3'- bis(1H-indole) derivatives) were synthesized and evaluated to 

understand the AR inhibitor capacities. 

2. Materials and Methods 
2.1. Subjects 

 

Sixty bovine lenses were used for experiments. They were obtained from Haymana 

slaughterhouse and received standard diet. Bovine eyes were frozen at -80 °C. AR 

enzyme was isolated from the lens tissues and the enzyme activity was determined 

with the following isolation method. All the enzyme experiments were performed in 

triplicate. The research was conducted in accordance with the internationally 

accepted principles for laboratory animal use and care as found in European 

Community guidelines. 
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2.2. Isolation of Aldose Reductase Enzyme from Bovine Lens 

 

Sixty bovine lenses were thawed on ice and homogenized with 3 volumes of distilled 

water. Homogenate were centrifuged at 10,000 X g for 20 min as indicated in 

Schema 1 [39, 43]. At the end of last centrifugation (as indicated in schema) the 

pellet was collected and dissolved in 0.05M NaCl before use for enzyme assay.  

 

2.3. Determination of protein concentration 

 

Protein concentration was measured by the method of Bradford [44] using bovine 

serum albumin as a standard. 

 

2.4. Determination of Aldose Reductase Activity 

 

AR enzyme activity of the freshly prepared supernatant was assayed 

spectrophotometrically. The activity was determined by the decrease in NADPH 

concentration at 340 nm by a UV-1700 Visible spectrophotometer [39,45]. The 

enzyme was dissolved in 5 ml 0,05 M NaCI solution. Then 0,1 ml of this solution 

was added to a quartz cuvette which contains 0.1 ml phosphate buffer (0,067 M, 

pH:6,2), 0,1ml NADPH (2 x 10-5 M final concentration), 0,1 ml of the test drug (10-

4 M solutions prepared in 50 % DMF and 50 % methanol) and 2,5 ml distilled water 

to obtain final volume 2,9 ml solution. The reaction was initiated by the adding of 

0,1 ml DL-glyceraldehyde (5 x 10-5 M final concentration) to the cuvette and the 

decrease in NADPH concentration was recorded at 340 nm for 5 min  at 37 oC. The 

readings were taken at the intervals when the changes in absorbance were linear. The 

results represent three individual experiments. 
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Figure 2. Schematic presentation of AR isolation from bovine lens. 

 
3. Results and Discussion 

 

The in vitro AR inhibition results obtained by indole derivatives are represented in 

Table 1, 2 and 3. The enzyme activity was assayed by spectrophotometrically 

monitoring NADPH oxidation which accompanies the reduction of D-L-
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glyceraldehyde substrate. The inhibition study was performed at 10-4 M 

concentration of each compound. 

 

The highest inhibition values were found in compounds 7, 10 and 14 with inhibition 

25.49 ± 5.01 %, 23.08 ± 10.99 % and 43.0 ± 3.49 % respectively. These three 

compounds have Br atom on the 5th position of the indole ring. Surprisingly, 

compound 2 which does not contain Br on the indole ring but it contains Br atom on 

the phenyl side chain. However, compound 2  did not show inhibition.  These results 

clearly indicated that the halogen substitution on the indole ring increased inhibition. 

 

 
Table 1. Bovine lens AR inhibition activity of indole-3- phenylhydrazinylidene 

derivatives 

 

N
H

N

NH

R

R
1

R
2

 

Compounds R R1 R2 Inhibition 

(%) 

1 3-[(2-phenylhydrazinylidene)methyl]-1H-indole H H H No inhibition 

2 3-{[2-(4-bromophenyl)hydrazinylidene] methyl}-1H-

indole 

H Br H No inhibition 

3 3-{[2-(4 fluorophenyl)hydrazinylidene]methyl}-1H-

indole 

H F H 3.42 ± 2.59 

4 3-{[2-(4-chlorophenyl)hydrazinylidene] methyl}-1H-

indole 

H Cl H No inhibition 

5 3-{[2-(3,4-dichlorophenyl)hydrazinylidene] methyl}-

1H-indole 

H Cl Cl No inhibition 

6 5-Bromo-3-[(2-phenylhydrazinylidene)methyl]-1H-

indole 

Br H H No inhibition 

7 5-Bromo-3-{[2-(4-bromophenyl) hydrazinylidene] 

methyl}-1H-indole 

Br Br H 25.49 ± 5.01 
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8 5-Bromo-3-{[2-(4-fluorophenyl) 

hydrazinylidene]methyl}-1H-indole 

Br F H No inhibition 

9 5-Bromo-3-{[2-(4-

chlorophenyl)hydrazinylidene]methyl}-1H-indole 

Br Cl H 0.43 ± 11.51 

10 5-Bromo-3-{[2-(3,4-

dichlorophenyl)hydrazinylidene]methyl}-1H-indole 

Br Cl Cl 23.08 ± 10.99 

 

 

 
Table 2. Bovine lens AR inhibition activity of indole-3-ylmethylidene derivatives 

N
H

N

NH

R

A

O

R
4

 

 

Compounds 

R R4 A Inhibition 

(%) 

11 N'-[1H-indol-3-ylmethylidene]-4-

methoxybenzohydrazide 

H OCH3 C No inhibition 

12 N'-[1H-indol-3-ylmethylidene]pyridine-4-

carbohydrazide 

H - N 2.16 ± 6.05 

13 N'-[(5-bromo-1H-indol-3-yl)methylidene]-4-

methoxybenzohydrazide 

Br OCH3 C No inhibition 

14 N'-[(5-bromo-1H-indol-3-

yl)methylidene]pyridine-4-carbohydrazide 

Br - N 43 ± 3.49 
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Table 3. Bovine lens AR inhibition activity of indole-3,3'- bis(1H-indole) derivatives 

N
H

R
5

N
H

N

N

R

 

Compounds R R5 Inhibition 

(%) 

15 3,3'-[hydrazine-1,2-diylidenedimethylylidene]bis(1H-

indole) 

H H No inhibition 

16 3,3'-[hydrazine-1,2-diylidenedimethylylidene]bis(5-

bromo-1H-indole) 

Br Br No inhibition 

 

Compounds which have izonicotinoyl hydrazone side chains (compounds 12 and 14) 

showed interesting results. Compound 14 which is a 5 bromo derivative showed the 

highest inhibitory result as 43.0 ± 3.49 % while compound 12 has very slight 

inhibition rate as 2.16 ± 6.05%.   

 

Research showed that three regions play important role on the AR for the interaction 

with drug molecules. These are basically a substrate site, a nucleotide fold, and an 

inhibitor site (2). The compounds have possessed the essential structural requisites 

(an acidic proton, hydrogen-bond acceptor groups and an aromatic moiety) for AR 

inhibition (32, 8). In our study, most likely the compounds which has more 

electronegative property lead to establishment of hydrogen bonds with side groups 

of Tyr, His and Trp amino acids at active site of AR. Also, aromatic-aromatic 

interactions establishment between the aromatic groups at active site and at the 

synthesized compounds increased the inhibition. Drug development studies on 

inhibiting AR requires further experiments on analyzing the structure-activity 

relationships of the synthesized compounds to reach a target molecule. 
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4. Conclusion 

 

AR activity significantly increases in several tissues in diabetic conditions. 

Consequently, ARIs are main therapeutic targets in prevention and delaying 

progression of several diseases including diabetes and cancer. Indole-3-

phenylhydrazinylidene, indole-3-ylmethylidene and indole 3-3’-bis(1H-indole) 

derivatives have been screened for their AR inhibitory activities. N'-[(5-bromo-1H-

indol-3-yl)methylidene]pyridine-4-carbohydrazide showed the highest inhibitory 

activity against bovine AR enzyme. Further experimental analysis is necessary to 

reveal the inhibition mechanisms of the synthesized molecules and their beneficial 

effects. 
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