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Introduction 
Up to the present, diabetes mellitus correlates with the 
prominent hallmark of chronic hyperglycemia. A plethora 
of experiments unveiled a growing number of newly 
diagnosed cases of diabetic subjects annually, which 
endure diabetes-associated pathologies – in particular 

– vascular malfunction.1 To address the underlying 
mechanism of diabetes pathophysiology, endothelial 
cells, the main cell type that furnishing luminal surface 
of vessels, are extensively being examined during diabetic 
changes.2 Corroborating to literature, an inevitable 
correlation between high glucose condition (HGC) and 
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Abstract
Introduction: Under the diabetic 
condition, sustained production of 
oxidative/nitrosative stress results 
in irreversible vascular injuries. 
A great number of diabetic 
pathologies, such as inefficient or 
aberrant neo-angiogenesis emerge 
following chronic hyperglycemic 
condition. Lack of enough data 
exists regarding hydroxychloroquine (HCQ) contribution on angiogenesis during diabetes 
mellitus. 
Methods: To better address whether HCQ could blunt or exacerbate oxidative status and 
angiogenesis under high glucose condition (HCG), human umbilical vein endothelial cells 
(HUVECs) were exposed to 30 µM HCQ in combination with 30 mM glucose over a course of 72 
hours. Viability was measured  was evaluated by MTT assay. We used Griess method and TBARS 
assay to monitor changes in the levels of NO and MDA followed by flow cytometric analysis 
of ROS using DCFDA. To show the impact of HCQ on cell motility and in vitro angiogenic 
properties, we exploited routine scratch test and in vitro tubulogenesis, respectively. 
Results: Our data showed that HCQ diminished cell viability under 5 and 30 mM glucose contents. 
HCQ significantly decreased the total levels of nitric oxide (NO), malondialdehyde (MDA), and 
reactive oxygen species (ROS) in both sets of environments. Additionally, inhibitory effects were 
observed on cell migration after exposure to HCQ (P < 0.001). Anti-angiogenic activity of HCQ 
was confirmed by the reduction of tube areas under a normal or surplus amount of glucose 
(P < 0.001). 
Conclusion: In overall, results suggest that HCQ changes the oxidative/nitrosative status of 
HUVECs both in 5 and 30 mM conditions. HCQ is able to reduce migration and angiogenic 
activity of HUVECs irrespective of the glucose content.
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of TLRs and adjacent effectors reduce ROS generation.19 
Also, the HCQ administration blunt risk of incident 
diabetes mellitus with advantages on lipids contents and 
glycemic indexes in autoimmune diseases.20,21 It seems 
that HCQ could modulate angiogenic mechanisms by 
the action evoked via immune cells and/or endothelial 
lineage.22 Nevertheless, migratory behavior and pro-/
anti-angiogenic effects of HCQ under HGC and diabetic 
subjects remain to be elucidated.

The current experiment was taken up to address whether 
HCQ, could attenuate or worsen adverse effects of HGC 
on endothelial cell lineage derived from human umbilical 
vein (HUVECs), over a period of 72 hours. Therefore, 
the modulatory effects of HCQ on oxidative/nitrosative 
status, migration and tubulogenesis of 30 mM-treated 
cells were investigated in in vitro condition. It seems that 
the results of the current experiment could help in better 
understanding of the possible effect of HCQ on vascular 
diabetic complications. 

Materials and Methods 
Chemicals 
For cell culture, we used Dulbecco's Modified Eagle 
Medium: Nutrient Mixture F-12 (DMEM/F12, Biowest), 
fetal bovine serum (FBS) was obtained from Gibco. MTT 
powder, Penicillin-Streptomycin and trypsin-EDTA 
solution were purchased from ATOCEL (Budapest, 
Hungary). 2'-7-dichloro-dihydro-fluorescein diacetate 
(DCFDA) and D-glucose were ordered from Sigma-
Aldrich (Schnelldorf, Germany). HCQ was prepared 
from Zahravi Pharmaceutical Company (Tehran, Iran). 
Protein lysis buffer, RIPA, was obtained from Santa Cruz 
(California, USA). Matrigel was purchased from BD 
Biosciences (California, USA).

Cell culture and treatment protocols
We obtained HUVECs from the National Cell bank 
(Pasteur Institute, Iran). HUVECs were cultured in 
DMEM/F12, enriched with 10% FBS and 1% penicillin-
streptomycin. Next, HUVECs were transferred to 
a humidified atmosphere with 7% CO2 at 37°C and 
detached after reaching to 80% confluency exposed to 
0.25% trypsin-EDTA solution. Cells after third passage 
were submitted to the present study. To mimic normal 
and HGCs, the HUVECs were re-suspended in 0.5% 
FBS-supplemented DMEM/F12 medium with 5 mM and 
30 mM D-glucose, respectively. To prepare, drug stock 
solution, HCQ dissolved in distilled water freshly. 

Cell viability 
Time-course determination of effect of HCQ on HUVECs 
viability
In this experiment, to explore the effect of HCQ on 
HUVECs viability 30 µM of this drug was used. Briefly, 
1.5 × 104 cells were transferred onto each well of 96-well 
plates and exposed to the pre-determined concentration 

occurrence of vasculopathy, either micro- or macro-, has 
been elucidated so far.3 Additionally, prolonged exposure 
of endothelial cells to HGC raises hemostasis disturbances 
or cell biochemical abnormalities, which is originated 
by the wide variety of normal or abnormal byproduct 
compounds.4 Considering this statement, oxidative status 
during high blood sugar is touted as one of the main 
issues of current studies correlated with diabetes mellitus.5 
Diabetes is usually accompanied by impaired antioxidant 
defenses or increased generation of free radicals, resulting 
in the hallmark of oxidative stress-related complications.6 
It is thought that reactive oxygen species (ROS) exert a 
crucial effect during intracellular oxidative stress.7 The 
subsequent rise in ROS contents yields a detrimental 
outcome on lipid membranes integrity, cell function and 
the dynamics of nucleic acids and enzymes.8 An enhanced 
degradation of intracellular signaling pathways by ROS 
is thought to be the fundamental mechanism hindering 
nitric oxide (NO) bioavailability during cardiovascular 
disease.9 An impairing NO bioavailability is possibly 
intensified with peroxynitrite formation, named as 
nitrosative deleterious effects.10 Consistent with numerous 
experimental studies, different byproducts could also 
exacerbate this condition. For instance, there are studies 
reporting that elevated levels of plasma malondialdehyde 
(MDA) contribute to increasing the markers of oxidative 
status during diabetes.11 Regardless the biochemical 
alteration, hyperglycemia impairs cell migration, 
endothelial angiogenic capacity, and extracellular matrix 
remodeling.12 Therefore, in diabetic patients deficient 
wound healing is very frequent.3

Hydroxychloroquine (HCQ), a potent anti-
inflammatory and immunosuppressive drug, derived 
from chloroquine is extensively administrated to alleviate 
various diseases, including rheumatoid arthritis, lupus 
erythematosus, malaria, and etc.14,15 This lysosomotropic 
agent accumulates in some acidic organelles, in particular 
lysosomes, yielding in the elevation of concentrations up 
to 1000-fold more than detected in in vitro condition. By 
increasing intralysosomal pH from 4 to 6, the proteolytic 
activity of different enzymes is then neutralized.5 
Additionally, the higher pH within lysosomes brings an 
arrangement of macromolecules inside endosomes, and 
even modifies protein encoding in the Golgi apparatus, 
which results in an inhibitory effect on intracellular 
processing such as autophagy, glycosylation, and secretion 
of numerous proteins.16 With these assumptions, HCQ is 
simultaneously administrated with convenient anti-cancer 
regimens to promote the effectiveness of the therapy by 
enhancing tumor cells killing.17 

A recent intracellular mechanism has been recently 
discovered HCQ inhibited toll-like receptor 9 (TLR-9). 
The TLRs are distributed on the cell surface and act as 
receptors for microbial agents, promoting inflammatory 
responses by engaging the activation of the innate immune 
system of each cell.18 It is well-established that the blocking 
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of HCQ, either condition with normal and/or 30 mM 
glucose content, for three culture time-points, including 
24, 48 and 72 hours. Ultimately, the cell viability rates 
of exposed HUVECs were determined by MTT assay. 
Finally, optical density was read at 570 nm by a microplate 
reader (BioTek). The rate of viable cell survival was 
expressed as a percentage relative to the non-treated 
HUVECs. We monitored any morphological change and 
vacuolating effect under experimental procedure during 
the incubation period. 

Assessment of oxidative/nitrosative stress status 
NO measurement 
The production of NO, under experimental condition 
through different culture time, was determined by the 
colorimetric quantification of accumulated nitrite/nitrate 
levels in the supernatant (nM) using Griess reagent. 
By using this reagent, NO is converted into nitrite. 
In an acidic condition, nitrite produces nitrous acid. 
Following exposure to sulfanilamide, nitrous acid forms 
a diazonium salt and in the presence of N- (1-naphthyl) 
ethylenediamine·2HCL generates an azo dye. Briefly, 
1 × 104 cells/well was plated in 96-well plates. After 
treatment procedure at 24, 48 and 72 hours, 200 µL of 
the supernatant of each sample was incubated 10 minutes 
with 20 µL of Griess A and then incubated 2 minutes 
with 20 µL of Griess B reagents and further analyzed by 
microplate spectrophotometer (BioTek, USA). The NO 
level was presented as nmol and sodium nitrite used to 
draw standard curve.23

Lipid peroxidation determination
The amount  of lipid peroxidation was detected by 
measuring  MDA byproduct based on thiobarbituric 
acid reactive substance (TBARS) generation. First, 1 × 
106 cells/well was expanded in 6-well plates. After 24 
hours, cells treated by HCQ in media which containing 
a different concentration of glucose (5 mM and 30 mM) 
for 24, 48 and 72 hours. After experimental procedure, 
cells (1 × 106 HUVECs/well) were seeded in 6-well plates, 
cellular protein was obtained by RIPA lysis buffer kit. Total 
proteins in the media were measured using Nanodrop 
spectrophotometer (Thermo Scientific NanoDrop™ 
1000). A total of 500 µL of the protein lysates were then 
mixed with 3 mL of 1% phosphoric acid and 1 mL of 0.7% 
thiobarbituric acid solutions. The samples  were incubated 
in boiling water for 45 minutes after cooling of samples, 
they were centrifuged at 1000 g for 10 minutes and optical 
density determined at 532. Finally, the amount of MDA 
was shown as per mg of total extracted protein. 
Intracellular ROS modulation
To understand the contributory effect of HCQ on 
the generation of reactive oxygen species (ROS), we 
performed a flow cytometric analysis in cells co-exposed 
to glucose (5 and 30 mM)  with or without HCQ, plated in 
48-well plates for 72 hours. HUVECs were detached and 
collected by enzymatic method. Here, we incubated cells 

with 10 µM DCFDA for 30 minutes at RT. The percent 
of ROS positive cells was measured by BD FACSCalibur 
system and analyzed by FlowJo version 7.6.1. 

Scratch assay
For this propose, HUVECs were plated onto 6-well plates 
(1 × 106 cells/well) and allowed to reach one-cell-thick 
monolayers. Thereafter, HUVECs were exposed to 30 mM 
of glucose as a negative control and HCQ at 5 and 30 mM 
glucose concentration. Thereafter, scratches were created 
by using yellow pipette tip. The wells were washed twice 
with PBS. We recorded time-lapse images in four different 
points, including 0, 24, 48 and 72 hours after treatment 
and the distances of scratch edges (µm) were scored by 
AxioVision software.

In vitro tubulogenesis 
In vitro capillary-like formation was done in accordance 
with our previous work with some modifications.24 After 
72-hour incubation of HUVECs with pre-determined 
doses of HCQ administered under normal and HGCs, the 
tubulogenesis capacity of HUVECs were determined by 
Matrigel substrate. We transferred 100 µL of Matrigel into 
each well of 48-well plate and maintained 1 hour at 37°C 
to be solidified. Thereafter, 500 µL medium containing 5 × 
104 cells/well of control and treated HUVECs were added 
to Matrigel layer. After 24 hours, 3 high power fields were 
visualized. The area of tubes was calculated by AxioVision 
software (Version Rel 4.8).

Statistical analysis
Data on current experiment are shown as the mean 
± standard deviation (SD) and were evaluated using 
the GraphPad InStat software version 2.02 (GraphPad 
Software Inc.). The data analyses between groups were 
carried out via one-way analysis of variance (ANOVA) 
with Tukey post hoc test. Given results at different times 
were compared mean difference was significant at P<0.05. 
In histograms, the statistical difference between the 
groups presented by brackets with *P < 0.05, **P < 0.01 
and ***P < 0.001.

Results 
HCQ diminished cell viability rate under HGC
Based on data obtained from MTT assay, the cell viability 
rate was increased in 30 mM-treated cells as compared to 
relative 5 mM control group during first 48 hours (P < 0.001) 
while a decline in cells proliferation rate coincided with 
an induced cytotoxic effect at 72 hours (P < 0.01) (Fig. 
1A). At first 24 hours, we found a significant increase in 
cell survival after exposed to a combined regime of HCQ 
and 5 mM glucose as compared to the cells treated with 
HCQ under 30 mM glucose and related control (5 mM 
glucose alone) (P < 0.05). Meanwhile, cell survival rate was 
diminished profoundly in HCQ group under 5 mM glucose 
during 48 and 72 hours compared with 5 mM glucose 
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control group especially at 72 hours (P<0.001). Moreover, 
HCQ potentially yielded a low rate of cell viability under 
high glucose concentration (30mM) during different time 
points compared with parallel control (30mM glucose 
alone) (P < 0.05) (Fig. 1A). The treatment of HUVECs 
with HCQ and 5 mM or 30 mM glucose yielded a striking 
accumulation of intracytoplasmic vacuoles only during 
the first 24 hours (Fig. 1B). Notably, the accumulated 
vacuoles subsequently disappeared after 24 hours under 
HCQ treatment in which we could not detect the vacuoles 
at 48 and 72 hours (data not shown). 

HCQ could mitigate oxidative/nitrosative stress status in 
HUVECs under HGC
A great body of evidence has been reported the modulatory 
impact of HCQ, on oxidative stress in the different 
situation.25 Our results showed in vitro incubation of 
HUVECs with 30 mM glucose caused an increased in 
the amount of NO especially at 72 h (P < 0.001) while 
a significant NO reduction was documented in cells 
after exposure to HCQ at 48 and 72 hours as compared 
to related controls (P < 0.05) (Fig. 2A). Moreover, the 
intracellular content of MDA increased both in normal 
and hyper glucose conditions in the absence of HCQ at 
72 hours (Fig. 2B). On the other hand, we also showed 
that the addition of HCQ could return MDA levels below 

the range of time-matched control groups either in 5 mM 
or 30 mM conditions after 72- hour culture, although 
an upward trend of total MDA increment was obtained 
through time (P < 0.001) (Fig. 2B). It seems that high 
glucose condition administration of endothelial lineage 
cells tailored oxidative stress status resistance. As such the 
flow cytometric monitoring of intracellular ROS levels 
further notified a burst of glucose-induced response in 
a time-dependent manner under HGC. It is also worthy 
to note HCQ exert superior significant effects to lessen 
the total amount of cell ROS contents in all conditions. 
Strictly, the generated levels of ROS diminished in all 
treated groups of HCQ in both conditions at the end stage 
of the current experiment (Fig. 3A-B). 

Endothelial cells migration capacity changed by HCQ 
Based on the obtained data, naive cells under treatment 
with 5 mM glucose showed an appropriate migration 
through the end-stage of the experiment as compared to 
HGC (30 mM glucose) after 72 hours. Notably, the wound 
healing rate was highly suppressed in HUVECs exposed to 
30 mM glucose (P < 0.001) (Fig. 4A-B). Interestingly, cells 
being exposed to HCQ lost their migration properties 

)A(

)B(

Fig. 1. The cell viability percentage was analyzed in 30 µM 
hydroxychloroquine-treated cells in the conditions with 5 and 30 
mM glucose for 72 hours (n = 5) (A). Microphotograph of cells 
under experimental procedure showed an increase in the number 
of intracytoplasmic vacuoles either in normal or high contents 
of glucose after 24 hours (B). Student's t test was used for two 
matched groups. *P < 0.05, **P < 0.01, ***P < 0.001. Results are 
expressed as mean ± SD. (hydroxychloroquine = HCQ).

Fig. 2. Time trend change of NO and MDA contents in HUVECs 
treated with the combination of hydroxychloroquine and 5 or 30 
mM glucose (A & B) One-way ANOVA with Tukey post-hoc test 
*P<0.05, **P < 0.01, ***P < 0.001. Results are expressed as mean 
± SD (n=5) (hydroxychloroquine = HCQ).

)B(

)A(
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either in 5 mM or 30 mM glucose condition as compared 
to matched control groups (P < 0.05) (Fig. 4A-B). 

Angiogenic response of HUVECs was inhibited by HCQ 
under HGC
 Regarding the main aspect of angiogenesis involving in the 
re-arrangement and localization of endothelial cells into 
a 3D tubule-like structure, the incubation of endothelial 
cells with 30 mM glucose completely abolished in vitro 
tubulogenesis activity as compared with normal glucose 
primed cells over course of 72 hours (P < 0.001). Notably, 
an extensively anti-angiogenic activity of ECs observed in 
normal condition, albeit no significant changes was here 
reported in between 2 conditions and parallel control 
(Fig. 4C-D). In addition, the treatment of endothelial cells 
with HCQ in both conditions potentially impeded the 
formation of 3D tube structures (P control versus HCQ 5mM and 30 

mM <0.001). 
 

Discussion 
This experiment exhibited herein is the first to assay 
the effect of HCQ on 30 mM-treated HUVECs after 72 
hours. Therefore, deleterious/beneficial effects of HCQ 
on cell viability, oxidative/nitrosative status, migration 
capacity and in vitro tubulogenesis were investigated. 
First, we showed that HCQ attributed a significant 
dropping in HUVECs viability in conditions with 

normal and high glucose contents. Based on previously 
published data, HCQ -induced apoptosis of HUVECs 
through a lysosomal pathway and accumulation.26 The 
intracytoplasmic accumulated lysosomes are prone to 
release different enzymes such as cathepsin B and to 
augment mitochondrial membrane permeabilization, 
resulting in Bax activity.27 The reduction in survivin level 
and an increase of Caspase 3 activity promote apoptotic-
induced cell death during exposure to HCQ.28 It has also 
been proven an autophagic cell death of HCQ is induced by 
blocking the autophagosome fusion and the accumulation 
of aberrantly metabolized products,29 suggesting HCQ 
-primed cancer cells could be sensitized to anti-cancer 
agents.30 In human dermal fibroblasts, the modulation of 
extracellular signal-regulated kinase 1/2 phosphorylation 
after treatment with HCQ suppresses metabolic activity 
and cell proliferation.29 As a consequence, the application 
of HCQ could favor anti-proliferative effects on different 
tumors in a patient. In diabetic subjects, chronic 
oxidative stress may be correlated with the dynamics of 
excess substrates available such as carbohydrates and 
lipids exist during hyperglycemic changes.31 In this 
regard, there is a growing body of evidence implicating 
overproduction of ROS and reactive nitrogen species 
(RNS) in metabolic abnormalities of diabetes.32 Both 
ROS and RNS cause damage to proteins, carbohydrates, 
lipids and nucleic acids, resulting in oxidative/nitrosative 

)B(

)A(

Fig. 3. The analysis of ROS content by flow cytometry  following treatment with hydroxychloroquine under a condition of 5 and 30 mM 
glucose during 24, 48 and 72 hours (n=3) (A and B). Results are expressed as mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001 (One-way 
ANOVA with Tukey post hoc test) (hydroxychloroquine = HCQ).
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stress.33 In mitochondria, oxidative/nitrosative stress lead 
to declined mitochondrial ATP synthesis, uncontrolled 
opening of the mitochondrial membrane pore (MPTP), 
altered calcium homeostasis among other deleterious 
events for cell survival.28 Cosenzi and et al showed that 
oxidative/nitrosative stress was stimulated at initial times 
after streptozotocin administration in diabetic rats.34 In 
spite of subtractive cell viability rates recorded by the 
application HCQ, our data showed the alleviation in the 
oxidative status by a reduction in total levels of MDA, 
NO, and ROS. It seems an intricate network of signaling 
pathways reported to be involved in NO production.35-37 
Irrespective of an inevitable role of PI3K/Akt/mTOR axis 
iNOS expression, several studies showed HCQ blunted 
the generation of NO by eliminating 20S proteasomal 
activation and reduction of interferon-β in macrophages 
and chondrocytes.38 In accordance with our data, Gómez-
Guzmán et al acclaimed that chronic using of HCQ could 
protect kidney and improve endothelial cell dysfunction by 
decreasing ROS level in autoimmune disease.39 Consistent 
with the present study, an enhanced reduction of oxidative 
markers could be related to HCQ anti-inflammatory 
effects.40,41 Therefore, one could hypothesize that this 
agent is able to clinically reduce the hyperglycemia-related 

Fig. 4. The effect of hydroxychloroquine on HUVECs migration rate over the course of 72 h. It was determined that hydroxychloroquine 
possessed the capacity to induce cell migration exposed to 5 and 30 mM glucose (n=3) (A & B). The cells being exposed to 
hydroxychloroquine lost in vitro tube formation properties (C & D) (hydroxychloroquine = HCQ). Results are expressed as mean ± SD. 
*P < 0.05, **P < 0.01, ***P < 0.001  (One-way ANOVA with Tukey post hoc test) (hydroxychloroquine = HCQ).

oxidative/nitrosative stress injury in diabetic patients. 
It is believed that oxidative stress induced by high 

glucose contents disturbed migratory property.28 This 
inhibition may result from aberrant cell polarity, a decrease 
of adhesion maturation and protrusion destabilization.33 
In the current study, neither migratory nor tubulogenesis 
behavior of HCQ-exposed HUVECs was discovered under 
normal or HGC. To the best of our knowledge, there are a 
wide gap and limited data regarding the prohibitory effect 
of HCQ on cell mobilization mechanisms so far. Recently, 
it has been confirmed that HCQ has reduced the affinity 
of chemokine CXCL12 to its receptor CXCR4 resulting 
in CXCL12-induced cell migration in a pancreatic cancer 
model.42 CXCR4 is touted to possess a crucial impact in the 
development of pancreatic cancer.28 HCQ has the ability to 
block CXCL12-CXCR4 axis by engaging the ERK pathway 
controlling apoptosis and cell growth.28 Additionally, a 
decline in tip cell population, typified by CD34, could be 
deduced as another prominent anti-angiogenic activity 
of HCQ.28 In some diabetes-induced pathology, the 
uncontrolled proliferation and impaired angiogenesis are 
responsible for clinical complications. Regarding dual 
effects and context-dependent of angiogenic responses 
during diabetes mellitus, such as seen in foot ulcers or 
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diabetic retinopathy, the modulation and orchestration 
of vascularization switch off/on must be precisely 
considered.43-45 Therefore, it is reasonable that HCQ could 
presumably be used as angiogenesis modulator during 
hyperglycemic condition.46

 
Conclusion 
In summary, this study focused on HCQ effects on 
HUVECs in terms of oxidative status, migration property 
and in vitro capillary-like formation in a set of normal 
and HGC. It seems that both oxidative and nitrosative 
stress mechanisms could participate in endothelial cells 
aberrant functions subjected to HGC. 
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