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Summary

Introduction: Aldose reductase (AR) is an enzyme that catalyzes the reduction of glucose to sorbitol re-
sponsible for the development of diabetic complications like cataracts. Medicinal plants contain several 
phytocompounds that can inhibit this enzyme. 
Objective: The purpose of this review is to cite medicinal plants that have been tested for their ability to 
inhibit aldose reductase and consequently prevent cataracts and classify the major isolated compounds that 
have this activity. 
Methods: We reviewed 154 articles published between 1954 and 2020 in English via three databases: 
ScienceDirect, Web of Science, and PubMed. We have classified the plants that showed a significant 
anti-cataract effect, in the form of a list including the scientific and family names of each plant. Also, 
we have cited the IC50 values and the active constituents of each plant that showed inhibitory activity 
towards AR. 
Results: We have described 38 herbs belonging to 29 families. Besides, 47 isolated compounds obtained 
from the cited herbs have shown an AR inhibitory effect: luteolin, luteolin-7-O-β-D-glucopyranoside, api-
genin, 3,5-di-O-caffeoyl-epi-quinic acid, delphinidin 3-O-β-galactopyranoside-3’-O-β-glucopyranoside, 
3,5-di-O-caffeoylquinic acid methyl ester, andrographolide, 1,2,3,6-tetra-O-galloyl-β-D-glucose, 
1,2,4,6-tetra-O-galloyl-β-D-glucose, 7-(3-hydroxypropyl)-3-methyl-8-β-O-D-glucoside-2H-chromen-2-
one, E-4-(60-hydroxyhex-30-en-1-yl)phenyl propionate, delphinidin 3-O-β-galactopyranoside-3’,5’-di-
O-β-glucopyranoside, 1,2,3-tri-O-galloyl-β-D-glucose, 1,2,3,4,6-penta-O-galloyl-β-D-glucose, 1,2,6-tri-
O-galloyl-β-D-glucose, 2-(4-hydroxy-3-methoxyphenyl)ethanol, (4-hydroxy-3-methoxyphenyl)metha-
nol, trans-anethole, gallic acid 4-O-β-D-(6’-O-galloyl)-glucoside, β-glucogallin, puerariafuran, quercetin, 
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gallic acid 4-O-β-D-glucoside, 2,5-dihydroxybenzoic acid, 4-(4-hydroxy-3-methoxyphenyl)-2-butanone, 
protocatechuic acid, trans-cinnamic acid, gallic acid, p-coumaric acid and syringic acid.
Conclusion: natural therapy becomes an interesting alternative in the treatment and prevention of cata-
ract by using medicinal plants rich in active compounds considered as AR inhibitors.

Key words: aldehyde reductase, diabetic complications, cataract, medicinal plants, phytochemicals, 
flavonoids
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Figure 1. 

Glucose metabolism via polyol pathway 
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Glucose metabolism via polyol pathway

In this work, we reviewed 154 articles published in 
English between 1954 and 2020, collected via Pub-
Med, Web of Science, and ScienceDirect databases, 
using the following keywords: “aldehyde reductase”, 
“cataract”, “diabetic complications”, “medicinal plants”, 
“bioactive compounds” and “phytoconstituents”. 

PLANTS WITH AR INHIBITORY  
ACTIVITY

Aegle marmelos (Rutaceae)

Aegle marmelos tree is used traditionally in some 
countries, mainly in India, to treat several diseases 
like diabetes and stomachic complications [12]. It 
is used as an antidote against snake venom and as 
a haemostatic agent [13, 14]. The ethanolic extract 
(EE), water extract (WE), and chloroform extract 
(ChE) of the fruit pulp of this plant are used to 

INTRODUCTION

Diabetes mellitus is a  common metabolic disease 
that is characterized by chronic hyperglycaemia 
due to relative or absolute deficit in insulin secre-
tion and/or insulin action as well as disturbances of 
carbohydrate, fat and protein metabolism [1]. The 
International Diabetes Federation (IFD), estimated 
that diabetes affected 425 million of the global adult 
population in 2017. It is also predicted that in 2045, 
629 million people will be suffering from diabetes 
[2]. In Morocco, this metabolic disease is a  public 
health problem. According to statistics obtained 
from Moroccan health ministry, over 2 million peo-
ple are diabetics. 

Diabetes mellitus caused severe complications 
such as nephropathy, neuropathy and cardiovascu-
lar problems [3], that if left untreated could lead to 
death [4]. In addition, diabetes is known as the main 
cause of vision problems in person with diabetes. 
Indeed, cataract is the most common complication 
responsible for blindness in the world [5]. It is due 
to the accumulation of sorbitol in the eyes,and as 
a consequence the transformation of glucose by the 
enzyme AR to alcoholic sugar, sorbitol [6-8] with 
the oxidation of NADPH to NADP+ in the polyol 
pathway (fig. 1) [9]. Therefore, many studies and lit-
erature that focus on cataract have shown that the 
progression of this complication can be prevented 
or slowed down by the use of plants which contain 
several phytocompounds enabling to inhibit AR [8] 
especially those rich in flavonoids and having an an-
tioxidant effect [10]. As a result of this inhibition, the 
concentration of sorbitol decreases by blocking the 
AR in lens cells of diabetic animals [11]. This work 
aims to show some plants which have been tested for 
their ability to inhibit AR and then prevent cataract. 
For that, we reviewed various publications on this 
subject in databases, including ScienceDirect, Web 
of Science and PubMed.
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investigate their anti-AR activity using DL glycer-
aldehyde as substrate [15]. The anti-cataract effect 
was assessed by using the “sugar-induced lens opac-
ity model” in the bovine. The results of this work, 
showed that WE exhibited the highest AR inhibi-
tory effect (IC50=0.403 mg/ml) as compared with 
quercetin (IC50=0.082 mg/ml) followed by EE (IC50= 
0.766 mg/ml) and then ChE (IC50=0.810 mg/ml). The 
experiment showed also that A. marmelos has an an-
tioxidant effect and WE contain the highest amount 
of flavonoids (10 mg/g), vitamin C (1212 mg/100g), 
and phenolic compounds (325 mg/g) [16]. Another 
study was performed on the leaf part of this plant has 
shown that the ethyl acetate fraction can inhibit AR 
activity in rats with an IC50 value of 15 µg/ml [17]. 
So, A. marmelos could be used as natural source of 
substances preventing cataract formation.

Alangium lamarckii Thwaites (Cornaceae)

Alangium lamarckii Thwaites is found widely in 
South India. Therapeutically, it is used as a  nutri-
tive, tonic, anti-diabetic, antibacterial, antifungal, 
analgesic and anti-inflammatory agent [18-21]. An 
alcoholic extract of the leaves part of this plant was 
assessed by its inhibitory activity against AR; using 
the procedure described by Hayman and Kinoshita., 
1965  [6]. In the experiment, DL glyceraldehyde was 
used as substrate and various concentrations of the 
extract were carried out (25 µg/ml to 300 µg/ml). 
The experiment results showed that A. lamarchkii 
possess an inhibitory effect on AR with an IC50 value 
of 106.00 ± 5.11 µg/ml as compared with quercetin 
(IC50=2.95 µg/ml) [22]. Besides, the phytochemi-
cal study of this fraction showed the presence of an 
important quantity of phenol (150.62 mg/g), tannin 
(77.63 mg/g), and alkaloids (1.11% w/w) [23]. So, 
A. lamarckii could be used as natural source of sub-
stances preventing cataract formation.

Andrographis paniculata (Acanthaceae)

Andrographis paniculata is a  medicinal plant with 
several health benefits. It has antidiabetic [24], anti-
hypertensive [25], hepatoprotective [26], anticancer 
[27], immunomodulatory [28], antimalarial [29], 
anti-inflammatory, and antioxidant effects [30]. 
The standardized and methanolic extracts obtained 
from the aerial part of the plant and the major con-
stituents of the plant were investigated against AR 
activity; using DL glyceraldehydes as substrate. The 

experiment results showed that both extracts and 
andrographolide (a major constituent) had an effec-
tive inhibitory activity towards AR with IC50 values 
of 22.65, 28.79, and 0.46 µg/ml, respectively, in rat 
lens [31]. So, A. paniculata and its major constitu-
ents could be used as natural source of substances 
preventing cataract formation.

Aralia elata (Araliaceae)

Aralia elata is native to eastern Russia, China, Ko-
rea, and Japan. It has anti-diabetic, hepatoprotective, 
anti-inflammatory, anti-cancer, cardioprotective, and 
gastroprotective properties [32]. The WE of A. elata 
was examined against AR inhibitory activity in vitro 
in rat lenses using the method described by Das and 
Srivastava (1985). DL glyceraldehyde was used as 
a substrate. The anti-cataract effect of two doses of the 
extract (300 or 600 mg/kg) was tested using sugar-in-
duced cataract in rats. The experiment results showed 
that the extract has significant inhibitory activity on 
AR with an IC50 value of 11.3 µg/ml. Furthermore, the 
administration for 11 weeks of the extract was able to 
reduce respectively the cataract formation by 15 and 
12% [33]. A. elata could be used as natural source of 
substances preventing cataract formation.

Azadirachta indica (Meliaceae)

Azadirachta indica is a medicinal plant that is used 
widely in Africa and Asia to treat diabetes, hyperten-
sion, urinary tract, gastrointestinal disease, ulcers, 
and hair problems. Besides, Indian and Nigerian 
populations use it against malaria [34]. Aqueous ex-
tract of A. indica was evaluated by its inhibitory activ-
ity against AR in vitro; using the method described 
by Hayman and Kinoshita  [6]. In the experiment, DL 
glyceraldehyde was used as substrate and six dilutions 
were carried out: 25, 50, 75, 100, 200, and 300 µg/ml. 
The results showed that the extract inhibits the AR 
at a dose of 200 µg/ml with an IC50 value of 57 µg/ml 
[5]. A. indica could be used as natural source of sub-
stances preventing cataract formation.

Buddleja officinalis (Buddlejaceae)

Buddleja officinalis is a shrub tree distributed widely 
in the temperate regions of Africa, Asia, and Ameri-
ca. It is used in folk Korean medicine to treat head-
aches, stroke, and neurological diseases. It contains 
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a lot of secondary metabolites such as flavonoids, ter-
penoids, and saponins [35]. A methanolic extract of 
the plant flower shows an important inhibitory effect 
against AR activity with an IC50 value of 1.3 µg/ml. 
Furthermore, among flavonoids isolated from the 
plant that were evaluated against this enzyme and 
showed an effective activity, there are luteolin, luteo-
lin 7-O-β-D-glucopyranosides, and apigenin. These 
constituents characterized by IC50 values of 0.21, 0.28, 
and 0.58 µM, respectively [36]. B. officinalis and its 
active compounds could be used as natural source of 
substances preventing cataract formation.

Ceasalpinia digyna (Leguminoseae)

Caesalpinia digyna is a  shrub growing in eastern 
Himalaya. It exhibits anti-fatigue, astringent, hy-
poglycaemic, and antioxidant properties [37]. Ber-
genin is an active constituent that is isolated from its 
root. It possesses anti-diabetic, anti-obesity, hepato-
protective, antiulcer, antioxidant, and antiviral ac-
tivities [38]. Moreover, the other compounds found 
in this plant are caesalpinine A, gallic acid, ellagic 
acid, tannins, cellallocinnine, bonducellin and in-
tricatinol [39]. An alcoholic extract of the root part 
of this plant was assessed by its inhibitory activity 
against AR; using the procedure described by Hay-
man and Kinoshita [6]. In the experiment, DL glyc-
eraldehyde was used as substrate and various con-
centrations of the extract were carried out: 25 µg/ml 
to 300 µg/ml. The experiment results showed that 
C. digyna has a potent inhibitory effect against AR 
with an IC50 value of 46.29±11.17 µg/ml as com-
pared with quercetin (IC50=2.95 µg/ml) [22]. C. dig-
yna could be used as natural source of substances 
preventing cataract formation. 

Cassia fistula (Caesalpiniaceae)

Cassia fistula is an annual shrub that grows in tropi-
cal countries as China, Pakistan, Bangladesh, and 
India. It has anti-diabetic, hypo-lipemic, hepatopro-
tective, antioxidant, anti-inflammatory, antifungal, 
antibacterial, anti-microbial, anti-parasitic, anti-
tumour, anti-ulcer, and anti-tussive properties [40]. 
EE, WE, and ChE obtained from the fruit pulp of 
C. fistula were evaluated by their ability to inhibit AR 
enzyme and anti-cataract activity in rat lenses, us-
ing sugar-induced lens opacity in rat. The obtained 
results showed that the ethanolic fraction exhibited 

a  significant anti-cataract effect and it has potent 
inhibitory activity against AR (IC50=0.154 mg/ml). 
Moreover, the results indicated the presence of 
3787.5 mg/100 g of vitamin C [41]. C. fistula could 
be used as natural source of substances preventing 
cataract formation. 

Catharanthus roseus (Apocynaceae)

Catharanthus roseus is a medicinal herb that is used 
traditionally in several countries in cuisine and in 
the treatment of diabetes [42]. The anti-diabetic ef-
fect of C. roseus was confirmed by some research-
ers [43]. EE, WE, and ChE of the leaves plant are 
used to evaluate their activity against AR by in-
volving the method described by Suryanarayana 
et al. [15], using DL glyceraldehydes as substrate. 
The experiment also aims to investigate the anti-
cataract effect employing the “sugar-induced lens 
opacity model” in the bovine. Moreover, the anti-
oxidant effect was studied to confirm the preven-
tive effect of different extracts against cataract. The 
results of this work, showed that EE characterized 
by a high AR inhibitory effect (IC50=0.300 mg/ml) 
followed by WE (IC50=0.342 mg/ml) and then ChE 
(IC50=0.820 mg/ml) as compared with quercetin 
(IC50 = 0.082 mg/ml). The experiment showed also 
that C. roseus has an antioxidant effect and EE, WE, 
ChE contain respectively 6.5, 4, and 1.25 mg/g of 
flavonoids, 80, 130, and 10 mg/g of phenolic com-
pounds. Indeed, it was found that water extract 
contained 2121 mg/100 g of vitamin C. HPLC as-
say showed the presence of 461.5 µg/mg of rutin in 
EE [16]. C. roseus could be used as natural source of 
substances preventing cataract formation.

Cornus officinalis (Cornaceae)

Cornus officinalis is a tree distributed widely in Chi-
na, Korea, and Japan. It possesses anti-diabetic, anti-
inflammatory, analgesic, antibacterial, antioxidant, 
neuroprotective, anti-tumour, cardioprotective, and 
hepatoprotective effects [44]. Ethyl acetate fraction 
of C. officinalis seeds contains six galloyl glucoses: 
1,2,3-tri-O-galloyl-β-D-glucose (C1), 1,2,6-tri-O-
galloyl-β-D-glucose (C2), 1,2,3,6-tetra-O-galloyl-β-
D-glucose (C3), 1,2,4,6-tetra-O-galloyl-β-D-glucose 
(C4), 1,2,3,4,6-penta-O-galloyl-β-D-glucose (C5), 
tellimagrandin II (C6) and two phenolic acids: gal-
lic acid 4-O-β-D-glucoside (C7), and gallic acid 
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4-O-β-D-(6’-O-galloyl)-glucoside (C8). These 
compounds were evaluated by their ability against 
AGE formation and by their effect on AR; using 
DL glyceraldehyde as substrate. The results showed 
that galloyl glucoses had a potent inhibitory activ-
ity on AR and AGE formation than phenolic acids. 
C3 had a highest inhibition on AR (IC50=0.70 µM), 
followed by C4 (IC50=0.76 µM), C6 (IC50=0.90 µM), 
C5 (IC50=1.92 µM), C1 (IC50=2.35 µM), C2 (IC50=4.01  
µM), C8 (IC50=11.77 µM) and then C7 (IC50= 
82.74 µM). IC50 values of AGE formation were 
0.80 µM for C4, 0.87 µM for C5, 0.90 µM for C6, 
1.89 µM for C2, 1.99 µM for C3, 2.81 µM for C1, 
42.6 µM for C8 and >150.6 µM for C7 [45]. C. of-
ficinalis and its active compounds could be used as 
natural source of substances preventing cataract for-
mation.

Corydalis turtschaninovii (Papaveraceae)

Corydialis turtschaninovii tuber is a medicinal plant 
used in China to treat eye diseases, myopia and 
exhibits an anti-platelet aggregation properties. 
Methanolic and aqueous extracts of the tuber plant 
were evaluated against AR inhibition using glyceral-
dehydes as a substrate. Also, the alkaloidal fraction 
obtained from the methanolic extract was also in-
vestigated. The results showed that the methanolic 
extract had an effective inhibitory activity against 
AR. However, the aqueous extract was unable to in-
hibit this enzyme. Concerning the alkaloidal com-
ponents, seven constituents were isolated and just 
one of them shows an ability to inhibit AR: dehy-
drocorydaline [46]. C. turtschaninovii and its active 
compound could be used as natural source of sub-
stances preventing cataract formation.

Crataegus pinnatifida (Rosaceae)

Crataegus pinnatifida tree distributes extensively in 
China. Its leaves are used therapeutically as antihy-
pertensive, gastroprotective, anti-inflammatory, anti-
microbial, antioxidant agent and to improve cardiac 
function [47-49]. Flavonoid fraction of C. pinnatifida 
leaves was investigated against AR activity; using DL 
glyceraldehyde as substrate, and the anti-cataract ef-
fect was evaluated in vivo in selenite-induced cataract 
in rats. The activity was determined according to the 
method described by Matsuda H et al. [50]. The re-
sults showed that the extract significantly inhibits AR 
with an IC50 value of 89.7 µg/ml [51]. C. pinnatifida 

could be used as natural source of substances pre-
venting cataract formation. 

Curcuma longa (Zingiberaceae)

Curcuma longa is used as a spice in cooking; it has 
several pharmacological and therapeutic actions 
like anti-diabetic, vasodilatory, anti-inflamma-
tory, anti-oxidant, anti-bacterial, antifungal, and 
anti-Alzheimer effects [52-55]. Aqueous extract of 
C. longa was tested by its inhibitory activity against 
AR in vitro; using the method described by Hayman 
and Kinoshita, 1965 [6]. In the experiment, DL glyc-
eraldehyde was used as substrate and six dilutions 
were carried out: 25, 50, 75, 100, 200, and 300 µg/ml. 
The results showed that the extract inhibits the AR 
at a dose of 300 µg/ml with an IC50 value of 55 µg/ml 
[5]. Curcumin is the active constituent that is isolat-
ed from C. longa. It is demonstrated that this com-
pound can inhibit AR in the bovine lens [56]. C. lon-
ga as well as curcumin could be used in preventing 
cataract formation.

Dendrobium chrysotoxum (Orchidaceae)

Dendrobium chrysotoxum is a medicinal plant used 
in China. It has anti-diabetic, anti-inflammatory, an-
titumor and antioxidant activities [57, 58]. Gigantol 
is a constituent isolated from the ethanolic extract 
of the part of the stem of D. chrysotoxum. The effect 
of this isolated compound was tested against AR us-
ing a human lens epithelial cell model. Besides, the 
interaction of gigantol with AR gene expression was 
determined by a  reverse transcription-polymerase 
chain reaction, UV-visible spectroscopy, atomic 
force microscope, and surface enhanced-Raman-
spectroscopy. The experiment results showed that 
gigantol is characterized by a potent inhibitory ac-
tivity on AR (Binding constant = 1.85×103 l/mol). It 
can stop AR gene expression [59]. Gigantol extract-
ed from D. chrysotoxum could be used in preventing 
cataract formation. 

Eleusine coracana (Poaceae)

Eleusine coracana widely cultivated in Africa and 
South Asia. It has beneficial nutritious properties. 
It contains protein, dietary fibre, minerals, phenolics, 
and calcium [60]. Therapeutically, this plant possesses 
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anti-diabetic, anti-diarrheal, antiulcer, antioxidant, 
antimicrobial, anti-inflammatory, antitumorigenic, 
and atherosclerogenic effects [60]. Furthermore, 
the phenolic constituents isolated from E. coracana 
were evaluated against AR activity, using DL glycer-
aldehyde as substrate. In fact, nine constituents were 
isolated: gallic acid (C1), protocatechuic acid (C2), 
p-hydroxy benzoic acid (C3), p-coumaric acid (C4), 
vanillic acid (C5), syringic acid (C6), ferulic acid 
(C7), trans-cinnamic acid (C8) and quercetin (C9). 
The results showed that C9 has a  potent inhibitory 
activity on AR with IC50 values of 25.23 µg/ml, fol-
lowed by C2 (IC50=42.7 µg/ml), C8 (IC50=68.1 µg/ml), 
C1 (IC50=97.3 µg/ml), C4 (IC50=162.31 µg/ml) and 
C6 (IC50=172.1 µg/ml). The other compounds did not 
show any inhibition activity [61]. E. coracana and its 
active compounds could be used in preventing cata-
ract formation. 

Emblica officinalis (Euphorbeaceae)

Emblica officinalis is known as “Amla” is a medicinal 
plant that possesses several beneficial properties like 
anti-diabetic, anti-hyperlipidaemic, antioxidant, anti-
inflammatory, antimicrobial, immunomodulatory, 
anticancer, and adaptogenic [62].

Aqueous extract obtained from E. officinalis fruit 
was evaluated by its inhibitory activity against AR in 
vitro, using recombinant human purified AR and rat 
lens. DL glyceraldehyde was used as substrate and 
the assay was performed according to the method 
described by Hayman and Kinoshita [6]. Tannoids 
isolated from the extract were also studied against 
this enzyme and lens organ culture of the rats in 
the osmotic stress. The experiment results showed 
that the extract can inhibit AR with IC50 values of 
0.88 and 0.72 mg/ml, respectively, and hydrolysable 
tannins are the compounds that are responsible for 
this effect. They can inhibit the enzyme with IC50 of 
10 µg/ml in humans and 6 µg/ml in rat lens [15]. 
E. officinalis could be used as natural source of sub-
stances preventing cataract formation.

β-glucogallin or 1-O-galloyl-β-D-glucose is 
a  major compound isolated from the aqueous ex-
tract of E. officinalis fruit. It had potent inhibitory 
activity against human AR, in vitro, with an IC50 val-
ue of 17 µM. The test ex vivo that was performed, 
using transgenic mice over-expressing human AR 
in the lens, showed that β-glucogallin is able to 
inhibit effectively the accumulation of sorbitol by 
a percentage of 73% at an IC50 value of 30 µM [9]. 
β-glucogallin extracted from E. officinalis could be 
used in preventing cataract formation.

Erigeron annuus (Compositae)

Erigeron annuus is a herb found in China and Korea. 
It has a lot of traditional uses as indigestion, enteri-
tis, epidemic hepatitis, and haematuria remedy [63]. 
Furthermore, sixteen constituents that were isolated 
from E. annuus stem and leaves were examined on 
AGE formation and against AR activity; using DL 
glyceraldehyde as substrate. The results showed that 
among those compounds, 3,5-di-O-caffeoyl-epi-
quinic acid has the most inhibitory action toward 
AGE formation and AR in rat lenses with IC50 val-
ues of 0.44 µM and 6.06 µM, respectively, followed 
by 3,5-di-O-caffeoylquinic acid methyl ester (IC-
50AR=0.79 µM, IC50AGE=12.8 µM) [64]. Active com-
pounds isolated from E. annuus could be used in 
preventing cataract formation.

Ficus golmerata (Moraceae)

Ficus golmerata tree is found widely in South-
east Asia and India [65]. It is used traditionally to 
treat anaemia and gastrointestinal disorders [66]. 
Furthermore, it was been reported that the aerial 
part of a  plant is characterized by the presence of 
β-sitosterol, lupeol and quercetin [67]. EE, WE and 
ChE of the fruit part of the plant were used to study 
the inhibitory activity against AR by the method de-
scribed by Suryanarayana et al. using DL glyceralde-
hydes as substrate [15]. The study aims to evaluate 
the anti-cataract effect using the “sugar-induced lens 
opacity model” in the bovine. Moreover, the anti-
oxidant effect was studied to confirm the preventive 
effect of the different extracts against cataracts. The 
results of this work, showed that EE characterized 
by a high AR inhibitory effect (IC50=0.300 mg/ml) 
followed by WE (IC50=0.310 mg/ml) and then ChE 
(IC50=0.762 mg/ml). The experiment showed also 
that F. golmerata has an antioxidant effect and EE, 
WE, ChE contain 3.75, 5 and 5 mg/g of flavonoids, 
107.14, 82.14 and 19.64 mg/g of phenolic com-
pounds, respectively. Indeed, WE showed the pres-
ence of 2878 mg/100g of vitamin C [16]. F. golmer-
ata could be used in preventing cataract formation.

Foeniculum vulgare (Apiaceae)

Foeniculum vulgare is an aromatic plant, indigenous 
to Mediterranean area. It is used traditionally as 
carminative, anti-hypertension and galactagogue 
agent. It exhibited anti-diabetic, hepatoprotective, 
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anti-thrombotic, antibacterial, antifungal, antioxi-
dant and anti-inflammatory activities [68]. Trans-
anethole is a bioactive constituent isolated from the 
petroleum ether extract of F. vulgare fruit. It was 
evaluated by its anti-cataract effect in vitro; using 
chicken lenses incubated in 55 mM glucose-induced 
opacity. Furthermore, the compound was assessed 
by its inhibitory activity against AR according to the 
procedure described by Suzen et al., using xylose as 
substrate [69]. The experiment results showed that 
trans-anethole possesses potent inhibitory activity 
against AR rat lenses with an IC50 value of 3.8 µg/ml 
[70]. Trans-anethole isolated from F. vulgare could 
be used in preventing cataract formation.

Ginkgo biloba (Ginkgoaceae)

Gingko biloba is a  medicinal plant cultivated in 
several countries as Germany, France, Korea, Chi-
na and Japan [71]. It is known for wound healing, 
neuroprotective, anti-asthmatic antioxidant and 
antimicrobial properties [72]. G. biloba extract ob-
tained from the leaves of the plant was tested on 
the lens opacification to determine the protective 
effect of the extract against diabetic cataract. For 
that, several parameters were measured by differ-
ent methods: oxidative stress, AGE, AR activity, the 
expression of α-smooth muscle actin, transform-
ing growth factor-β2, E-cadherin and Smad2/3 in 
rat lenses. The experiment results showed that the 
extract has an antioxidant effect and it protects the 
lens against cataract. It can inhibit AR, decrease 
AGEP level and suppress the expression of trans-
forming growth factor-β2 and Smad2/3. However, 
it increases α-smooth muscle actin and E-cadherin 
activation [73]. G. biloba could be used in prevent-
ing cataract formation.

Hemidesmus indicus (Asclepiadaceae)

Hemidesmus indicus is a  shrub characterized by 
an aromatic root, stem and flower. It possesses an-
tithrombotic, antinociceptive, anti-inflammatory, 
renoprotective, antidiarrheal, antioxidant antibac-
terial and anti-diabetic activities [74, 75]. Indeed, 
the methanolic extract of H. indicus root has been 
examined for its anti-cataract and its AR inhibitory 
actions in rat lenses. The results showed that the 
extract inhibited AR in rat lenses with an IC50 value 
of 22.76 µg/ml, and it can reduce cataract progres-

sion in diabetic rats [76]. H. indicus could be used 
in preventing cataract formation.

Hybanthus enneaspermus Linn (Violaceae)

Hybanthus enneaspermus is a herb distributed wide-
ly in India, Africa, tropical Asia, Australia and Sri 
Lanka [77]. It is used traditionally to treat various 
diseases like diarrhoea, cholera, leucorrhoea, uri-
nary infections, inflammation and sterility and also 
as an aphrodisiac. Pharmacologically, this plant pos-
sesses anti-diabetic, anticonvulsant, anti-plasmodi-
al, anti-inflammatory, anti-tussive and antimicro-
bial effects [78, 79]. Petroleum ether, chloroform, 
ethyl acetate and aqueous extracts of H. enneasper-
mus were evaluated against AR activity in rat lenses 
in vitro; using DL glyceraldehyde as substrate. The 
results revealed that different fractions had a  sig-
nificant inhibitory activity on AR. Ethyl acetate had 
a highest inhibition with IC50 values of 49.26 µg/ml 
followed by aqueous extract (IC50=70.83 µg/ml) and 
chloroform fraction (IC50=98.52 µg/ml) then the pe-
troleum ether fraction (IC50=118.89 µg/ml). Moreo-
ver, the phytochemical study indicated that the frac-
tions contain 212.15, 140.62, 68.56 and 36.68 mg/g 
of total phenol; 39.11, 26.07, 13.41 and 11.55 mg/g 
of total flavonoid, respectively [77]. H. enneasper-
mus could be used in preventing cataract formation. 

Juglans regia L. (Juglandaceae)

Juglans regia L. is a medicinal plant that possesses 
several pharmacological effects. Its root had anti-
platelet and anticoagulant effects [80]. Further-
more, its leaves have antioxidant, anti-inflammato-
ry, anticancer, antihyperglycemic actions, and de-
crease levels of serum triglyceride, cholesterol and 
blood urea nitrogen in rats [81]. Besides, J. regia 
leaves are considered to be a good source of anti-
oxidant agents like phenol, which plays a key role 
in the prevention of various diseases involving free 
radicals [82]. Cyclohexane and ethanolic extracts 
of J. regia leaves were tested on AR activity in lens 
of diabetic rats. The experiment was focused on the 
treatment of streptozotocin-diabetic rats with 150, 
and 250 mg/kg/day of extracts, for 30 days. The 
results showed that both J. regia extracts reduced 
significantly the enzymatic activity of AR as com-
pared with the diabetic group [83]. J. regia could be 
used in preventing cataract formation.
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Litchi chinensis (Sapindaceae)

The native area of L. chinensis is South East Asia, 
especially China, Thailand, Philippines, Indonesia 
and Vietnam. It has a  lot of pharmacological ef-
fects as hepato-protective, anti-hyperlipidaemic, 
anti-platelet, antioxidant, antiviral, antimicrobial, 
anti-inflammatory anti-cancer and anti-mutagenic 
actions [84]. Methanolic extract and organic frac-
tions obtained from the fruit part of the plant were 
tested for their ability to inhibit AR in the rat lens. 
Hayman and Kinoshita method was used in the ex-
periment and DL glyceraldehyde was considered as 
a substrate. The experiment aimed also to evaluate 
the effects of different constituents isolated from the 
plant on AR activity in vitro. The results showed that 
ethyl acetate fraction had a potent inhibitory activ-
ity with an IC50 value of 0.3 µg/ml followed by the 
methanolic extract (IC50=3.6 µg/ml) and then the 
chloroform fraction (IC50=4.8 µg/ml). Besides, four 
minor compounds were isolated from ethyl acetate 
fraction: d-mannitol (C1), 2,5-dihydroxybenzoic 
acid (C2), delphinidin 3-O-β-galactopyranoside-3’, 
5’-di-O-β-glucopyranoside(C3), and delphinidin 
3-O-β-galactopyranoside-3’-O-β-glucopyranoside 
(C4). Among these compounds C4 showed an im-
portant inhibition against AR with an IC50 value of 
0.23 µg/ml followed by C3 (IC50=1.23 µg/ml) and 
then C2 (IC50=35.9 µg/ml) [85]. L. chinensis and 
its active compounds could be used in preventing 
cataract formation.

Morinda cetrifolia (Rubiaceae)

The native regions of M. cetrifolia are Southeast 
Asia and Australia [86]. It is a  bushy plant used 
in several regions to treat a  lot of health compli-
cations as diabetes and even for food purposes 
[87]. EE, WE and ChE of the fruit part of the plant 
were used to study the inhibitory activity against 
AR by the method described by Suryanarayana et 
al., 2004 [15] using DL glyceraldehydes as a  sub-
strate. The work also aims to evaluate the anti-cat-
aract effect using the “sugar-induced lens opacity 
model” in the bovine. Moreover, the antioxidant 
effect was studied to confirm the preventive ef-
fect of the different extracts against cataracts. The 
results of this work, showed that the plant has an 
antioxidant effect, WE characterized by a  high 
AR inhibitory effect (IC50=0.132 mg/ml) fol-
lowed by EE (IC50=0.242 mg/ml) and then ChE 
(IC50=0.520 mg/ml). In vitro anti-cataract activity 

was determined by comparing IC50 values of sam-
ples with standard: quercetin (IC50 = 0.082 mg/ml). 
Furthermore, the bovine sugar model induced lens 
opacity demonstrates a significant anti-cataract ac-
tivity of this plant. EE, WE, ChE contain respec-
tively 11, 7.5 and 5.5 mg/g of flavonoids, 433.57, 
420.71 and 15.35 mg/g of phenolic compounds. In-
deed, WE showed the presence of 2272.5 mg/100 g 
of vitamin C [16]. M. cetrifolia could be used in 
preventing cataract formation.

Ocimum basilicum (Lamiaceae)

Ocimum basilicum is a  plant cultivated in several 
countries around the world. The leaves and flowers 
part has been used to treat diarrhoea, kidney dis-
orders, headaches and coughs. It has carminative, 
antispasmodic, galactagogue, anti-fungal and anti-
bacterial activities [88, 89]. 7-(3-hydroxypropyl)-
3-methyl-8-β-O-D-glucoside-2H-chromen-2-one 
(C1) and E-4-(60-hydroxyhex-30-en-1-yl)phenyl 
propionate (C2) are the natural products that have 
been isolated from the aerial parts of the plant. These 
compounds were evaluated in vitro against AR and 
aldehyde reductase activities. The results showed 
that C1 has a  better and significant inhibitory ac-
tivity on AR and aldehyde reductase with IC50 val-
ues of 2.095 and 0.783 µM, respectively, followed by 
C2 (4.324 and 4.388 µM, respectively) [90]. Active 
compounds extracted from O. basilicum could be 
used in preventing cataract formation.

Ocimum sanctum (Labiatae)

Ocimum sanctum is a medicinal herb that is tradi-
tionally used as hypolipidemic, hypotensive, hy-
poglycaemic, hepatoprotective, anti-asthmatic, 
expectorant, analgesic, anticancer etc. [91]. Be-
sides, experimental works have demonstrated the 
anti-diabetic activity of this plant [92-94]. EE, WE 
and ChE of the leaf plant are used to evaluate their 
activity against AR using the method described 
by Suryanarayana et al. [15], using DL glyceralde-
hydes as substrate. The study also aims to investi-
gate the anti-cataract effect employing the “sugar-
induced lens opacity model” in cattle. Moreover, 
the antioxidant effect confirmed the preventive ef-
fect of different extracts against cataracts. The re-
sults of this work showed that WE characterized 
by a high AR inhibitory effect (IC50=0.280 mg/ml) 
followed by EE (IC50=0.320 mg/ml) and then ChE 
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(IC50=0.350 mg/ml) compared with quercetin 
(IC50=0.082 mg/ml). The study showed also that 
O. sanctum has an antioxidant effect. EE, WE, and 
ChE contain 15, 10 and 7.5 mg/g of flavonoids, 
392.85, 282.14 and 85.71 mg/g of phenolic com-
pounds, respectively. Indeed, it was found that wa-
ter extract presents 909 mg/100 g of vitamin C [16]. 
O. sanctum could be used in preventing cataract for-
mation.

Olea europaea (Oleaceae)

The olive tree had an important role in folk Medi-
terranean medicine. Its leaf part was used to treat 
several disorders like hypertension, inflammation, 
diabetes and cholesterolaemia [95]. It was demon-
strated that the olive leaf extract had significant in-
hibitory activity against AR in rabbit lenses; using 
DL glyceraldehyde as substrate, with an IC50 value of 
65 µg/ml [96]. O. europaea could be used as natural 
source of substances preventing cataract formation.

Perilla frutescens (Lamiaceae)

Perilla frutescens is widely known in Japan thanks 
to its leaves used as a  food colouring, an antidote 
for crab and fish meat allergy [97]. Monoterpenes 
and cyanogenic glucosides isolated from the leaves 
part of the plant shown inhibitory activity against 
AR, especially prunasin, perillosides A and C, which 
were characterized by an inhibition of 68.5, 54.5 and 
46.4%, respectively, at a  concentration of 0.1 mM 
[98]. Prunasin, perillosides A  and C isolated from 
P. frutescens could be used in preventing cataract 
formation.

Platycodon grandiflorum (Campanulaceae)

Platycodon grandiflorum is an herb that used in folk 
medicine as expectorant, antitussive and antiphlo-
gistic [99]. Indeed, fifteen constituents were isolat-
ed from ethyl acetate-soluble fraction of the flowers 
of P. grandiflorum: apigenin (C1), apigenin-7-O-
β-D-glucopyranoside (C2), apigenin-7-O-(6’’-O-
acetyl)-β-D-glucopyranoside (C3), luteolin (C4), 
luteolin-7-O-β-D-glucopyranoside (C5), luteolin-
7-O-(6’’-O-acetyl)-β-D-glucopyranoside (C6), 
isorhamnetin-3-O-neohesperidoside (C7), 4-O-
caffeoylquinic acid (C8), chlorogenic acid methyl 
ester (C9), 4-O-β-D-glucopyranosylcaffeic acid 

(C10), lobetyolin (C11), cordifolioidyne C (C12), 
isomultiflorenyl acetate (C13), β-sitosterol gluco-
side (C14) and α-spinosterol (C15). These com-
pounds were examined on AGE formation and by 
their activity against AR in vitro in rat lenses; using 
DL glyceraldehyde as substrate. The results showed 
that the fraction exhibited a  potential inhibitory 
activity towards AR and AGE formation: C4 had 
a potent AR inhibitory activity as compared with 
the other compounds (IC50=0.025 mg/ml), followed 
by C8 (IC50=0.36 mg/ml), C5 (IC50=0.44 mg/ml), 
C6 (IC50=0.98 mg/ml), C2 (IC50=1.11 mg/ml), 
C1(IC50=1.80 mg/ml), C9 (IC50=3.21 mg/ml), 
C7(IC50=9.53 mg/ml) and C10 (IC50=18.7 mg/ml) 
[100]. P. grandiflorum active compounds could be 
used in preventing cataract formation.

Psoralea corlifolia (Fabaceae)

Psoralea corlifolia is a  medicinal herb grown in 
Asia and India [101]. It possesses an antitumor 
[102], anti-diabetic [103], antibacterial [104], anti-
oxidant, stimulant, and vasodilator activity [105]. 
EE, WE and ChE of P. corlifolia seeds are used to 
evaluate their activity against AR using the method 
described by Suryanarayana et al. [15] DL glyceral-
dehydes is used in this study as substrate. The ex-
periment aims to evaluate the anti-cataract effect 
employing the “sugar-induced lens opacity model” 
in the bovine. Moreover, the antioxidant effect was 
studied in order to confirm the preventive effect of 
the different extracts against cataracts. The results 
of this work showed that WE was characterized by 
the highest AR inhibitory effect (IC50=0.286 mg/ml) 
followed by EE (IC50=0.292 mg/ml) and then ChE 
(IC50=0.318 mg/ml) compared with a  value of 
quercetin (IC50=0.082 mg/ml). The experimental 
investigation showed also that P. cortifolia has an an-
tioxidant effect EE, WE, ChE contain 2.25, 7.25 and 
1 mg/g of flavonoids, 612.5, 105 and 35 mg/g of 
phenolic compounds, respectively. Besides, water 
extract showed the presence of 1363.5 mg/100 g of 
vitamin C [16]. P. cortifolia could be used in pre-
venting cataract formation.

Pueraria lobata (Leguminosae)

Pueraria lobata is a medicinal plant native to some 
Pacific islands, East and Southeast Asia, specifi-
cally India, Japan and Korea. Its roots were utilized 
therapeutically to treat several health disorders 
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like diabetes, hypertension, hyperlipidaemia and 
digestion problems. It is a source of an important 
quantity of polyphenol [106]. Besides, it contains 
puerariafuran which was evaluated against AR 
activity in vitro; using DL glyceraldehyde as sub-
strate. Furthermore, this isolated compound was 
tested on AGE formation using xylose as sugar that 
induced cataract. The results showed that the ac-
tive constituent had a potent AR inhibitory activity 
in rat lenses with an IC50 value of 22.2 µM and it 
can improve the lens against cataract [107]. Puer-
ariafuran isolated from P. lobata could be used in 
preventing cataract formation.

Tephrosia purpurea (Fabaceae)

Tephrosia purpurea is an Indian indigenous plant 
that possesses a  lot of beneficial effects as anti-di-
abetic and anti-inflammatory properties. Accord-
ing to many studies, the aerial part of this plant 
contains flavonoids, steroids, fatty acids and amino 
acids. Leaves are characterized by the presence of 
rutin, quercetin, β-sitosterol and lupeol. Tephrosin, 
elliptone, rotenone and degulin are present in the 
T. purpurea roots. Moreover, the seed part contains 
fatty acids, purpuritenin, purpureamethide, lanceo-
latin B, pongamol and karanjin [108]. The AR in-
hibitory and anti-cataract activities, of the alcoholic 
extract and flavonoid fraction obtained from the 
whole plant of T. purpurea were evaluated in vitro; 
in diabetic rats induced by streptozotocin, using 
D-xylose as substrate. The procedure described by 
Hayman and Kinoshita was used in the experiment. 
The results showed that the flavonoid fraction had 
a  potent inhibitory activity than alcoholic extract 
with IC50 values of 46.73 µg/ml and 209.13 µg/ml 
respectively. Phytochemical assay demonstrates the 
presence of rutin and quercetin in both fractions 
with a quantity of 5.37% w/w and 1.05% w/w in the 
alcoholic extract, 2.37% w/w and 1.75% w/w in fla-
vonoid fraction, respectively [11]. T. purpurea could 
be used as a natural remedy preventing cataract for-
mation.

Tinospora cordifolia (Menispermaceae)

Tinospora cordifolia is a glabrous shrub native to In-
dia and the tropical region. It is used in folk medicine 
as a tonic and to treat metabolic complications like 
diabetes [109]. In fact, several experimental studies 
have shown that this plant possesses anti-diabetic 

[110], hepatoprotective [111], immune-modulator 
[112], antipyretic [113], antiulcer, and anti-stress 
[114] actions. EE, WE and ChE of the stem plant 
part are used to evaluate their activity against AR 
using the method described by Suryanarayana et al. 
[15] using DL glyceraldehydes as substrate. The ex-
periment aims also to investigate the anti-cataract 
effect employing the “sugar-induced lens opacity 
model” in the bovine. Moreover, the antioxidant ef-
fect was studied in order to confirm the preventive 
effect of the different extracts against cataracts. The 
results of this work, showed that EE characterized 
by a high AR inhibitory effect (IC50=0.176 mg/ml) 
followed by WE (IC50=0.210 mg/ml) and then ChE 
(IC50=0.328 mg/ml). The evaluation of the anti-cat-
aract activity in vitro was determined by comparing 
IC50 values with standard: quercetin (IC50=0.082 mg/ml). 
Moreover, the experiment showed significant an-
ti-cataract activity of this plant in the bovine lens 
model. EE, WE, ChE contain respectively 2.5, 5 and 
2.5 mg/g of flavonoids, 89.28, 128.57 and 78.57 mg/g 
of phenolic compounds. Indeed, water extract 
showed the presence of 1666.5 mg/100 g of vitamin 
C [16]. T. cordifolia could be used in preventing cat-
aract formation.

Tribulus terrestris (Zygophyllaceae)

Tribulus terrestris is a  medicinal herb distributed 
in Africa, Europe, Western Asia, Korea, Japan and 
China [115]. It is known for its therapeutic ac-
tions like anti-rheumatismal, anti-hypertensive, 
also used to treat kidney stones and oedema [116]. 
EE, WE and ChE of T. terrestris fruit are used to 
evaluate their activity against AR using the meth-
od described by Suryanarayana et al. [15] using 
DL glyceraldehydes as substrate. The study aims 
also to investigate the anti-cataract effect employ-
ing the “sugar-induced lens opacity model” in 
the bovine. Moreover, the antioxidant effect was 
studied in order to confirm the preventive effect 
of the different extracts against cataracts. The re-
sults of this work showed that WE characterized 
by a high AR inhibitory effect (IC50=0.348 mg/ml) 
followed by EE (IC50=0.367 mg/ml) and then ChE 
(IC50=0.444 mg/ml). The experiment showed also 
that T. terrestris has an antioxidant effect. EE, WE, 
ChE contain 5, 10 and 2.5 mg/g of flavonoids, 
114.28, 178.57 and 53.57 mg/g of phenolic com-
pounds, respectively. Indeed, the water extract 
showed the presence of 909 mg/100 g of vitamin 
C. To determine the anti-cataract activity the 
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IC50 values were compared with a value of querce-
tin (IC50=0.082 mg/ml) [16]. T. terrestris could be 
used in preventing cataract formation.

Vitex rotundifolia (Verbenaceae)

Vitex rotundifolia is a  shrub widely distributed in 
East Asia. Its fruit is used traditionally in China to 
treat inflammation, neuralgia, and headache. The 
water extract obtained from the fruit part of the 
plant at a concentration of 10 µg/ml, had a potent 
inhibitory action towards AR in vitro in bovine 
lens. Besides, three compounds that were isolated 
from the methanolic extract of the fruit plant were 
investigated against AR: luteolin, vitexicarpin and 
vanillic acid; using DL glyceraldehydes as a  sub-
strate. The results showed that luteolin is the con-
stituent that has an AR inhibitory activity with an 
IC50 value of 0.74 µM [117]. V. rotundifolia and its 
active compounds could be used in preventing cat-
aract formation.

Withania somnifera (Solanaceae)

Withania somnifera is a woody shrub that grows in 
drier regions of subtropical and tropical areas. Thera-
peutically, it is used as diuretic, tonic, astringent and 
stimulant. It has anti-stress, anti-inflammatory, anti-
ulcer, and anti-rheumatism effects [118]. Moreover, 
it is described in order to treat a scorpion pick and 
snake venom [119]. Aqueous extract of W. somnifera 
was used to evaluate its inhibitory activity against 
AR in vitro; using the method described by Hayman 
and Kinoshita [6]. DL glyceraldehyde was used as 
substrate and six dilutions were carried out in the 
experiment: 25, 50, 75, 100, 200 and 300 µg/ml. The 
results showed that the extract inhibits the AR at 
a dose of 300 µg/ml with an IC50 value of 89 µg/ml 

[5]. W. somnifera could be used in preventing cata-
ract formation.

Zingiber officinale (Zingiberaceae)

Ginger (Z. officinale) is used worldwide as a  spice 
and also as a  medicinal plant in Arab and Asian 
areas to treat several diseases, among others dia-
betes [120]. The water extract obtained from the 
Z. officinale rhizome was subjected to the isolation 
of active compounds that were examined on AR 
activity; using DL glyceraldehyde as substrate. In 
fact, five active constituents were isolated from the 
extract: C1: (4-hydroxy-3-methoxyphenyl)metha-
nol, C2: 2-(4-hydroxy-3-methoxyphenyl)ethanol, 
C3: 2-(4-hydroxy3-methoxyphenyl)-ethanoic acid, 
C4: 2-(3,4-dimethoxyphenyl)-ethanoic acid and 
C5: 4-(4-hydroxy-3-methoxyphenyl)-2-butanone. 
AR inhibitory activity results showed that C3 exhib-
ited a highest inhibition as compared with querce-
tin (IC50=27 µM) with IC50 values of 18.5 µM, fol-
lowed by C2 (IC50=19.2 µM), C1 (IC50=24.4 µM), 
C4 (IC50=30.3 µM) and then C5 (IC50=197 µM). 
The experiment results indicated also that the com-
pounds C2 and C3 were able to inhibit the sorbitol 
accumulation in the human erythrocyte model by 
66.2 and 80.1 at 40 µM samples [121]. Z. officinale 
and its active compounds could be used in prevent-
ing cataract formation.

TOXIC PLANTS WITH AR INHIBITORY 
ACTIVITY

Natural products and medicinal plants possess 
several pharmacological effects and could inhibit 
aldose reductase activity. However, some of them 
may have an adverse effect and exhibit toxicity. In 
table 1 some toxic plants that have shown inhibi-
tory activity against AR have been classified.

Table 1. 
List of some toxic plants showing an inhibitory effect against AR

Plant Extraction Toxic part LD50 Symptoms Ref

Azadirachta indica oil seeds 14 ml/kg in rats.  
24 ml/kg in rabbits

diarrhoea, clonic convulsions, loss of righting 
reflex, trembling, respiratory distress. (145)

Catharanthus roseus methanolic extract leaves 0.5 g/kg diarrhoea in female rats
mortality after a few days of treatment. (146)

Ocimum basilicum essential oil leaves 532 mg/kg mortality of rats (147)

Psoralea corylifolia ethanolic extract seeds 1.5% gonadal toxicity in rats after 90 days of 
treatment (148)
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Secondary metabolites that have an inhibitory 
effect against AR 

Natural products have been used for a  long time 
as safe therapeutic agents to treat several ailments. 
Table 2 shows some active constituents that can in-
hibit AR and then prevent the formation of diabetic 

Table 2. 
Secondary metabolites that had inhibitory activity against AR

Bioactive compounds Definition

Polyphenols phytoconstituents exist specifically in foods such as a vegetable, fruits, cereals, drinks like tea and coffee, 
seeds, chocolate and nuts which have anti-oxidant and anti-cataract effects (122). 

Flavonoids
found in medicinal plants and vegetables, which have many positive actions on diabetes and its complica-
tions. It enhances the glycaemic level, lipid profile, and antioxidant status. 
Quercetin and rutin are the principal types of flavonoids that inhibit AR (149). 

Phenolic acids

rosmarinic acid is an antioxidant present in Salvia miltiorrhiza (150) that has the anti-angiogenesis activ-
ity in the “mouse model of retinopathy” inside neovascularization of retina (151). 
Caffeic acid inhibits the AR by blocking the formation of advanced glycation end products (AGE) which 
cause the development of secondary diabetic complications (122), this active compound is present in Chry-
santhemum morifolium, Chrysanthemum indicum (152), and Ilex paraguariensis (153). Protocatechuic 
acid: present in Rhus verniciflua extracts. It blocks the enzyme AR and then inhibits the accumulation of 
sorbitol and advanced glycation end products (154).

Vitamins ascorbic acid and α-tocopherol are the principal sources of antioxidants (122). 

Carotenoids contained in 700 components in vegetables, fruits and green plants. There are two main subfamilies of 
carotenoids, lutein and zeaxanthin, that play a role in the prevention of cataracts (122). 

Table 3. 
List of IC50 values of different plants inhibiting AR

Plants Extracts IC50 [mg/ml]

Aegle marmelos (Rutaceae)
water extract 0.403 
ethanolic extract 0.766 
chloroform extract 0.810 

Alangium lamarckii Thwaites (Cornaceae) alcoholic extract 0.106 

Andrographis paniculata (Acanthaceae)
standardized extract 0.02265 
methanolic extract 0.02879 

Aralia elata (Araliaceae) water extract 0.0113 
Azadirachta indica (Meliaceae) water extract 0.057 
Buddleja officinalis (Buddlejaceae) methanolic extract 0.0013 
Ceasalpinia digyna (Leguminoseae) alcoholic extract 0.04629 
Cassia fistula (Caesalpiniaceae) ethanolic fraction 0.154 

Catharanthus roseus (Apocynaceae)
water extract 0.342 
ethanolic extract 0.300 
chloroform extract 0.820 

Crataegus pinnatifida (Rosaceae) flavonoid fraction 0.0897 
Curcuma longa (Zingiberaceae) aqueous extract 0.055 
Emblica officinalis (Euphorbeaceae) aqueous extract 0.88 

Ficus golmerata (Moraceae)
water extract 0.310 
ethanolic extract 0.300 
chloroform extract 0.762 

complications related to this enzyme. Tables 3 and 
4 classify the different plants and phytocompounds 
isolated from these plant that have shown AR inhib-
itory activity, with their IC50 values. Moreover, these 
isolated bioactive compounds belong to 4 classes: 
polyphenols, carboxylic acid, terpenoids, and alka-
loids (fig. 2). 

http://www.theplantlist.org/1.1/browse/A/Cornaceae/
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Plants Extracts IC50 [mg/ml]
Hemidesmus indicus (Asclepiadaceae) methanolic extract 0.02276 

Hybanthus enneaspermus Linn (Violaceae)

aqueous extract 0.07083 
petroleum ether extract 0.11889 
chloroform extract 0.09852 
ethyl acetate extract 0.04926 

Litchi chinensis (Sapindaceae)
ethyl acetate extract 0.003 
methanolic extract 0.0036 
chloroform extract 0.0048

Morinda cetrifolia (Rubiaceae)
water extract 0.132 
ethanolic extract 0.242 
chloroform extract 0.520 

Ocimum sanctum (Labiatae)
water extract 0.280 
ethanolic extract 0.320 
chloroform extract 0.350 

Olea europaea (Oleaceae) - 0.065 

Psoralea corlifolia (Fabaceae)
water extract 0.286 
ethanolic extract 0.292 
chloroform extract 0.318 

Tephrosia purpurea (Fabaceae)
flavonoid fraction 0.04673
alcoholic extract 0.20913 

Tinospora cordifolia (Menispermaceae)
water extract 0.210 
ethanolic extract 0.176 
chloroform extract 0.328 

Tribulus terrestris (Zygophyllaceae)
water extract 0.348 
ethanolic extract 0.367 
chloroform extract 0.444 

Withania somnifera (Solanaceae) aqueous extract 0.089 
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The repartition of different classes of the compounds that inhibit AR
Figure 2.

The repartition of different classes of the compounds 
that inhibit AR

Table 3. (continued)

DISCUSSION

Diabetes mellitus is a  metabolic disease respon-
sible for the development of a  lot of complica-
tions as eye problems, especially cataract, related 
with the excess conversion of glucose to sorbitol. 
It is considered to be the first cause of blindness 
in the world. In fact, the increase of glucose con-
centration in the aqueous humour in the eye will 
be transported inside the lens by a  passive mode 
[122], leading to the activation of AR, the enzyme 
that converts glucose to sorbitol by the metabolic 
pathway of polyol. Then, the rising sorbitol con-
centration causes the production of oxidative stress 
and osmotic swelling, and consequently, the for-
mation of diabetic cataract [16, 123]. Indeed, many 
studies were aimed to determine the prevention of 
this disease, including the inhibition of AR, using 
natural products.
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Several risk factors, as oxidative stress and inflam-
matory mediators increase, are implicated in the 
development of retinopathy and cataract which are 
also associated with nutrition, metabolism, genetic 
factors and even environment [124]. The develop-
ment of diabetic ophthalmology complications can 
be prevented by the nutritional supplements that 
play a  role in maintaining mitochondrial homeo-
stasis, inflammatory mediators and the function 
of the retina [125]. Concerning the genetics, the 
scientist revealed that was probably a relation be-
tween this pathology and gene mutation in whole 
human genome, particularly genes that encode 
α-crystalline (CRYAA and CRYAB) β-crystalline 
(CRYBA1, CRYBA2, CRYBA4, CRYBB1, CRYBB2, 
and CRYBB3), γ-crystalline (CRYGC, CRYGD, and 
CRYGS), membrane proteins, cytoskeletal proteins 
(BFSP1, BFSP2, and VIM), transcription factors 
(HSF4, MAF, PITX3, EYA1, FOXE3 and PAX6) 
and metabolism-related proteins (glucose genes: 
GALK1 and SLC16A12 and iron genes: FTL and 
GCNT2) [124]. A study conducted by [126] shows 
that transgenic expression of aldose reductase in 
mice, as well as in hyperglycaemic dogs, cataract 
disease develops easily. Furthermore, it was found 
that cataract is associated with specific allele Z of 
the microsatellite polymorphism at the 5 end of the 
aldose reductase gene in human diabetic patients 
[127]. This means that aldose reductase inhibitors 
play a crucial role in the prevention of cataract de-
velopment. In addition to internal factors (genet-
ics), there are several environmental factors in-
volved in the diabetic cataract as age, alcohol con-
sumption, smoking, socioeconomic conditions, 
education, exposure to ultraviolet radiation (UV-B 
exposure) etc. [128]. 

Usually, there are different kinds of cataract ac-
cording to the localization of the eye opacity, includ-
ing the nuclear cataract touching the nucleus of the 
lens; sub-capsular cataract existing ahead of posterior 
capsule; cortical cataract concerning the crystalline 
cortex and total cataract when the colouration of the 
whole crystalline became grey or white [129]. 

In general, alcohol consumption is a  risk factor 
for developing all kinds of cataract and especially 
posterior subscapular opacities. Smoking leads to 
the development of nuclear cataract, UV-B expo-
sure is considered to be a direct source for the de-
velopment of cortical cataract [130]. So, stopping 
smoking and drinking alcohol, UV-B protection 
and nutrition-rich in antioxidants could be helpful 
to prevent the formation of diabetic cataract. Cal-
pain inhibitors are responsible for protease calpain 

inhibition. Those agents had a positive effect in vitro 
and in vivo against cataracts. Antioxidants, as vita-
min C, play a scavenging role from oxygen species 
reactive and prevent the crystalline aggregation. 
Vitamin E protects the membrane lens oxidation 
and stops lipid peroxides production. Aspirin, para- 
cetamol and ibuprofen protect denaturation of the 
lens proteins from sugars, cyanate and steroids by 
acetylation mechanism [131]. Although, until now, 
the surgery is considered as the most useful way in 
the treatment of this pathology as the phacoemulsi-
fication with intraocular implantation is focused to 
restore the natural vision and reduce the secondary 
effects of the surgery and femtocataracte method or 
“laser femtosecond” [132]. In fact, it was reported 
that diabetic patients possess a  higher prevalence 
and early onset of cortical cataract and posterior 
subcapsular opacities [130]. In this case, the treat-
ment of this pathology is based on the stopping of 
the conversion of glucose to sorbitol. Among aldose 
reductase inhibitors used for the treatment of cata-
ract, there are lidorestat 9, alrestatin, imrestat, pon-
alrestat, epalrestat, zenarestat or minalrestat [133]. 
Furthermore, many studies have been performed 
to determine the effectiveness of AR inhibitors in 
the pathophysiology of diabetes based on plants 
and their active constituents in animal models [11]. 
Among these compounds, there are flavonoids, ca-
rotenoids, tocopherol, vitamin C, pyruvate and caf-
feine [122]. 

Natural sources of antioxidants play a key role in 
the prevention of oxidative stress and delaying the de-
velopment of diabetic cataract by reducing the inten-
sity of lipid peroxidation, and inhibiting free radical 
generation [134]. They are able to decrease the polyol 
pathway enzymes in the lens as well as aldose reduc-
tase. The inhibition of that enzyme leads to decrease 
of the reduction of glucose to sorbitol and then reduc-
tion of the oxidation of sorbitol to fructose [135]. In 
the absence of aldose reductase inhibitors in diabetic 
patients, sorbitol does not easily diffuse through cell 
membranes, its accumulation is responsible for the 
cells damage, including crystallin osmotic damages. 
Then, increasing the levels of sodium and potassium 
and decreasing the level of glutathione, therefore the 
formation of cataract [136]. 

This review includes the secondary metabolites 
that have an inhibitory effect on AR, and some plants 
with therapeutic effect on cataract, as well as the dif-
ferent parts experimentally used to confirm the pre-
ventive effect on cataract, their chemical structures, 
and even their IC50 values. The families of plants with 
the AR inhibitory were cited as follows: Fabaceae 
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(4 sp.), Lamiaceae (3 sp.), Cornaceae (2 sp.), Zingib-
eraceae (2 sp.), Acanthaceae (1 sp.), Apiaceae (1 sp.), 
Apocynaceae (1 sp.), Araliaceae (1 sp.), Asclepidiaceae 
(1 sp.), Caesalpinaceae (1 sp.), Companulaceae (1 sp.), 
Compositae (1 sp.), Euphorbiaceae (1 sp.), Gink-
gogaceae (1 sp.), Meliaceae (1 sp.), Menispermaceae 
(1 sp.), Moraceae (1 sp.), Oleaceae (1 sp.), Orchidaceae 
(1 sp.), Papaveraceae (1 sp.), Poaceae (1 sp.), Rosaceae 
(1 sp.), Rubiaceae (1 sp.), Rutaceae (1 sp.), Sapindace-
ae (1 sp.), Solanaceae (1 sp.), Verbenaceae (1 sp.), Vio-
laceae (1 sp.), Zygophyllaceae (1 sp.).

Figure 2 shows the repartition of different groups 
of the constituents with the inhibitory activity 
against AR. They are classified into four groups ac-
cording to the class of different compounds:

•	 1st group contains the polyphenols such as 3, 5-di-
O-caffeoyl-epi-quinic acid, delphinidin, gigantol, 
curcumin, glucogallin, quercetin and gallic acid;

•	 2nd group: contains carboxylic acid as syringic 
acid and p-coumaric acid;

•	 3rd group: possesses terpenoids compounds such 
as perillosides A and C;

•	 4th group: possesses alkaloids. There is one com-
pound that belongs in this class “dehydrocoryda-
line”.
In table 4. 37 active constituents with their 

IC50 value were classified. Luteolin is the compound 
that has a very low value of IC50, which means that 
it is characterized by a  potential activity towards 
AR followed by luteolin-7-O-β-D-glucopyranoside, 

Table 4. 
List of IC50 values of active constituents inhibiting AR

Active compound IC50 IC50 [mg/ml]

Luteolin
0.21 µM
0.74 µM
0.025 mg/ml

60.11 x 10-6
211.81 x 10-6

0.025

Luteolin-7-O-β-D-glucopyranoside 0.28 µM
0.44 mg/ml

125.54 x 10-6
0.44

Apigenin 0.58 µM
1.80 mg/ml

156.73 x 10-6
1.80

3,5-di-O-caffeoyl-epi-quinic acid 0.44 µM 227.04 x 10-6
Delphinidin 3-O-β-galactopyranoside-3’-O-β-glucopyranoside 0.23 µg/ml 230 x 10-6
3,5-di-O-caffeoylquinic acid methyl ester 0.79 µM 407.99 x 10-6
Andrographolide 0.46 µg/ml 460 x 10-6
1,2,3,6-tetra-O-galloyl-β-D-glucose 0.70 µM 552 x10-6
1,2,4,6-tetra-O-galloyl-β-D-glucose 0.76 µM 599.31 x10-6
7-(3-hydroxypropyl)-3-methyl-8-β-O-D-glucoside-2H-chromen-2-one 2.095 µM 720.68 x 10-6
Tellimagrandin II 0.90 µM 844.794 x 10-6
E-4-(60-hydroxyhex-30-en-1-yl) phenyl propionate 4.32 µM 1.07 x 10-3
Delphinidin 3-O-β-galactopyranoside-3’,5’-di-O-β-glucopyranoside 1.23 µg/ml 123 x 10-3
1,2,3-tri-O-galloyl-β-D-glucose 2.35 µM 1.49 x 10-3
1,2,3,4,6-penta-O-galloyl-β-D-glucose 1.92 µM 1.82 x 10-3
1,2,6-tri-O-galloyl-β-D-glucose 4.01 µM 2.55 x 10-3
2-(4-hydroxy-3-methoxyphenyl) ethanol 19.2 µM 3.22 x 10-3
(4-hydroxy-3-methoxyphenyl) methanol 24.4 µM 3.76 x 10-3
Trans-anethole 3.8 µg/ml 3.8 x 10-3
Gallic acid 4-O-β-D-(6’-O-galloyl)-glucoside 11.77 µM 3.91 x 10-3
β-glucogallin 17 µM 5.64 x 10-3
Puerariafuran 22.2 µM 6.31 x 10-3
Quercetin 25.23 µg/ml 25.23 x 10-3
Gallic acid 4-O-β-D-glucoside 82.74 µM 27.49 x 10-3
2,5-dihydroxybenzoic acid 35.9 µg/ml 35.9 x 10-3
4-(4-hydroxy-3-methoxyphenyl)-2-butanone 197 µM 38.26 x 10-3
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apigenin, 3,5-di-O-caffeoyl-epi-quinic acid, del-
phinidin 3-O-β-galactopyranoside-3’-O-β-gluco-
pyranoside, 3,5-di-O-caffeoylquinic acid methyl 
ester, andrographolide, 1,2,3,6-tetra-O-galloyl-β-
D-glucose, 1,2,4,6-tetra-O-galloyl-β-D-glucose, 
7-(3-hydroxypropyl)-3-methyl-8-β-O-D-glucos-
ide-2H-chromen-2-one, E-4-(60-hydroxyhex-30-
en-1-yl)phenyl propionate, delphinidin 3-O-β-gal-
actopyranoside-3’,5’-di-O-β-glucopyranoside, 
1,2,3-tri-O-galloyl-β-D-glucose, 1,2,3,4,6-penta-
O-galloyl-β-D-glucose, 1,2,6-tri-O-galloyl-β-D-
glucose, 2-(4-hydroxy-3-methoxyphenyl)ethanol, 
(4-hydroxy-3-methoxyphenyl)methanol, trans-a-
nethole, gallic acid 4-O-β-D-(6’-O-galloyl)-gluc-
oside, β-glucogallin, puerariafuran, quercetin, gal-
lic acid 4-O-β-D-glucoside, 2,5-dihydroxybenzoic 
acid, 4-(4-hydroxy-3-methoxyphenyl)-2-butanone, 
protocatechuic acid, trans-cinnamic acid, gallic acid, 
p-coumaric acid, syringic acid, 4-O-caffeoylquinic 
acid, luteolin-7-O-(6’’-O-acetyl)-β-D-glucopyran-
oside, apigenin-7-O-β-D-glucopyranoside, chloro-
genic acid methyl ester, isorhamnetin-3-O-neohe-
speridoside, 4-O-β-D-glucopyranosylcaffeic acid.

Luteolin and luteolin-7-O-β-D-glucopyranoside 
are natural flavonoids that possess several benefits. 
They had a strong antioxidative, anti-inflammatory 
[137, 138], and antidiabetic effects [139] and they 
can improve insulin resistance in obese mice in-
duced by a diet [140]. Besides, according to this pa-
per, we conclude that these compounds are charac- 
terized by a potent inhibitory activity on AR and 
then they have a preventive effect against diabetic 
complications, especially cataracts.

Other bio-compounds can prevent the formation 
of cataracts such as emodin; which is an anthra-
quinone that is isolated from the plants. Recently, 
it was found that this active constituent can inhibit 

AR in vitro and in vivo experiments, with an IC50 of 
2.69 µM. Even more, it was showing an anti-cataract 
activity in transgenic mice [141]. Besides, resvera-
trol belongs to the polyphenol class. It is present 
in grapes and other plants; it has a lot of beneficial 
health effects, like the attenuation of oxidative stress 
in lens [142].

The combination of many medicinal plants has 
shown a preventive effect against diabetic complica-
tions, especially cataracts. Mainly of these therapeu-
tic mixtures there is KIOM-79 which is character-
ized by an IC50 value of 10.09 µg/ml. It is prepared 
from four medicinal plants: Magnolia officinalis, 
Pueraria lobata, Glycyrrhiza uralensis and Euphor-
bia pekinensis [143]. Also, there is Diabecon that 
is constituted by a lot of herbs as Gymnema sylves-
tre, Eugenia jambolana and Gmelina arborea. The 
aqueous extract of Diabecon had an inhibitory ac-
tion against AR in rat lenses with an IC50 value of 
10 mg/ml [144].

CONCLUSION

Despite cataract surgery effectiveness, the use of 
herbal formulation could be considered as an al-
ternative path in preventing cataract. In this re-
view, we classified 32 plants that have been stud-
ied by their effect on the inhibition of AR activ-
ity and their ability to prevent cataracts. Indeed, 
natural therapy becomes an interesting alternative 
in the treatment and prevention of cataract by us-
ing medicinal plants rich in active compounds 
considered as AR inhibitors:luteolin, luteolin-7-
O-β-D-glucopyranoside, apigenin, 3,5-di-O-caf-
feoyl-epi-quinic acid, delphinidin 3-O-β-galact-
opyranoside-3’-O-β-glucopyranoside, 3,5-di-O-caf-

Active compound IC50 IC50 [mg/ml]
Protocatechuic acid 42.7 µg/ml 42.7 x 10-3
Trans-cinnamic acid 68.1 µg/ml 68.1 x 10-3
Gallic acid 97.3 µg/ml 97.3 x 10-3
p-coumaric acid 162.31 µg/ml 0.162
Syringic acid 172.1 µg/ml 0.172
4-O-caffeoylquinic acid 0.36 mg/ml 0.36
Luteolin-7-O-(6''-O-acetyl)-β-D-glucopyranoside 0.98 mg/ml 0.98
Apigenin-7-O-β-D-glucopyranoside 1.11 mg/ml 1.11
Chlorogenic acid methyl ester 3.21 mg/ml 3.20
Isorhamnetin-3-O-neohesperidoside 9.53 mg/ml 9.53
4-O-β-D-glucopyranosyl caffeic acid 18.7 mg/ml 18.7 

Table 4. (continued)
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feoylquinic acid methyl ester, andrographolide, 
1,2,3,6-tetra-O-galloyl-β-D-glucose, 1,2,4,6-tetra-O-
galloyl-β-D-glucose, 7-(3-hydroxypropyl)-3-methyl-
8-β-O-D-glucoside-2H-chromen-2-one, E-4-(60-hy-
droxyhex-30-en-1-yl)phenyl propionate, delphinidin 
3-O-β-galactopyranoside-3’,5’-di-O-β-glucopyrano-
side, 1,2,3-tri-O-galloyl-β-D-glucose, 1,2,3,4,6-pen-
ta-O-galloyl-β-D-glucose, 1,2,6-tri-O-galloyl-β-D-
glucose, 2-(4-hydroxy-3-methoxyphenyl)ethanol, 
(4-hydroxy-3-methoxyphenyl)methanol, trans-a-
nethole, gallic acid 4-O-β-D-(6’-O-galloyl)-glucos-
ide, β-glucogallin, puerariafuran, quercetin, gallic 
acid 4-O-β-D-glucoside, 2,5-dihydroxybenzoic acid, 
4-(4-hydroxy-3-methoxyphenyl)-2-butanone, pro-
tocatechuic acid, trans-cinnamic acid, gallic acid, 
p-coumaric acid, syringic acid, 4-O-caffeoylquinic 
acid, luteolin-7-O-(6’’-O-acetyl)-β-D-glucopyranos-
ide, apigenin-7-O-β-D-glucopyranoside, chlorogenic 
acid methyl ester, isorhamnetin-3-O-neohesperido-
side, 4-O-β-D-glucopyranosylcaffeic acid. 
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