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ABSTRACT 

Diabetic retinopathy is one of the further most common reasons of visual loss. It mainly caused by neovascularization, macular 

edema and ischemic macular changes. Due to the limitations of conventional therapies for macular edema, the propensity for other 
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therapies, such as intravitreal injection of triamcinolone and anti-VEGF agents, has increased. Tetracyclines have recently suggested 

as complementary drugs in the treatment of clinically significant macular edema (CSME). In addition to the known bacteriostatic 

properties of tetracyclines, especially doxycycline and minocycline, these drugs can influence the regulation of inflammation, 

immunization, cell proliferation, and angiogenesis. Accordingly we have aimed to evaluate the efficacy of using oral Doxycycline on 

the number of intravitreal Bevacizumab injection in diabetic patients with CSME. In this clinical trial pilot study, 60 patients with 

CSME, referred to the ophthalmology clinic of Imam Khomeini Hospital in Ahvaz, were studied. Patients were randomly divided into 

two equal groups; Group A receiving 1.25 mg bevacizumab intra vitreal (IV) injection and group B receiving 1.25 mg IV injection 

bevacizumab in combination with 200 mg per day doxycycline for 4 months. Pre and post-treatment variations in evaluated 

parameters including best corrected visual acuity (BCVA) and optical coherence tomography (OCT) were assessed. Results showed 

that the mean age of patients was 67.7 years, ranging from 49 to 72 years. The demographic characteristics of patients included age 

(p=0.35) and gender (p=0.43) were parallel among the two groups. Number of bevacizumab IV injection was not different in study 

groups. It was shown that central macular thickness (CMT) and macular volume decreased significantly in both groups. However, the 

percentage of reduction was higher in patients receiving doxycycline. BCVA in both groups showed a significant improvement which 

was more in doxycycline group. In conclusion the findings of this study, in line with previous studies, showed that the use of 

doxycycline in addition to intravitreal injection of bevacizumab significantly increased visual acuity and reduced the macular 

thickness, and volume. We suggest further studies with more patients in study groups and more detailed evaluation of changes 

using new diagnostic modalities and longer duration of follow up. 
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1. INTRODUCTION 

Diabetic retinopathy is one of the most common causes of visual impairment in people aged 20-64 years. It mainly caused by 

neovascularization, macular edema and ischemic macular changes. CSME is defined as a retinal thickness or hard yellowish exudates 

associated with adjacent retinal thickness at or within 500 micrometers from center of macula. The main pathogenic mechanisms 

associated with macular edema are including Blood–retinal barrier impairment, chronic hyperglycemia (by increasing the secretion 

of vascular endothelial growth factor), disruption of intercellular tight junctions between the retinal endothelial cells (lead to 

increased vascular permeability) and neovascularization (Arevalo, 2017; Lee et al., 2015). The conventional treatment of macular 

edema is laser macular photocoagulation (MPC), which may improve visual acuity by remodeling the retinal pigment epithelium cells 

or improving the oxygen supply to its outer layers (Tranos et al., 2004; Gottfredsdottir et al., 1993). It reduced the average visual loss 

by 2 percent and resulted in 17% of cases improved in visual acuity by 3 Snellen lines. Despite these advantages, the use of MPCs 

results in laser-scarring that is gradually expanding over time and may limit further improvement. Also, its treatment efficacy in 

diffuse Macular edema is not satisfactory (Early Treatment Diabetic Retinopathy Study Research Group, 1985; Lee & Olk, 1991). 

Due to the limitations of conventional therapies for macular edema, the propensity for other therapies, such as intravitreal 

injection of triamcinolone and anti-VEGF agents, has increased. Moreover, some recent suites have shown the benefits of the 

steroids in the treatment of macular edema thorough increasing tight-junction protein expression (which causes local contraction of 

the vessels and a decrease in vascular permeability) (Sutter et al., 2004; Massin et al., 2004; Gillies et al., 2006; Jonas et al., 2006; 

Audren et al., 2006). Anti-VEGF drugs reduce the permeability of the veins by affecting endothelial proteins in vascular diseases such 

as CSME (Antcliff & Marshall, 1999). The level of VEGF-A in patients with CSME is significantly higher, indicating a large macular 

leakage in these patients.  So far, at least nine human VEGF isoform has been found. The presently used anti-VEGF drugs include 

ranibizumab, bevacizumab and pegaptanib. Pegaptanib is a ribonucleic aptamer acid that only affects the VEGF-2 isoform and its 

beneficial effects on diabetic macular edema have been recently recognized. Besides, Ranibizumab and bevacizumab are 

recombinant anti-VEGF-A antibodies that have promising results in CSME (Macugen Diabetic Retinopathy Study Group, 2005; Chun 

et al., 2006).  

In recent years, the use of anti-VEGF drugs has become increasingly common. However, the different aspects of these drugs, 

including the appropriate treatment regimen, long-term treatment, the benefits of its combination with other therapies and the 

safety of long-term inhibition consuming, remain unclear and require further studies. Tetracyclines have recently suggested as 

complementary drugs are the treatment of CSME. In addition to the known bacteriostatic properties of tetracyclines, especially 

doxycycline and minocycline, these drugs can influence the regulation of inflammation, immunization, cell proliferation, and 

angiogenesis. In particular, the anti-angiogenic properties of doxycycline, known since 1990, have been shown to have a positive 



                             

© 2020 Discovery Publication. All Rights Reserved. www.discoveryjournals.org     OPEN ACCESS 

 
 

P
ag

e2
3

0
4
 

ARTICLE RESEARCH 

role in the treatment of pathological angiogenesis. A Gilbertson-Beadling study in vitro has shown that tetracycline analogues such 

as doxycycline and minocycline inhibit three groups of metalloproteinases, including fibroblast collagenase, stromalysin, and 

guilinase A, using the IC50s component. In this study, the researchers believe that the activity of inhibitors of tetracycline analogs 

may be due to the reduction of cellular segments using the buffering property of Calcium (Bee et al., 2017; Peng et al., 2018; 

Gilbertson-Beadling et al., 1995). Such properties have encouraged us to perform an intervention study using doxycycline. Therefore, 

in the clinical trial study, we have aimed to evaluate the efficacy of using oral Doxycycline on the number of intravitreal Bevacizumab 

injection, macular thickness and volume and visual acuity in diabetic patients with CSME. 

 

2. METHOD 

Study design  

In this clinical trial pilot study, 60 patients with diabetic macular edema referred to the ophthalmology clinic of Imam Khomeini 

Hospital in Ahvaz were studied. Diabetic patients with confirmed CSME were included. Patients with no previous history of surgery 

for retinal detachment, patients with glaucoma, uveitis, macular whole, macular geographic atrophy, choroidal neovascular 

membrane, macular scar, and those with gastrointestinal distress were excluded from the study. The present study was established 

by the ethical committee of Ahvaz University of Medical Sciences (IR.AJUMS.REC.1397.932). Signed informed permission was 

attained from all participants. 

 

Intervention 

Patients were randomly divided into two equal groups; Group A receiving 1.25 mg bevacizumab (Avastin, Genetech Co, San 

Francisco, USA) IV injection and group B receiving 1.25 mg IV injection of bevacizumab along with oral doxycycline (200 mg per day) 

(Hakim Pharmaceutical Co, Iran) for 4 months. Subsequently, all patients in both groups were followed up for 6 months. 

Fluorescence angiography was performed at the first visit. Pre and post-treatment changes in optical parameters including BCVA 

(Log MAR), CMT (µm) and macular volume (mm3) in optical coherence tomography (OCT) were assessed. 

 

Statistical analysis  

All data were analyzed by descriptive statistics including mean, median, standard deviation, frequency, and percentage. The means 

were compared by the paired-t student test. Moreover, the proportions were compared by the chi-square test. All statistical analysis 

was supported by SPSS version 20. The P-value fewer than 0.05 considered significant. 

 

3. RESULTS 

In this study, 60 patients with CSME were studied. The mean age of patients was 67.7 years, ranging from 49 to 72 years. The ratio of 

males to females was approximately equal. The median dose of IVB was 6 in the range of 4 to 6 (Table 1). 

 

Table 1 Characteristics of patients 

Characteristics Mean (range) ± SD – Frequency (%) 

Age (Year) 67.7(49-72)±5.23 

IVB(Number of injection) 6(4-6) 

Gender 

Male 28(46.7%) 

Female 32(53.3%) 

Eye 

OD 34(57.6%) 

OS 25(42.4%) 

 

Patients were randomly divided into two groups receiving IVB along with oral doxycycline and IVB with placebo. The 

demographic characteristics of patients included age (p=0.35) and gender (p=0.43) were comparable between the two groups. IVB 

doses did not show significant differences in both groups (p=0.12). Comparison between two study groups in the BCVA, CMT (µm) 

and macular volume (mm3) and number of IVB injection showed no statistically significant different (Table 2). 
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Table 2 Comparison of basic characteristics between study groups 

Characteristics IVB+ Doxy 

Group 

IVB Group P value 

Age (Year) 61.3±5.8 64.1±4.2 0. 35 

IVB (Number of injection)  5.53±0.629 5.57±0.62 0.12 

Gender   0.438 

Male 12 (42.9%) 16 (57.1%)  

Female 18 (56.3%) 14 (43.8%)  

Eye   0.435 

OD 19 (55.9%) 15(44.1%)  

OS 11 (44%) 14 (56%)  

VA (Log MAR)    

Less than 0.1 

n=23 
3.02±1.49 3.76±1.3 0.162 

0.1 or more 

n=27 0.19±0.079 0.188±0.085 0.914 

CMT(µm) 457.9±111.3 417±89.1 0.123 

Macular Volume(mm3) 0.359±0.08 0.326±0.069 0.838 

 

In Table 3, the efficacy of the drug was evaluated by assessing the changes in the optometric properties of the patients before 

and after the intervention. It was shown that centralmacular thickness and volume decreased significantly in both groups. However, 

the percentage of reduction was higher in doxycycline group. On the other hand, BCVA in both groups showed a significant 

improvement in both groups but more in doxycycline group (Table 3) (Figure 1& 2). 

 

 

Table 3 Comparison of efficacy of treatment in study groups 

Groups Variables Before After Percentage Change (%) P value 

Doxy+ IVB 

Group 

VA 

(Log MAR) 

    

Less than 0.1 

n=23 
3.028±1.49 4.38±1.32 44.6 % P<0.0001 

0.1 or more 

n=27 
0.192±0.07 0.3±0.06 56.3 % P<0.0001 

CMT 

(µm) 
459.9±111 360±124 21.7 % P<0.0001 

Macular Volume 

(mm3) 
0.359±0.08 0.278±0.09 22.6 % P<0.0001 

IVB Group 

VA 

(Log MAR) 
    

Less than 0.1 

n=23 
3.76±1.3 4.42±1.2 17.6 % P=0.004 

0.1 or more 

n=27 
0.188±0.085 0.265±0.105 41 % P<0.0001 

CMT 

(µm) 
417.17±89.1 349.4±89.79 16.2 % P<0.0001 

Macular Volume 

(mm3) 
0.32±0.06 0.271±0.67 15.3 % P<0.0001 
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Figure 1 Pre and Post Treatment in Control Group 

 

 

  

Figure 2 Pre and Post Treatment in Doxycycline Group 

 

4. DISCUSSION 

The findings of our study showed that the use of doxycycline along with intra vitreal administration of bevacizumab increased the 

rate of improvement in patients. The percentage of changes in BCVA, CMT and macular volume was significantly higher in 

doxycycline group. However, there were no significant differences in the number of bevacizumab injection in both groups, indicating 

that doxycycline may not significantly decrease the bevacizumab needed doses. Mirshahi et al. have studied the efficacy of 

doxycycline in patients with macular edema and found that the co-administration of bevacizumab with oral doxycycline improves 

active disease control and improves foveal thickness, visual acuity, and reduced frequency of bevacizumab injection (Mirshahi et al., 

2017). Cukras et al. have also evaluated the efficacy of oral minocycline in the treatment of diabetic macular edema and have shown 

that oral minocycline improves visual function, central macular edema, and vascular leakage (Cukras et al., 2012). Various 

mechanisms have been investigated to justify the effectiveness of this drug. Han et al. showed that doxycycline can significantly 

reduce lymphangiogenesis-induced inflammation in the rat’s cornea. They have also concluded that, doxycycline reduced vascular 

endothelial growth factor, macrophage accumulation, expression of inflammatory factors and inhibiting matrix metallo proteinases 

(Han et al., 2014). Abcouwer and colleagues established the efficacy of minocycline in preventing retinal inflammation and vascular 

permeability in mice and showed that minocycline significantly reduced retinal inflammation and vascular permeability. The 

researchers concluded that the ischemia-reperfusion process causes inflammation of the retina over several hours, which is 

characterized by inflammatory gene expression, leukocyte invasion, and vascular permeability. However, the use of minocycline 

significantly inhibits inflammatory reactions (Abcouwer et al., 2013). The efficacy of doxycycline on corneal neovascularization has 

also been evaluated by Jovanovic et al., and it has been shown that doxycycline significantly reduce corneal neovascularization and 

improve ocular surface area (Jovanovic & Nikolic, 2014) 

In present study we found that in patients with CSME and decreased visual acuity, injecting 1.25 mg of bevacizumab as a primary 

treatment alone would also be beneficial in healing the CSME. There was a significant increase in visual acuity after treatment which 

is consistent with previous studies (Potapova & Taba, 2008). Recent studies have also shown the benefits of bevacizumab as primary 
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therapy in retinal vein obstruction and correlated side effects such as macular edema (Wu et al., 2009; Pikkel et al., 2013). Ali Alishiri 

et al. performed a study to evaluate the effects of intravitreal injection of bevacizumab as a primary treatment on macular edema 

and visual acuity in patients with acute central retinal vein occlusion who had not received any previous treatment. After 6 to 16 

months post-injection, retinal edema was reduced, and visual acuity significantly increased (Alishiri et al., 2012). Limitations of our 

present study were mainly included number of patients in the study groups and duration of follow up as well. 

 

5. CONLUSION 

The findings of this study, in the line with previous studies, showed that the use of doxycycline in addition to intravitreal injection of 

bevacizumab significantly improved BCVA, central macular thickness and volume. Future studies can get benefit of more variety of 

diagnostic tools such as OCT angio, in addition to longer duration of follow up with more patients and more comparative study 

groups to get better conclusion for future treatment protocol of CSME.  
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