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Introduction
Type 2 diabetes mellitus is a chronic disease characterized by 
the heterogeneous disturbance of mainly glucose metabolism 
in the body, ultimately leading to chronic hyperglycemia.1 The 
disorder is caused mostly through impaired insulin action, fol-
lowed frequently by impaired insulin secretion.1 According to 
a recent comprehensive review of epidemiological data, in 2017 
almost 500 million people suffered worldwide from this disor-
der, reflecting a global prevalence rate of >6% and with some 
regions showing figures above 20%.2 The International 
Diabetes Federation estimated that the total cost of people suf-
fering from this disease was about 850 billion USD for the 
same year.3 Finally, the disease and its complications annually 
account for a mortality rate of up to 10%,4 with more than 
7 million reported deaths in the period of 2000 to 2016 in 108 
countries.5

The general opinion now is that a high postprandial blood 
glucose level6 is an important risk factor for the development 
and progression of type 2 diabetes mellitus and its complica-
tions and that lowering this level should be one of the targets 
of treatment.7 This level depends on the amount and rate of 
glucose absorbed in the intestine and the uptake by the liver 

and skeletal muscles.8 The rate of absorption in the intestines 
can be limited through an inhibition of the digestion of the 
polysaccharides and disaccharides as well as limiting epithelial 
transport through specific glucose transporters in the intestinal 
epithelial cell membranes.8

Transepithelial glucose transport in the intestines is facili-
tated by a sodium glucose cotransporter (SGLT)1 at the apical 
cell membrane and a glucose transporter (GLUT)2 at the 
basolateral membrane.9 Inhibition of these could lead to 
colonic discomfort due to a higher than normal glucose avail-
ability to the microorganisms in the colon.10 Nevertheless, a 
mild inhibition may slow the absorption of glucose in the 
intestines and hence flatten the postprandial glucose curve.11

Studies show that a number of synthetic as well as naturally 
occurring coumarins can inhibit the enzymes α-glucosidase or 
α-maltase, which convert the disaccharides into simple mono-
saccharides like glucose. The inhibitory effect on α-glucosidase 
can be described to the structure of coumarin-like compounds 
especially the C-C or C-O-C biaryl, terpene sidechain linkage, 
or the cyclobutane ring.12 Several in silico docking experiments 
have confirmed this hypothesis.13-15 However, the abundance of 
studies have been performed in in vitro and animal models, 
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while research on human subjects is not available and the appli-
cability as true antidiabetic agents has yet to be confirmed.

In addition, type 2 diabetes mellitus is generally character-
ized as a condition with a disturbed action of insulin on the 
cellular uptake of glucose with or without a diminished insulin 
availability.16 Insulin release by the pancreas is predominately 
nutrient triggered.17 Advanced research has also identified 
other molecular mechanisms that may initiate insulin release. 
These are, among others, the release of glucagon-like peptide 
(GLP)-1 during meals18 and the inhibition of KATP channels 
by sulfonyl(thio)urea derivatives that are used as oral antidia-
betics.19 Glucagon-like peptide 1 augments the release of insu-
lin by the pancreas after meals through a separate mechanism 
(i.e., not yet fully understood),20,21 but may involve an increased 
sensitivity of the beta-cells of the pancreas for glucose.22 The 
glucose lowering effect of insulin is mainly through the promo-
tion of peripheral cellular uptake of glucose with the aid of 
GLUT4 transporters.23,24

The complications of diabetes are mostly the consequence 
of advanced glycation end products25 or oxidative processes.26,27 
Examples of these are the cataract found in the eyes of diabet-
ics, which is predominantly the consequence of glycation of the 
normally highly transparent lens proteins28 and the diabetic 
retinopathy and nephropathy, which are more the consequence 
of oxidative damage to the blood vessels in these organs.29,30

Consequently, therapeutic strategies for this metabolic dis-
order include inhibition of glucose processing and absorption 
in the intestines,31 stimulation of hepatic and muscle uptake of 
glucose by insulin,32,33 supplementing insulin,34 stimulating 
insulin release,35 decreasing peripheral insulin resistance,36 
inhibition of glucose reabsorption in the kidneys,37 and pre-
vention of the glycation and oxidation of biologically active 
proteins.26,38 Up till now, no single best agent for therapy has 
been found, so the search for effective and more efficient phar-
macological agents is continuing.

Coumarin (Figure 1) is a 1, 2-benzopyrone class of molecule 
that is abundantly found in many plants.39 The molecule and 
its related compounds have been evaluated for a variety of 
pharmacological properties such as antimicrobial,40 anti-
inflammatory,41 antidiabetic,42 and antioxidant43 activity, as 
well as a significant influence on physiological processes like 
enzyme inhibitory activity.44 In plants, coumarins are often 
found in the form of glycosides and esters. Most of the time 
they are in a free form and many of them can sublimate. 
Coumaric compounds are lactones of 2-coumaric acid 

(2-hydroxy-Z-cinnamic acid) and are constructed by a benzene 
ring fused to an α-pyrone ring (Figure 1).45 Based on their 
chemical diversity and complexity, natural coumarins are sub-
divided in various classes like, but not limited to, simple cou-
marins, isocoumarins, furanocoumarins, pyranocoumarins 
(angular and linear), biscoumarins, and phenylcoumarins.46

For the determination of coumarin in drugs, colorimetric, 
fluorometric, and liquid chromatographic methods are used. 
Preparative liquid chromatography and gel filtration are meth-
ods of isolating and purifying coumarins and their heterosides. 
They are photosensitive and when they are characterized by 
UV light absorption (320-380 nm), they can result in blue, 
green, and yellow fluorescence.46 The smell of coumarin is spe-
cific, sweet, and spicy, often like vanilla. Generally, they may 
have a bitter taste.45

The International Union of Pure and Applied Chemistry 
name of Coumarin is 2H-chromen-2-one.47 The general 
molecular formula of the molecule is C9H6O2 and it has a rela-
tively low molecular weight of 146.6 g/mol (Figure 1).45 The 
melting point of the substance is 71°C (344 K), the boiling 
point is 301.71°C (574.86 K), and its density is 0.935 g/cm3. 
The molecule is soluble in hot water, methanol, ethanol, ether, 
chloroform, and other organic reagents.46

Despite the wide availability of coumarins and their lead 
compounds and metabolites in natural products,48 their medi-
cal application until now has been mostly limited to the antico-
agulant activity of warfarin derived from dicoumarol and its 
analogs.49 Warfarin (Figure 2) and its derivatives acenocou-
marol (Figure 3) and fenprocoumon (Figure 4) are widely 
known for their thrombostatic properties.50

However, recent studies support the search for coumarins or 
related compounds with potential blood glucose lowering 
properties. For instance, several Structure-Activity Relationship 
studies showed that coumarins have the potential structure to 
bind to the active site of the enzymes α-glucosidase,13,46,51 a 
key step in the digestion of disaccharides and absorption of 
glucose by the intestines, and aldose reductase52 which is 
involved in the synthesis of advanced glycation end products, 
leading to complications in diabetes mellitus.

Furthermore, investigators successfully bound a coumarin to 
glucagon-like peptide (GLP)-1, with the result that the half-life 

Figure 1.  Basic structure of coumarin.

Figure 2.  Warfarin.
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of this intestinal peptide with insulin release stimulating prop-
erties increased significantly in rats.53 As mentioned earlier, 
GLP-1 augments the release of insulin by the pancreas after 
meals. The protein normally has a very short half life of only a 
few minutes.22 In addition, coumarins reduced the glycation of 
peptides,54 a metabolic step leading to most of the complica-
tions in diabetes.26,38 However, all available evidence has been 
derived from in vitro, in silico, and some animal studies.

The aim of this review is to present an overview of possible 
applications of coumarins or related compounds in the thera-
peutic strategies against type 2 diabetes mellitus and its com-
plications. For this purpose, we reviewed the literature from the 
year 2000 onward. Preliminary searches revealed that before 
2000, very few or no investigations were performed in this area. 
Despite this, older reports containing a clear lead toward the 
applicability of compounds were also included. The reported 
articles present examples of coumarins or their derivatives with 
different possible mechanisms of action against diabetes.

Methods
An extensive search of the PubMed, Medline, and Google 
Scholar databases was conducted to identify relevant reports 
concerning coumarins and different pathogenetic aspects of 
diabetes mellitus including intestinal processing of glucose, 
absorption of glucose, regulation of glucose metabolism, insu-
lin secretion, insulin sensitivity, and complications of diabetes. 
The search strings included “coumarin AND glucose,” “cou-
marin AND diabetes mellitus,” “coumarin AND nephropathy,” 
“coumarin AND neuropathy,” and “coumarin AND retinopa-
thy.” A preliminary search was performed in November 2020. 
The actual search was performed from 18th to 25th December 
2020. Additional searches were performed in April and June 
2021. We reviewed all publications in English and those hav-
ing English abstracts. Articles reporting coumarin or coumarin 
related compounds with a possible antidiabetic activity in in 
vitro, in vivo, and in silico models were included. Articles cited 
in the reference lists of identified publications were considered 
as a potential source of information. Studies of raw material 
with a possible coumarin content that did not mention the 
exact (groups of ) molecules or a specific mechanism of action 
were excluded. The compounds have been grouped according 

to their possible mechanisms in 3 categories, carbohydrate 
digestion and glucose absorption, cellular glucose uptake, and 
complications of Diabetes Mellitus. All figures were drawn 
with Chem Office 2016—ChemDraw.

Results
Results have been grouped by their possible mechanism of 
action. Table 1 gives an overview of the reported compounds, 
their possible mechanism of action, their source and the refer-
ences citing them. Figures 5 to 14 show the chemical structures 
of the most cited and promising compounds.

Coumarins and intestinal carbohydrate digestion 
and absorption of glucose

Investigators synthesized about 17 coumarin derivatives that 
showed varying degrees of inhibition on α-glucosidase with 
IC50 values ranging between 1.10 ± 0.01 and 36.46 ± 0.70 μM 
compared with acarbose having IC50 values 39.45 ± 0.10 μM in 
an in vitro assay.13 In another study, synthetic coumarin deriva-
tives inhibited α-glucosidase in a reversible fashion. The study 
further showed that the coumarins formed hydrogen bonds 
with LYS293 on the enzyme to lower the binding affinity for 
the saccharose in silico.51 Furthermore, coumarin derivatives like 
N′-{2-(2-[3,4-dichlorobenzyl]-4-oxoquinazolin-3[4H]-yl)
acetyl}-2-oxo-2H-chromene-3-carbohydrazide and N′-{2-(2-
[4-bromobenzyl]-4-oxoquinazolin-3[4H]-yl)acetyl}-2-oxo-
2H-chromene-3-carbohydrazide showed pancreatic lipase and 
α-glucosidase inhibition properties.55 In other studies, synthe-
sized coumarin hybrids showed inhibition of the activity of α-
glucosidase, α-amylase, and α-galactosidase, while some of 
them stimulated glucose uptake by cultured hepatic cells.56 
Other coumarin hybrids showed a higher affinity for α-
glucosidase than the standard acarbose.57 Molecular docking 
and in silico studies revealed, as mentioned earlier in the intro-
duction, that the mechanism of action was probably based on 
the reversible binding on the active sites of the enzymes.46,51,57-59

In addition to these (semi) synthetic coumarins, naturally 
occurring compounds also showed in vitro inhibition activity 
on the above-mentioned enzymes. Scopoletin (Figure 5) is a 
coumarin that is widespread in the plant world. Investigators 
showed that this compound inhibited α-glucosidase in vitro 
and reduced the postprandial glucose level in mice.60 The latter 
effect is possibly the result of phosphatidylinositol-3-kinase 
induced expression of the plasma membrane GLUT4.61

Figure 3.  Acenocoumarol.

Figure 4.  Fenprocoumon.
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Table 1.  Examples of coumarins with effects hinting toward a possible antidiabetic action.

Compound Observed effect Source Research method References

3-(5′-Methyl-2′-aryl-3′-[thiazol-
2′-yl amino] thiazolidin-4′-one) 
coumarin

Hypoglycemic Synthetic In vivo/animal Kini and Ghate73

3-coumarincarbohydrazides Inhibition of α-glucosidase and 
pancreatic lipase

Synthetic In vitro/in silico Xu et al51

3-coumarincarbohydrazones Inhibition of α-glucosidase Synthetic In vitro/in silico Taha et al13

4-hydroxy Pd-C-III coumarin Inhibition of α-glucosidase
Inhibition of Protein Tyrosine 
Phosphatase 1B

Semi-synthetic In vitro Ali et al63

Coumarin Prolonging half life of GLP1
Enhanced glycolysis and 
decreased gluconeogenesis 
Increasing insulin and decreasing 
glucose in diabetic rats
Reduced protein glycation

Natural/
semisynthetic

In vitro/in vivo/animals Han et al53, Abul Qais 
and Ahmad54, Pari and 
Rajarajeswari74

Coumarin diglycoside Stimulation of insulin release Natural In vitro/cell culture Cao et al72

Coumarin-3-carboxylic acid 
derivatives

Decreased gluconeogenesis Semi-synthetic In vitro/cell culture Ji et al95

Coumarin-cyclic imide 
conjugates

Increased cellular uptake of 
glucose

Synthetic In vitro/cell culture Reddy et al82

Decursinol Inhibition of α-glucosidase Natural In vitro Ali et al63

Esculin Increased cellular uptake of 
glucose

Natural In vitro/cell culture/in 
vivo/animals

Mo et al87

Ficusin Increased cellular uptake of 
glucose

Natural In vivo/animals/in silico Irudayaraj et al83

Flavonoid-coumarin hybrids Inhibition of α-glucosidase/
Increased glucose uptake by 
hepatic cellular cells

Synthetic In vitro/cell culture Sun et al56

Fraxetin Increased cellular uptake of 
glucose

Natural/
semisynthetic

In vitro/cell culture/in 
vivo/animals

Mo et al87

Isofraxidin Lowers triglyceride and total 
cholesterol content of liver cells. 
Possible enhanced sensitivity 
for insulin

Natural In vitro/cell culture/
animals

Li et al76

Isorutarine Inhibition of α-glucosidase Natural In silico Mishra et al67

Osthole Increased cellular uptake of 
glucose
Increased bone fromation

Natural In vitro/cell culture/in 
vivo/animals

Lee et al85, Alabi 
et al86, Mo et al87, Gao 
et al97

Praeruptori Inhibition of SGLT1 Natural In vitro/cell culture Oranje et al69

Pteryxin Selective inhibition of SGLT1 
and Lowering of intracellular 
triglyceride content

Natural In vitro/cell culture Oranje et al69

Quinazolinone-coumarin 
hybrids

Inhibition of α-glucosidase Natural In vitro/in silico Menteşe et al55

Scoparone Inhibition of glucose induced 
proliferation of mesangial cells

Natural In vitro/cell culture Wang et al100

Scopoletin Inhibition of α-glucosidase and 
reducing the postprandial 
glucose level
Increased sensitivity for insulin

Natural In vitro/in vivo/animal Jang et al60, Jang 
et al61

Selaginolide A Inhibition of Protein Tyrosine 
Phosphatase 1B

Natural In vitro/cell culture Nguyen et al80

 (Continued)
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Compound Observed effect Source Research method References

Skimming Decreased glomerulosclerosis Natural In vivo/animals Sen et al101

Umbelliferone Increased cellular uptake of 
glucose

Semi -Synthetic In vivo/animals Naowaboot et al84, 
Ramesh and 
Pugalendi94

Decreased gluconeogenesis

Table 1.  (Continued)

Figure 5.  Scopoletin.

Figure 6.  Decursinol.

Figure 7.  Pteryxin.

Figure 8.  Esculin.

Figure 9.  Fraxetin.

Figure 10. O sthole.

Figure 11.  Ficusin.

Coumarins extracted from the flowers of Edgeworthia gard-
neri significantly inhibited the in vitro activity of both α-
amylase and α-glucosidase.62 At least 2 coumarins, 4-hydroxy 
Pd-C-III, and decursinol (Figure 6) isolated from Angelica 

decursiva also showed α-glucosidase enzyme inhibition,63 while 
a cinnamon extract with abundant coumarin derivatives inhib-
ited the enzyme in vitro and lowered the postprandial glucose 
excursion in diabetic rats.64 Recent reports also confirmed the 
α-glucosidase inhibition properties of other plant-derived 
pyranocoumarins.65,66 With computer aided drug design tech-
nology, researchers identified the best active coumarin deriva-
tives to inhibit lysosomal α-glucosidase. They found that 
isorutarine, among a few others, showed a good in silico inhibi-
tion of the enzyme. In addition they showed that substitution 
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with hydrophobic groups at the C4 and C5 positions of the 
coumarin ring increased the activity, while substitutions at the 
C1, C2, C3, C6, C7, and C8 on the contrary showed a decreased 
activity of the compounds.67

A relatively early investigation already showed the inhibi-
tory activity of coumarin-like compounds on sodium-depend-
ent glucose absorption in brush border membrane vesicles 
isolated from rat small intestine.68 Moreover, in a well-carried 
out comprehensive in vitro study, several naturally derived 
pyranocoumarin compounds like pteryxin (Figure 7) and 
praeruptorin showed significant and selective SGLT1 inhibi-
tion in cultured adapted Chinese Hamster Ovary and Caco-2 
intestinal cells,69 with a potential effect on transepithelial 
intestinal glucose absorption. It is noteworthy that pteryxin 
also demonstrates favorable effects on fat metabolism, since it 
suppressed the triglyceride content in both cultured adipocytes 
and hepatocytes,70 a factor that could reduce resistance to insu-
lin action.

Finally, in a study carried out with an extract of various 
herbs containing an abundance of coumarin, an inhibition of 
transepithelial glucose transport was observed in a cell culture 
model of the intestine.71 Unfortunately, it was not determined 
whether this effect could be specifically ascribed to the action 
of the coumarins, but the mechanism hinted toward interfer-
ence with the SGLT-1 and GLUT-2 transporters.

Possible effects of coumarins on glucose uptake

Lately, coumarins stimulating or prolonging the release of 
insulin have been identified. The 6-Prenylcoumarin-7-O-b-
D-apiofuranosyl-(1!6)-b-D-glucopyranoside coumarin deriv-
ative induced at least 2 times more insulin release from cultured 
pancreatic islet cells compared to glucose alone,72 but the study 
did not reveal any mechanism of action. Synthetic 3-(5′-Methyl-
2′-aryl-3′-[thiazol-2ʺ-yl amino] thiazolidin-4′-one) coumarin 
derivatives led to hypoglycemic effects in diabetic Wistar rats.73 
However, it is not entirely clear from the report whether this 
could be ascribed to an increased insulin activity. Moreover, 

researchers conjugated glucagon-like peptide 1 with coumarin 
and achieved a longer half-life for the peptide and consequently 
prolonged the insulin increasing effect53 with this molecular 
binding. In another study, investigators showed that coumarin 
itself increased the insulin level and reduced the level of glucose 
in plasma of diabetic rats possibly through increased activity of 
the glycolytic enzyme hexokinase and the hepatic shunt 
enzyme glucose-6-phophate dehydrogenase or decreased activ-
ity of the gluconeogenic enzymes glucose-6-phosphatase and 
fructose-1,6-biphosphatase.74

Most of the identified compounds work through enhance-
ment of the sensitivity to insulin on a cellular level in fat, liver, 
or muscle tissue. Free fatty acids among other factors contrib-
ute to the development of insulin resistance.75 The coumarin 
Isofraxidin altered lipid metabolism in cultured hepatic cells 
and mice with induced liver steatosis and decreased plasma 
free fatty acids through enhanced phosphorylation of adeno-
sine monophosphate (AMP)-activated protein kinase among 
other actions.76 Researchers also synthesized several cou-
marins which antagonized aldehyde dehydrogenase 1A1 that 
improved palmitic acid-induced impairment of glucose con-
sumption in cultured hepatic cells,77 a process that may result 
in a possible increased sensitivity for insulin. The observed 
glucose lowering activity of coumarin that has been previously 
mentioned, might be partly the result of an enhanced sensitiv-
ity to insulin since apart from the increased insulin level, a 
significant increase in the levels of the glycolytic enzyme 
hexokinase and the hepatic shunt enzyme glucose-6-phophate 
dehydrogenase was observed in the liver of the animals treated 
with the compound.74

Currently, Protein Tyrosine Phosphatase 1B inhibitors are 
being considered as potential antidiabetic agents. This enzyme 
has a negative feedback on the insulin signaling pathway, hence 
inhibition of this phosphatase may result in an increased sensi-
tivity for insulin.78,79 The coumarin selaginolide A demonstrated 
inhibitory activity on this enzyme as well as on α-glucosidase80 
and in this way may have a beneficial effect on diabetes. Docking 
studies with dihydroxanthyletin-type coumarins—(+)-trans-
decursidinol showed that they preferably bound with the active 
site of Protein Tyrosine Phosphatase 1B.81

Coumarin-cyclic imide conjugates increased the glucose 
absorption rate to a level that is comparable to metformin in 
cultured hepatic carcinoma and kidney cells.82 The furanocou-
marin ficusin significantly improved the cellular uptake 
through the translocation and activation of GLUT4 in the 
plasma membranes of adipose tissue of diabetic rats.83  

Figure 14.  Scoparone.
Figure 12.  Umbelliferone.

Figure 13.  Alpha-lipoic acid.
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In addition to this, it also lowered serum fat and demonstrated 
antioxidant activity, 2 processes that enhance the sensitivity to 
insulin.83 A 7-hydroxycoumarin, also known as Umbelliferone 
(Figure 12), significantly reduced the elevated blood glucose 
level and insulin resistance, and increased liver glycogen in dia-
betic rats, probably due to increased mobilization of GLUT4.84 
The naturally occurring coumarins osthole (Figure 10) and 
scopoletin (Figure 5) significantly induced AMP-activated 
protein kinase, which is favorable for preventing and treating 
type 2 diabetes mellitus. They also increased the level of trans-
location of GLUT4 to plasma membranes, increased the glu-
cose uptake in skeletal muscle and fat cells, and reduced the 
plasma glucose level in diabetic mice.61,85 Furthermore, osthole 
increased the absorption of glucose in cultured fibroblasts.86 A 
similar effect was observed in dexamethasone induced diabetic 
mice with the coumarin esculin.87 Esculin (Figure 8), fraxetin 
(Figure 9), and osthole (Figure 10) also were able to promote 
glucose uptake in cultured normal and insulin resistance-
induced myotubes.87 Moreover, coumarins demonstrate anti-
oxidant activity, an action that increases the sensitivity for 
insulin.88,89

Novel production of glucose90 in the liver91 and other organs 
like the kidney92 may also contribute to an increased glucose 
level in plasma.93 Coumarin itself significantly reduced the 
hepatic gluconeogenic enzymes glucose-6-phosphatase and 
fructose-1,6-bisphosphatase in diabetic rats.74 Umbelliferone 
decreased blood glucose and HbA1c, as well as the activities of 
glucose-6-phosphatase and fructose-1,6-bisphosphatase.94 In 
addition, it elevated plasma insulin and liver glycogen as well as 
glucokinase and glucose-6-phosphate dehydrogenase in dia-
betic rats.94 Coumarin-3-carboxylic acid derivatives inhibited 
the uptake of lactate by several tumoral cell lines.95 Hepatic 
conversion of lactate is one of the known mechanisms for 
gluconeogenesis.96

Coumarins and complications of diabetes

In a very recent in vitro study, coumarin showed up to 80% 
reduction of the glycation of human serum albumin by glucose 
and methylglyoxal.54 On one hand, this is a favorable action, 
but we must realize that the monitoring of therapy of diabetes 
also depends on the amount of glycated hemoglobin (HbA1C). 
A lower level of this product induced by coumarin might falsely 
implicate a successful therapy, when we realize that these mol-
ecules are abundant in food and supplements and potentially 
might lower the glycation of peptides, including hemoglobin 
and albumin. Like most natural products, coumarins have also 
proven to possess antioxidative properties. Isofraxidin,76 cou-
marin,43 ficusin (Figure 11),83 umbelliferone,77 and coumarin-
3-carboxamides and their hybrids with alpha-lipoic acid 
(Figure 13)88 are examples of coumarins or their derivatives 
with antioxidant capability. Investigators demonstrated an 
increased bone formation effect of the coumarin-like osthole in 
mice,97 which is possibly capable of reversing the osteolysis 

found in the periodontal space of diabetics.98 This is a well 
known complication of the disorder.

Coumarins derived from the plants Urtica dentata,99 Artemisia 
capillaries,100 and Hydrangea paniculate101 showed the potency to 
slow down the progression of diabetic nephropathy. The total 
coumarin content of Urtica dentata prevented the high glucose-
induced proliferation and hypertrophy of a mesangial cell line, a 
preliminary process in the development of the nephropathy.99 In 
addition they significantly reduced albuminuria and serum creati-
nine in streptozotocin-induced diabetic rats.99 The coumarin 
scoparone, found in Artemisia capillaries, also inhibited the glu-
cose induced proliferation of cultured mesangial cells.100 Finally, 
treatment with the compound skimming found in Hydrangea 
paniculate, led to a lower degree of glomerulosclerosis compared 
to losartan treated streptozotocin-induced diabetic rats.101 The 
mechanism of this process has not been elucidated yet.

Conclusion
Diabetes is a very disabling disorder and its prevalence is pro-
jected to have a considerable burden on the world economy. The 
current treatment strategies vary from changes in lifestyle to 
medication, and surgical intervention of complications. However, 
they all stop short of curing the disease. Consequently, the search 
for more effective and efficient therapeutic strategies, especially 
new drug agents, is continuing. In the past decades, a substantial 
number of natural and (semi)synthetic coumarins have been 
acquired. Among these, there are a number with proven efficacy 
in in vitro and in silico studies as well as in some animal models.

The abundance of the coumarins mentioned in this review 
inhibit the intestinal enzyme α-glucosidase. Examples of these 
are scopoletin, decursinol, and flavonoid hybrids of coumarin. 
Inhibition of this enzyme blocks the formation of glucose in the 
intestines and therefore limits the absorption rate of the carbo-
hydrate. The coumarins pteryxin and praeruptorin inhibit 
sodium coupled glucose transport across the intestinal epithe-
lium. Several coumarins have been found that are able to 
increase the secretion of or the sensitivity for insulin. Examples 
of these are coumarin, ficusin, esculin, fraxetin, and osthole. 
Some other compounds like coumarin, umbelliferone, and cou-
marin-3-carboxylic acid derivatives have the potential to inhibit 
gluconeogenesis. Finally the coumarins scoparone and skim-
ming have demonstrated properties that might be useful in the 
management of diabetic nephropathy.

Unfortunately, up till now these studies have been limited to 
in vitro and in silico biochemical and simple animal studies. No 
clinical trial has yet been performed. The absence of these as 
well as the absence of detailed studies addressing biochemical 
or physiological and pharmacological mechanisms in suitable 
animals still limit the prospect of one of these agents to be 
developed into a useful drug against type 2 diabetes mellitus. 
There is thus still a long way to go to formulate clinical appli-
cable agents from this group with high efficiency and low tox-
icity. However, the future of these compounds as potential 
antidiabetic agents looks promising.
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