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ARTICLE INFO ABSTRACT

Micro-vascular diseases and its associated complications continue to be a significant health problem worldwide.
Vascular lesions from microvascular involvement lead to impaired blood flow and contribute to damage and
dysfunction of one or more target organs, that is, the heart, kidneys, eyes, and nervous system. Calcium
Dobesilate Drug (CAD) is an established vasoactive and angioprotective drug that has shown a unique, multi-
target mode of action in several experimental studies and in different animal models of diabetic microvascular
complications. CAD has been widely used as an antioxidant and a vascular protective agent. At present, the
application of Calcium Dobesilate is mainly related to Micro-vascular damage-related diseases, such as diabetic
retinopathy (DR) and diabetic nephropathy (DN), and it is found to significantly improve the related symptoms.
Its beneficial effects make it an attractive therapeutic compound especially in the early stages of these diseases.
Scholars at home and abroad have studied the effectiveness, safety, and mechanisms of the related diseases,
furthermore, the subjects involved patients and animal models, they have found some new clinical effects of this
medicine. This paper makes a brief summary of a research progress of clinical application about Vascular injury
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related diseases and other aspects.

CAD (calcium 2,5-dihydroxybenzenesulfonate) is a vascular pro-
tective drug that has been used in some countries for the treatment of
DR and chronic venous insufficiency in the past few decades [1,2]. The
drug was recorded in the European pharmacopoeia in 1997 and the
British Pharmacopoeia in 1998. It was put on the market in June 2001
and has been currently used mainly in the treatment of Micro-vascular
related diseases such as DR and chronic kidney disease (CKD). Calcium
dobesilate is considered an angioprotective drug that can reduce blood
viscosity, platelet activity and capillary permeability, as well as alle-
viate microcirculatory and hemorheologic abnormalities [2]. In addi-
tion, recent studies have demonstrated that CAD exerts protective ef-
fects against diabetic nephropathy [3] and gentamicin-induced acute
kidney injury [4]. However, some side effects of the drug have also
been found as it has been widely used in clinical applications, which we
will describe in detail below. At present, it has been found that the drug
has significant effects on diabetic retinopathy, diabetic nephropathy
and diabetic peripheral neuropathy [5-7] (Table 1).Studies on this drug
were also increasingly in-depth, including drug efficacy, drug safety,
and drug action mechanism. At the same time, some new clinical ap-
plications of CAD have been gradually discovered, and the progress of
research and application is summarized briefly (Table 2).

1. Calcium Dobesilate and Micro-vascular injury

Micro-vascular injuries are mainly seen in the retina, kidney, nerves
and myocardial tissue, especially DN and DR. DR and DN, which belong
to diabetic Microangiopathy have a similar patho-physiological basis.
The antioxidant and vascular protective effects of CAD have been de-
monstrated both in vivo and vitro experiments. For example, peritoneal
permeability induced by oxidant stress was reduced after CAD treat-
ment. CAD lowered the permeability of the blood vessels in ischemia-
reperfusion injury models [8-11]. Experiments in vitro strongly de-
monstrated that the antioxidant properties of CAD play an important
role in Micro-vascular injuries via its direct scavenging action, espe-
cially by eliminating the reactive oxygen species (ROS) [12,13].In ad-
dition to its antioxidant effects, CAD can inhibit the proliferation of
blood vessels at a certain concentration, but its anti-angiogenic effect is
dose-dependent [14,15].Despite increasing antiangiogenic efficacy
with dose escalation, the only significant antiangiogenic scores ob-
tained were 10-5 and 10-4 M concentrations of CaD [9]. In contrast,
Larsen and Rasch et al. failed to demonstrate the beneficial effect of
CAD on capillary resistance and its role in delaying the progression of
DR [16,17].
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Table 1
Effects of calcium dobesilate on diabetic retinopathy, diabetic nephropathy and diabetic peripheral neuropathy.
Type Doses Period of treatment  Effects
Diabetic retinopathy 0.5 g daily 3 months The serum levels of endothelin-1 and hsCRP were reduced [5].
Diabetic nephropathy 0.5g, 3 times 3 months The 24 h urinary albumin and 24 h urinary protein levels significantly decreased, but the cystatin C-
daily based glomerular filtration rate (GFR) remained unchanged [6].
Diabetic peripheral neuropathy  0.5g, 3 times 2 weeks It showed good clinical efficacy and an improved curative effect than single alprostadil treatment [7].
daily

Table 2
Clinical applications of Calcium Dobesilate.

Type Application

Microvascular diseases

Other vascular diseases

Other diseases
retinopathy.

Diabetic retinopathy, renal microvascular damage, diabetic peripheral neuropathy, microvascular lesions of the heart.
Pregnancy-associated hypertension, erectile dysfunction in men, chronic venous insufficiency.
Rosacea, galactose cataract, reducing the levels of serum endothelin-1, hsCRP, total cholesterol, triglyceride and serum AST in patients with diabetic

1.1. The mechanisms of CAD improving microcirculation and reducing
Micro-vascular injury

We summarized the mechanisms as follows (Table 3):

1.1.1. Reducing platelet aggregation caused by thrombin or collagen

[18].

Significantly protecting peritoneal vascular from ROS effects of

penetration [8].

Calcium dobesilate could inhibit capillary permeability, which is

induced by vaso-active substances such as serotonin, bradykinin,

and histamine [19].

. Reducing endothelial shedding by the synthesis and release of
nitric oxide [19].

. Reducing platelet aggregation by inhibiting prostaglandin and
reduce erythrocyte aggregation and viscosity of suspension [19].

. Down-regulating the expression of vascular endothelial growth
factor (VEGF) and fibroblast growth factor (FGF) to inhibit vas-
cular endothelial cell proliferation [20-22].

1.1.2.

1.1.3.

1.2. Calcium Dobesilate and Diabetic Retinopathy

DR is an important cause of blindness in the working age population
and is a major socio-economic problem [23,24]. The development of
diabetic retinopathy is a multi-factors process, and many of the da-
mages are due to retinal vascular extravasations and retinal hypo-
perfusion [25]. CAD which is, one of the few vascular protective agents
that can slow the progression of this disease, was discovered more than
40 years ago and has have been registered as a treatment for DR in more
than 20 countries. A systematic review and meta-analysis supported the
effectiveness of CAD in diabetic retinopathy at both the systemic and
local levels of the eye [26]. The clinical efficacy of CAD for DR is
achieved by alleviating the high permeability of retinal vessels [27,28]
and reducing the leakage of retinal albumin in diabetic animals, which
also supports its beneficial effect on the permeability of the blood-ret-
inal barrier [29]. It has also been suggested that CAD can stabilize the

Table 3

blood-retinal barrier in diabetic rats because of its antioxidant effects
[30]. Moreover, CAD could relieve retinal edema through protecting
the injured retina from oxidative stress induced by ischemia-reperfu-
sion.

Ermelindo C. Leal et al. confirmed that CAD could reduce ROS
generation and nitrosation stress because it completely blocks the in-
creases in the Carbonyl-Oxide (CH5O,) and protein tyrosine residue
caused by diabetes. The inflammatory changes that result from oxida-
tive stress can lead to the breakdown of the blood-retinal barrier, their
findings further support the view that CAD's vascular protection may be
largely due to its antioxidant properties [31]. Ermelindo C. Leal et al.
first clearly showed that CAD could inhibit the changes in tight junction
protein, ICAM-1, and adhesion of white blood cells, which play an
important role in increased retinal vascular permeability. Their study
showed that the protective effect of CAD on intercellular permeability
may be due to the inhibition of oxidative stress through inhibiting the
activation of p38 MAPK and NF-kB pathways, which mediated the
permeability of the blood retinal barrier [32,33]. This study revealed
the molecular and cellular mechanisms of CAD's protective effects on
diabetic retinal vascular disease and stressed the CAD's role in the
treatment of DR, especially in the early stages of the disease [31].

The possible protective mechanisms of CAD on DR are summarized
as follows (Table 4):

1.2.1. It can reduce the uneven distribution of ion content in the retina
caused by ischemia-reperfusion by reducing the inhibition of Na
+-K+-ATPase and Ca2+-Mg2+-ATPase's activity, resist the
changes of ATP in the retina, prevent the loss of glutathione
(GSH) in cells.

Inhibition of aldose reductase [34].

CAD can recover the vascular responses induced by acetylcho-
line, noradrenalin, and caffeine. It can also reduce the changes in
vascular reactivity [9].

It can Inhibit leukocyte adhering to retinal blood vessels and
suppress oxidative stress through p38 MAPK and NF-kB path-
ways [31].

1.2.2.
1.2.3.

1.2.4.

The mechanisms of CAD improving microcirculation and reducing Micro-vascular injury.

Type

Mechanisms

Improving microcirculation and reducing Micro-vascular injury

Reducing platelet aggregation [18].

Protecting peritoneal vascular from ROS effects of penetration [8].
Inhibiting capillary permeability [19].

Reducing endothelial shedding [19].

Reducing erythrocyte aggregation and viscosity of suspension [19].
Inhibiting vascular endothelial cell proliferation [20-22].
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Table 4
The possible protective mechanisms of CAD on DR.
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Type Mechanisms

Calcium Dobesilate and Diabetic Retinopathy
glutathione (GSH) in cells.
Inhibiting aldose reductase [34].

Reducing the uneven distribution of ion content in the retina, resisting the changes of ATP in the retina and preventing the loss of

Recovering the vascular responses induced by acetylcholine, noradrenalin, and caffeine. It can also reduce the changes in

vascular reactivity [9].

Inhibiting leukocyte adhering to retinal blood vessels and suppress oxidative stress [31].

Reducing retinal albumin leakage.

Reducing the level of retinal AGEs and VEGF and reversing retinal high permeability [30].

1.2.5. It can reduce retinal albumin leakage.

1.2.6. It can significantly reduce the level of retinal AGEs (advanced
Glycation end products) and VEGF and reverse retinal high
permeability [30]. In addition, VEGF is overexpressed in the
retina of diabetic rats, and is involved in the leakage of blood
retinal barrier as well as the process of leukocyte adhesion
[35,36].

However, in a five-year follow-up study of 635 patients with type 2
diabetes (mild to moderate no-proliferative DR). Christos Haritoglou
et al. found that CAD could not prevent clinical significant macular
edema (CSME) occurrence nor development. It is worth noting that they
found no effect of the drug in patients who are in good control of blood
glucose and blood pressure in the normal range, and in specific sub-
groups of patients, the placebo group was significantly better than that
of CAD group. Their data showed that women with risk factors for the
vascular disease might benefit from CAD treatment, although this ex-
planation still needs further reasoning [37].

A study on laser treatment for diabetic macular edema with calcium
dobesilate, found out the difference between the treatment group and
the control group had no statistical significance [38]. There are also
some studies found no beneficial effects of this drug for DR patients
who were treated with the lower dose and shorter time (6—12 months)
[30,39].

1.3. Calcium Dobesilate and Renal Micro-vascular damage

We studied a number of animal models with kidney diseases showed
that the progressive fibrosis of kidney is closely related with the im-
pairment and reduction extent of peritubular capillaries [40-42]. The
damage and loss of Renal Micro-vascular can cause local tissue ischemia
and hypoxia, which could lead to oxidative stress as well as aggravation
of renal damage. Maintenance of the Renal Micro-vascular function and
number can reduce renal histological damage as well as the deteriora-
tion of renal function, thereby delaying the process of the renal fibra-
tion [43].

As an antioxidant and Micro-vascular protective agent, CAD has
been used clinically in patients with CKD. In clinical trials, CAD can
significantly improve the renal dysfunction of CKD [44]. Our animal
experiments found that CAD could reduce the urinary protein excretion
of rats with Adriamycin Nephropathy which showed its protective ef-
fect on kidney. Nevertheless, the role of CAD improving renal function
is unknown and needs further study.

Studies on the mechanisms of CAD's protective effect on Renal
Micro-vascular (Table 5):

1.3.1. Reducing the level of Plasma Endothelin. The plasma endothelin
(ET) level was decreased compared with the baseline which se-
cretion could be reduced in the renal cortex of animal models
[3,45]. In addition, calcium dobesilate can also alleviate vascular
injury and protect the early DN vascular endothelium [46].

Inhibiting the activity of PAI-1 and increase the activity of t-PA:
The role of calcium dobesilate inhibiting the activity of plasma

1.3.2.

1.3.3.

1.3.4.

1.3.5.

plasminogen activator inhibitor 1 (PAI-1), increasing the activity
of tissue-type plasminogen activator (t-PA) could be a me-
chanism of anti-thrombosis and improve Micro-circulation, de-
laying the renal fibrosis and reducing serum creatinine.

CAD had antioxidant effects: (Mostafa Jafarey et al.) first studied
the protective effects of CAD on renal toxicity induced by
Gentamicin whose results showed that CAD could reduce the
renal toxicity induced by Gentamicin. The reason may be that
CAD has antioxidant properties which could enhance the anti-
oxidant system. These findings demonstrated that CAD was a
novel kidney protector against renal toxicity induced by amino-
glycosides and had medical effects. Furthermore, compared with
the Gentamicin group, they found that CAD could reduce tissue
malondialdehyde and increase tissue iron antioxidant capacity
[4]1.

Maintaining the integrity of the glomerular filtration barrier:
CAD could inhibit the synthesis of collagen in glomerular base-
ment membrane [47]. CAD could significantly improve the
morphology of renal tissue in CRF rats. After studying the ultra-
structure of the glomerulus, Dong J et al. found that CAD had the
following effects on the glomerular capillary filtration barrier:
First, it prevented the thickening of glomerular capillary base-
ment membrane (or decreased its thickening). Second, it allowed
the gap between endothelial cells and podocytes to be more
uniform, preventing disruption of podocyte-processes. The his-
tological features and the expression of type IV collagen changes
showed that CAD could reduce the deposition of collagen type IV
in diabetic glomerular basement membrane as well as maintain
the integrity of glomerular basement membrane, and then pro-
tect the glomerular filtration barrier from further destruction in
DN and improve the glomerular filtration function of end-stage
DN [48].

Experiments in vivo confirmed that glomerular basement mem-
brane thickening and collagen IV deposition were associated
with an increased expression of matrix metalloproteinase in-
hibitor-1 (TIMP1) in diabetic rats [49]. Studies by Dong J et al.
showed that CAD could inhibit the deposition of collagen IV in
the glomerular basement membrane, reducing the deposition of
extracellular matrix and protect the glomerular filtration barrier,
which may be related to the decreased expression of TIMP1 [48].
Whether CAD can also affect the activity of TIMP1, needs some
further study.

Improving the micro-inflammatory state of the patients: Studies
have shown that CAD may lower plasma levels of the hy-
persensitive C reactive protein (hsCRP) and ameliorate the state
of micro-inflammation in maintaining hemodialysis patients. The
inflammatory and atherosclerotic effects of CRP may lead to an
increase in reactive oxygen species and the proliferation of vas-
cular smooth muscle cells [50,51]. Uremic patients do have a
state of micro inflammation. Xia Y et al. observed that CAD could
significantly reduce the concentration of blood hs-CRP and IL-6
in maintenance hemodialysis patients, albumin, prealbumin, and
transferrin concentrations were also significantly elevated.



J. Liu, et al.

Table 5

The mechanisms of CAD's protective effect on Renal Micro-vascular.
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Type

Mechanisms

Calcium Dobesilate and Renal Micro-Vascular damage

Reducing the level of Plasma Endothelin [3,45].

Inhibiting the activity of PAI-1 and increase the activity of t-PA.
Having antioxidant effects [4].

Maintaining the integrity of the glomerular filtration barrier [48].
Improving the micro-inflammatory state of the patients [50,51].
Down-regulating the over expression of BIM [52].

Furthermore, CAD could improve the micro-inflammation and
nutritional status of the patients, and the effect was more ob-
vious with the prolongation of time.

Down regulating the over expression of BIM: Calcium dobesilate
protected against the apoptosis of proximal tubular epithelial
cells induced by high glucose, in addition to the antioxidant ef-
fects, its possible mechanism was by down regulating the over
expression of BIM, which was a key factor expressing apoptosis
only in renal tubular epithelial cells [52].

Calcium dobesilate was confirmed to negatively interfere with 8
sarcosine oxidase-based methods as determined by experiments
both in vitro and in vivo, albeit to different degrees. However the
mechanism of this interference is not known, so we recommend
using CysC to assess renal function in patients taking CAD [53].

1.3.6.

1.4. Calcium Dobesilate and diabetic peripheral neuropathy

The pathogenesis of diabetic neuropathy involving Micro-vascular
lesions has not yet been fully elucidated. Studies have found that CAD
could improve the symptoms of the patients with diabetic peripheral
neuropathy and their nerve conduction velocity. It is believed that the
drug has a good therapeutic effect in the clinic through the following
pharmacological actions (Table 6):

1.4.1. Correcting the albumin/globulin ratio, reducing plasma visc-
osity. The reduction of platelet clustering was good to prevent
thrombus formation, besides the deformability and flexibility of
erythrocyte was improved.

Blocking the channel of sugar to sorbitol, reducing the content of
sorbitol, and inhibiting the dysfunction caused by the increase of
sorbitol in the blood cells.

Improving the high permeability of capillaries, reducing the in-
timal damage and improving the collagen synthesis of the
basement membrane. Besides, CAD could also inhibit vasoactive
substances, improve lymph circulation and reduce edema.
Inhibiting the quantity and activity of bradykinin, prostaglandin,
increasing the production of nitric oxide, relaxing the Micro-
vascular, inhibiting the proliferation of vascular smooth muscle,
and improving the ischemia and hypoxia state of nerve.

1.4.2.

1.4.3.

1.4.4.

1.5. Calcium Dobesilate and cardiac function

Micro-vascular lesions can be manifested in the myocardium, Micro-
vascular lesions of the heart and disturbance of myocardial metabolism

Table 6
The mechanisms of CAD's protective effect on diabetic peripheral neuropathy.

can cause widespread focal necrosis of the myocardium. Studies have
found that CAD could increase the perfusion pressure of the coronary
arteries, which seemed to be mediated by the endothelium-derived
relaxing factor EDRF, furthermore, the antioxidant properties of EDRF
seemed to be achieved by reducing endothelial dysfunction in re-
perfusion injury. They believed that CAD reduced myocardial cell da-
mage and mechanical dysfunction by preventing endothelial dysfunc-
tion [54]. In addition, calcium dobesilate could improve the blood
rheology of patients undergoing coronary artery bypass grafting, which
could improve the flexibility of red blood cells [55].

2. Other clinical applications of Calcium Dobesilate

In a randomized placebo-controlled clinical trial of 3 months in men
with mild obesity, CAD was found to have no effects on blood pressure,
markers of oxidative response, and endothelial function [56]. Indeed,
animal experiments and in vitro experiments have shown that CAD had
an effect on vascular function [57-60]. Studies have also shown that
two or more antioxidants were crucial for oxidative stress, which may
explain why CAD has not been shown to affect oxidative reactions in
smokers [61].

A study in 1999 found that in women with pregnancy-associated
hypertension, daily administration of 2 g of CAD resulted in a marked
reduction in mean arterial pressure, their data suggested that higher
doses of CAD may have an impact on vascular endothelium and blood
pressure [62].

Alireza Javadzadeh et al. found that patients with DR could lower
their serum levels of endothelin-1, hsCRP, total cholesterol, trigly-
ceride, and serum AST by taking CAD [5].

In the human penile artery, CAD could reverse endothelial dys-
function caused by diabetes via specifically enhancing the hyperpolar-
izing factor derived from the endothelium, thereby being used to treat
erectile dysfunction in men [63].

CAD is considered as a drug for the treatment of rosacea, while in
another study, Cuevas et al. found that the drug could reduce the pa-
thological angiogenesis in women [64].

In a randomized, double-blind, placebo-controlled clinical trial of
chronic venous insufficiency, the calcium dobesilate group was found
significantly reduce the volume of diseased legs [65]. But, overall,
many studies have shown that CAD may have beneficial effects in
chronic venous disease but that further studies are needed to establish a
definitive role for this treatment [66].

Different doses of calcium dobesilate could delay and prevent the
occurrence and development of galactose cataract, and there was no

Type Mechanisms

Calcium Dobesilate and diabetic peripheral
neuropathy

Correcting the albumin/globulin ratio, reducing plasma viscosity.
Blocking the channel of sugar to sorbitol, reducing the content of sorbitol, and inhibiting the dysfunction caused by the

increase of sorbitol in the blood cells.
Improving the high permeability of capillaries, reducing the intimal damage and improving the collagen synthesis of the

basement membrane.

Inhibiting the quantity and activity of bradykinin, prostaglandin, increasing the production of nitric oxide.
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significant difference between different doses of calcium dobesilate on
galactose cataract [67].

Saphenectomy results in ipsilateral leg venous dysfunction, which
could be prevented when CAD is added to usual precautions like varice
socks [68].

3. Drug safety of Calcium Dobesilate

The application of CAD seemed to be safe, a meta-analysis of the
effectiveness and safety about CAD treatment for chronic venous dys-
function confirmed the safety of this drug [69]. The most frequently
reported side effects were fever (26%), other rare complications in-
cluded: gastrointestinal disorders, skin reactions, joint pain, and very
rare agranulocytosis (0.32 cases per million) [19].

4. Conclusion

The clinical application of CAD is becoming more and more ex-
tensive, but researches on improving microcirculation were focused on
DR at home and abroad. Studies of CAD used in other Micro-vascular
damage diseases are rare, mainly seen in the domestic reports, there are
fewer researches on this topic in the world. In addition, the subjects of
the CAD study were mainly animal models, lacking clinical multicenter
follow-up studies. In particular, there are fewer clinical researches on
other Micro-vascular diseases other than DR, and there is a lack of re-
cords about the side effects of Calcium Dobesilate in these clinical
studies. The content of the research mechanism is relatively simple,
mainly focused on the antioxidant effect [8]. The related mechanisms
and efficacy are not yet fully understood, it is worthwhile for us to
further improve the related studies and look forward to more large-
scale and multicenter clinical follow-up studies.
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