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Abstract: Purpose: To evaluate the effect of propylene glycol mannate sulfate (PGMS) on retinopathy in non-prolifer-
ative diabetic patients. Methods: Eighty patients (111 eyes) with non-proliferative diabetic retinopathy were selected 
and retrospectively analyzed. Patients were divided into a control group (40 cases, 56 eyes) and an experimental 
group (40 cases, 55 eyes) using a random number table method. The control group continued had routine blood 
glucose management, while the experimental group received PGMS 100 mg additionally TID for 60 days. Changes 
in visual acuity, fundus conditions including hemorrhage points and exudation in each quadrant, and non-perfusion 
area were revealed through fundus angiography before and after the treatment period. Results: After PGMS treat-
ment, the experimental group demonstrated significant improvements compared to the control group in terms of 
eyesight improvement (P=0.002), the macular edema and macular retinal thickness (P=0.008). The total clinical 
efficacy rate of the experimental group was 67.86%, which was higher than 38.18% of the control group (P=0.032). 
Notably, there was a significant reduction in macular hemorrhage and hard extrusion. Conclusion: Oral administra-
tion of PGMS is an effective treatment for non-proliferative diabetic retinopathy.
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Introduction

Diabetic retinopathy (DR) is a prevalent micro-
vascular complication and the primary cause of 
vision loss in diabetes patients [1]. With diabe-
tes incidence increasing, especially in emerg-
ing Asian countries like India and China [2, 3], 
DR is becoming a more significant public health 
issue. The disease can progress to severe stag-
es like proliferative diabetic retinopathy (PDR) 
and diabetic macular edema (DME). Although 
the specific pathogenesis of DR remains un- 
clear, growing evidence suggests that inflam-
matory reactions and inflammatory factors are 
crucial in its development [4, 5].

Propylene glycol mannate sulfate (PGMS) is a 
novel, low-molecular-weight acidic polysaccha-
ride drug developed by the Research Institute 
of Marine Medicine and Food of Ocean 
University of China. This drug is derived from 
polysaccharide sulfate (PSS) and belongs to 
the category of linear anionic polysaccharides. 

Previous experiments have shown that PGMS 
can protect vascular endothelial cells from 
inflammatory factors and various types of 
chemical damage [6]. Additionally, PGMS has 
been shown to reduce blood lipids and circu- 
lating inflammatory factors in diabetic patients, 
potentially offering protection against diabetic 
nephropathy [7]. While some basic studies are 
exploring the role of glycerides in the treatment 
of various disease [8-10], the therapeutic 
effects and mechanisms of glycerides in man-
aging DR have yet to be documented. Therefore, 
we designed this experiment to explore the 
therapeutic effect of PGMS on non-proliferative 
DR.

Methods

Study population

Patients with non-proliferative DR diagnosed in 
the Department of Ophthalmology, Chengyang 
People’s Hospital from March 2020 to October 
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2022 were retrospectively included for this 
study. Diagnostic criteria were based on the 
Research Progress in The Diagnosis and 
Treatment of Diabetic Retinopathy [11]. The 
flow chart of the study is shown in Figure 1. This 
study was approved by the ethical committee  
of the Chengyang People’s Hospital.

Inclusion criteria

(1) Patients with an age of 18-85; (2) Patients 
diagnosed with type 2 diabetes; (3) Patients 
with simple type I, II, and III fundus changes 
confirmed by fundus angiography; and (4) 
Patients with stable blood glucose level (fasting 

Figure 1. Flow chart of the study.
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blood glucose < 9 mmol/L and postprandial 
blood glucose < 12 mmol/L).

Exclusion criteria

(1) Non-DR patients; (2) Patients with glauco-
ma, retinal detachment, optic nerve disease, or 
other eye disease; (3) Patients with uncon-
trolled hyperglycemia; (4) Patients with severe 
heart, liver, kidney, or hematopoietic system 
diseases; (5) Patients who had undergone sur-
gical treatment; (6) Patients who were allergic 
to the study drug or had a history of drug aller-
gy; or (7) Pregnant or lactating women.

According to the inclusion and exclusion crite-
ria, a total of 80 patients involving 111 eyes 
were enrolled. Based on the treatment 
approach, these patients were divided into a 
control group (40 cases, 56 eyes, routine con-
trol of blood glucose) and an experimental 
group (40 cases, 55 eyes, routine control of 
blood glucose + PGMS). PGMS was adminis-
tered orally at a dose of 100 mg, three times a 
day for 60 days, as one course of treatment. 
The control group comprised 23 men and 17 
women, averaging 61.27 ± 8.53 years in age, 
with a disease duration of 10.27 ± 2.61 months 
and an initial visual acuity of 0.528 ± 0.43. The 
experimental group included 22 men and 18 
women, with an average age of 62.25 ± 8.32 
years, a disease duration of 10.77 ± 1.89 
months, and an initial visual acuity of 0.536 ± 
0.48. There was no significant difference in 
gender, age, or disease duration between the 
two groups (Table 1).

Data collection

All patients underwent ophthalmic examina-
tions upon admission, including best-corrected 
visual acuity, fundus examination and photog-
raphy, and fundus angiography. These exami-
nations were repeated after a 60-day course  
of oral PGMS administration.

Retinopathy [12], and the fundus angiography 
and visual acuity chart data were used as the 
evaluation basis. Treatment was considered 
significantly effective (SE) if the symptoms su- 
ch as fundus microhemangioma, hemorrhage, 
and hard exudates largely resolved, as well as 
the visual acuity being improved by at least 
three lines. Treatment was considered com-
monly effective (CE) if microhemangioma, hem-
orrhage, hard exudates and other symptoms 
partially resolved and visual acuity was 
improved by one or two lines. Treatment was 
considered ineffective if symptoms remained 
unchanged or worsened, and visual improve-
ment did not meet the above criteria.

The total effective rate (TER) = (SE cases + CE 
cases)/Total cases × 100%.

Secondary outcomes: The blood glucose, gly-
cosylated hemoglobin, visual acuity, hemor-
rhage area, and the area of non-perfusion were 
compared between the two groups before and 
1 week after treatment. Color fundus photogra-
phy was conducted to observe the hemorrhage 
area according to the standard seven-zone 
method of the University of Wisconsin Fundus 
Imaging Center [13]. The photography protocol 
stipulated a shooting angle between 30° and 
55° and pupil dilation to at least 5.5 mm. After 
the fundus image was obtained, the fundus 
image analysis software was used to create a 
mosaic according to the standard seven areas, 
manually correcting and eliminating the repeat-
ed areas. The software automatically captured 
the hemorrhage area, and the pixels of the 
hemorrhage area were obtained after manual 
correction. The same method was used to ana-
lyze the fundus angiography images to obtain 
an image of the non-perfusion area.

Statistical analysis

Stata 12.0 statistical software (StataCorp LLC, 
College Station, TX, USA) was used for data 

Table 1. General characteristics of patients in the study groups

Item Experience group 
(PGMS+)

Control group 
(PGMS-) t/χ2 P

Age, years 61.27 ± 8.53 62.25 ± 8.32 0.292 0.771
Course of disease, months 10.27 ± 2.61 10.77 ± 1.89 0.981 0.329
Visual acuity 0.528 ± 0.43 0.536 ± 0.48 0.079 0.937
Gender (Male/Female) 22/18 23/17 0.051 0.822
Mean HbA1c, % 8.90 ± 1.26 8.50 ± 1.22 1.442 0.153

Observation indices and cri-
teria

Primary outcomes: The clini-
cal efficacy was compared 
between the two groups 
after treatment. The visual 
acuity was examined by the 
same doctor using methods 
outlined in the Progress in 
the Treatment of Diabetic 
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analysis. Measurement data were presented 
as mean ± standard deviation, paired sample t 
test was used for intra-group comparison, while 
independent sample t test was used for inter-
group comparison. Enumeration data were ex- 
pressed as percentages (%), and the chi-
squared test was used. P < 0.05 indicated sta-
tistical significance.

Results

Comparison of blood glucose levels between 
the two groups before and after treatment

Before treatment, there was no significant dif-
ferences in blood glucose levels and glycosyl-
ated hemoglobin levels between the two groups 
(P=0.407, P=0.153); after treatment, the fast-
ing blood glucose and glycosylated hemoglobin 
levels of the experimental group were signifi-
cantly lower than those of the control group 
(both P < 0.001) (Table 2).

Comparison of visual acuity between the two 
groups before and after treatment

Before the treatment, there was no significant 
difference in visual acuity between the two 

groups (P=0.937, Table 1). However, after 
PGMS treatment, substantially more patients 
in the experimental group showed significant 
improvements in eyesight than that of the  
control group (P=0.002) (Table 3).

Comparison of the macular retinal thickness 
between the two groups before and after treat-
ment

After treatment, substantially more patients 
experienced notable reduction (> 50 µm) in 
macular retinal thickness in the experimental 
group compared with the control group 
(P=0.008) (Table 4). The change in macular 
thickness before and after treatment is shown 
in Figure 2, revealing a reduction in the thick-
ness of macular area, with clear boundary.

Comparison of clinical efficacy between the two 
groups

The total clinical efficacy rate of the experimen-
tal group was 67.86%, which was significantly 
higher than 38.18% of the control group 
(P=0.032) (Table 5). The comparison of fundus 
images before and after treatment is shown in 
Figure 3, revealing a reduction in macular hem-
orrhage and hard infiltration.

Table 2. Comparison of the blood glucose between the two groups
Fasting blood-glucose (mmol/L) Glycosylated hemoglobin (%)

Before treatment After treatment Before treatment After treatment
Experience group 8.43 ± 0.35 6.71 ± 0.47 8.90 ± 1.26 6.40 ± 0.62
Control group 8.36 ± 0.40 7.50 ± 0.51 8.50 ± 1.22 5.95 ± 0.44
t 0.833 7.204 1.442 3.743
P 0.407 < 0.0001 0.153 0.0003

Table 3. Comparison of eyesight improvement between the two groups after PGMS treatment
Group name Quantity Improved by ≥ 3 lines Improved by ≥ 1 lines Unchanged Deteriorated
Experimental group 56 8 29 14 5
Control group 55 3 14 23 15
χ2 14.693
P 0.002

Table 4. Comparison of macular retinal thickness between the two groups after treatment

Group name Quantity Thickness reduction 
> 100 μm

100 μm > Thickness 
reduction > 50 μm

Thickness reduction 
< 50 μm

Thickness 
increase

Experimental group 56 5 23 16 12
Control group 55 2 12 24 17
χ2 7.108
P 0.008
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Discussion

Diabetic retinopathy (DR) is the most prevalent 
microvascular complication of diabetes and 
has garnered considerable attention due to its 
detrimental effects [14]. However, current 
treatments of DR are mostly unsatisfactory, 
mainly involving early-stage retinal photocoagu-
lation and late-stage vitrectomy. Effective phar-
macological interventions remain under inves-

pro-angiogenic factor. It is involved in the devel-
opment of DR by altering the structure and 
function of the vascular endothelium, increas-
ing the permeability of capillaries, and promot-
ing the synthesis of extracellular matrix, as well 
as inducing retinal neovascularization and 
increasing the permeability of retinal blood ves-
sels [25-27]. In the healthy state, VEGF is weak-
ly expressed in the eye, where it plays a role in 
maintaining the integrity of the ocular vascula-

Figure 2. Comparison of macular thickness before and after PGMS treat-
ment of a 56-year-old male patient. A: Before PGMS treatment; B: After 
PGMS treatment.

Table 5. Comparison of clinical efficacy of both groups
Group name Quantity Significantly effective Effective Invalid
Experimental group 56 6 32 18
Control group 55 2 19 24
χ2 4.612
P 0.032

Figure 3. Comparison of eye fundus images before and after treatment of a 
65-year-old female patient. A: Before PGMS treatment; B: After PGMS treat-
ment; Macular hemorrhage and hard infiltration were significantly reduced 
after treatment.

tigation. Recent research has 
increasingly recognized DR  
as an inflammation-related 
disease. Hyperglycemia pro-
motes leukocyte aggregation 
in retinal tissue, leading to  
the production of inflamma- 
tory factors and triggering a 
subsequent inflammatory res- 
ponse, in which inflammatory 
factors play an important  
role. The excessive expression 
of inflammatory factors can 
damage the diabetic retina 
[15]. Chronic hyperglycemia 
causes metabolic abnormali-
ties in the DR, including acti-
vation of the polyol pathway, 
hexosamine biosynthesis pa- 
thway, and protein kinase C 
pathway, as well as the accu-
mulation of advanced glyco-
sylation end products (AGEs). 
These processes result in an 
increase in reactive oxygen 
species in the cells, and an 
increase in retinal oxidative 
stress and inflammation [16-
18]. It was reported in the lit-
erature that the inflammatory 
factors, interleukin-1β and tu- 
mor necrosis factor α, are 
closely related to the occur-
rence and development of DR 
[19, 20]. Even mild inflamma-
tion can trigger a series of  
cellular abnormalities and tis-
sue damage, culminating in 
retinal deterioration [21-24].

In DR, vascular endothelial 
growth factor (VEGF), a secret-
ed factor that increases the 
mitogenic activity of vascular 
endothelial cells, is a potent 
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ture. However, it is overexpressed in the patho-
logical state, leading to abnormal neovascular-
ization in the eye, making it a pivotal element in 
the pathogenesis of DR, especially in its early 
stages. This includes its influence on free radi-
cal metabolism, lipids, and inflammatory factor 
levels in diabetes mellitus [28].

Propylene glycol mannate sulfate (PGMS) is a 
new type of low molecular weight acidic poly-
saccharide drug developed by the Ocean 
University of China on the basis of dibasic sodi-
um alginate (PSS), exhibiting anticancer, anti-
bacterial, anti-inflammatory, immune and anti-
aging effects [29]. Studies have shown that 
PGMS can inhibit the excessive proliferation of 
vascular smooth muscle cells, protect vascular 
endothelial cells, and reduce patients’ erythro-
cyte filtration index and erythrocyte membrane 
lipid peroxide levels. Moreover, it can increase 
the activity of GSH Px and Na+-K+-ATPase, 
reduce lipid peroxide (MDA) levels, increase the 
activity of SOD and GSH Px, reduce brain water 
content, improve immune function, reduce 
blood lipids, and resist thrombosis [30]. PGMS 
can be rapidly absorbed by oral administration, 
exhibiting a high plasma protein binding rate 
and bioavailability.

Experiments have shown that PGMS effectively 
shields vascular endothelial cells from inflam-
matory factors and various chemicals [31]. 
Studies have shown that glycol can inhibit the 
expression of inflammatory factors in the kid-
neys of diabetic rats [32], while additional clini-
cal research has indicated that glycosyl esters 
can reduce the level of blood lipids and inflam-
matory factors in peripheral blood in diabetic 
patients [7]. Also, in this study, after treatment, 
fasting blood glucose and glycosylated hemo-
globin levels were lower in the experimental 
group than in the control group. These results 
suggest that in patients with non-proliferative 
DR, PGMS not only helps manage blood glu-
cose levels but also appears to control micro-
vascular complications. It is thought to fortify 
and activate blood circulation, remove blood 
stasis, regulate glucose metabolism, and thus 
stabilize blood glucose levels, positively impact-
ing fasting blood glucose and glycosylated 
hemoglobin levels.

There are certain limitations to this study: (1) 
The retrospective nature of the analysis pre-
cluded the randomization of patient groups, 

affecting the homogeneity within each group. 
(2) Being a single center analysis with a small 
sample size, this study only observed short-
term effects without addressing long-term effi-
cacy. Future studies should expand the sample 
size, extend follow-up time, and evaluate long-
term treatment. (3) There are few observation 
indicators in this study. In future research, 
serum cytokines, VEGF protein expression and 
other indicators can be added to evaluate the 
therapeutic efficacy of PGMS from multiple 
aspects.

Conclusion

PGMS has a significant effect on improving the 
vision of patients with non-proliferative diabe-
tes retinopathy, promoting the absorption of 
fundus hemorrhage and exudation, and restor-
ing oxygen supply to the retina. Therefore, 
PGMS appears to hold therapeutic potential for 
non-proliferative DR.
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