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Objective   To investigate the effects of Qingguang'an II Formula (QGA II) on the gut micro-
biota of mice with chronic high intraocular pressure (IOP) model, and explore its key micro-
biota for protecting the optic nerve.
Methods   A total of 10 specific pathogen free (SPF) grade female DBA/2J mice were random-
ly divided into model group and QGA II group (n = 5 for each group), while additional 5 SPF-
grade  female  C57BL/6J  mice  were  assigned  to  control  group.  Mice  presented  spontaneous
high IOP and showed elevated approximately at the age of seven months. The high IOP was
maintained  until  week  38,  when  gavage  was  initiated.  Mice  in  control  group  underwent  the
same intragastric treatment, while those in QGA II group were gavaged with QGA II (9.67 g/kg),
once  a  day  for  four  weeks.  Retinal  morphology  was  examined  using  hematoxylin  and  eosin
(HE) staining, with the number of retinal ganglion cells (RGCs) counted. The expression level
of Brn3a protein, a specific marker for RGCs, was detected by immunofluorescence, with the
mean  optical  density  (OD)  measured  for  quantitative  analysis.  In  addition,  16S  rDNA  se-
quencing was leveraged to analyze changes in the diversity of gut microbiota, including their
α-diversity (Chao1, Shannon, Pielou’s evenness, and observed species index) and β-diversity.
Venn diagrams and linear discriminant analysis effect size (LEfSe) analysis was employed to
investigate the number of  amplicon sequence variants (ASVs),  the abundance of  differential
gut microbiota species, and the classification of species at both the phylum and genus levels
within the three groups of mice.
Results   HE staining revealed that compared with control group, model group showed signif-
icant  reduction  in  the  number  of  RGCs  (P <  0.01),  with  intracellular  vacuolar  degeneration
and  nuclear  pyknosis.  After  QGA  II  treatment,  the  number  of  RGCs  was  significantly  in-
creased  compared  with  model  group  (P <  0.01),  with  notable  improvements  in  intracellular
vacuolar  degeneration.  Immunofluorescence  analysis  showed  that  the  mean  OD  of  Brn3a
protein was significantly decreased in model group compared with control group (P < 0.01),
while  QGA  II  treatment  significantly  elevated  its  expression  level  (P <  0.01).  Analysis  of α-
diversity showed that after QGA II  intervention, the Chao1, Shannon, and Pielou’s evenness
indices  were significantly  increased (P <  0.01),  and the observed species  index was elevated
(P <  0.05). β-Diversity  analysis  demonstrated  distinct  clustering  among  the  three  groups,
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indicating  relatively  low  similarity  in  bacterial  community  structures.  ASV  clustering  identi-
fied a total of 14 061 ASVs across all groups, with 9 514 ASVs shared between model and QGA
II  groups.  At  the  phylum  level,  the  abundance  of Bacteroidetes was  significantly  decreased
in  model  group  compared  with  control  group  (P <  0.01),  while Firmicutes and  the
Firmicutes/Bacteroidetes (F/B) ratio were significantly increased (P < 0.01). QGA II treatment
significantly  reduced  both Firmicutes abundance  and  the  F/B  ratio  (P <  0.01).  At  the  genus
level, Lactobacillus was  dominant  across  all  groups,  with  its  abundance  significantly  in-
creased in model group (P < 0.01) and subsequently decreased following QGA II intervention
(P < 0.05).
Conclusion  QGA II  restructured the gut  microbiota  of  DBA/2J  mice with chronic  high IOP,
bringing changes in their diversity and abundance of components. Firmicutes, Bacteroidetes,
Lactobacillus, along  with  their  associated  microorganisms,  are  likely  critical  components  of
the gut  microbiota  that  contribute  to  the  optic  neuroprotective  effects  of  QGA II  on chronic
high IOP mice.

 

 

1 Introduction

The gut-brain axis,  a  bidirectional  communication path-
way  between  the  gastrointestinal  tract  and  central  ner-
vous system, is crucial to maintaining brain health [1]. The
gut  microbiota plays a  significant  role in influencing im-
portant  processes  associated  with  the  formation  of  cen-
tral  nervous  system  degenerative  diseases,  including
Parkinson’s disease, Alzheimer’s disease, and autism [2, 3].
It  was  reported  that  many  retinal  illnesses,  as  well,  were
closely linked to alterations in gut microbiota within hu-
man body, giving rise to the concept of the “gut-retina ax-
is”. For example, PENG [4] clarified that intestinal mucos-
al  immune  disorders  caused  damage  to  neurons  in  the
inner retinal layer, followed by alterations in retinal visu-
al function through the utilization of dextran sodium sul-
fate  (DSS)-induced  intestinal-retinal  injury  model.  It  is
believed that retina-related disorders might be related to
the  activation  of  CD4+  T  cells  that  are  influenced  by  the
gut microbiota. These cells would penetrate the eye after
the  blood-retinal  barrier  has  been  weakened  by  high  in-
traocular pressure (IOP). CD4+ T cells in the eye interact
with retinal ganglion cells (RGCs) that express heat shock
protein  (HSP),  leading  to  a  cross-reactivity.  This  process
ultimately results in optic neurodegeneration, promoting
the development of  glaucoma [5].  A study observed a sig-
nificant  reduction  in  this  cross-reactivity  in  a  germ-free
mice  (i.e.,  mice  without  gastrointestinal  bacteria),  effec-
tively  inhibiting  the  T-cell  response  related  to  glaucoma
and  thus  markedly  suppressing  the  progression  of  the
disease [6]. These findings have brought insights and laid a
solid foundation to explore new treatment for glaucoma.

Glaucomatous  optic  neuropathy  is  a  degenerative
condition affecting the optic nerve. It is a leading cause of
irreversible  blindness,  with  no  effective  treatment  avail-
able.  Previous  studies  have  demonstrated  that  Qing-
guang’an  II  Formula  (QGA  II)  exerted  a  neuroprotective
effect  on  the  optic  nerve  in  mouse  models  with  chronic
high IOP [7]. The protective effects were mediated through
the  regulation  of  the  sirtuin  1  (SIRT1)/peroxisome

proliferator-activated  receptor  gamma  coactivator  1-
alpha  (PGC-1α)  signaling  pathway,  upregulation  of  rat
sarcoma  virus  (Ras),  mitogen-activated  protein  kinase
(MEK),  and  extracellular  signal-regulated  kinase  (ERK)
proteins,  and  inhibition  of  the  ras  homolog  gene  family,
member  A  (Rho)/Rho-associated  coiled-coil  containing
protein kinase (ROCK) signaling pathway, leading to a re-
duction  in  the  apoptosis  of  RGCs [8-11].  These  findings
have  highlighted  the  potential  of  QGA  II  as  a  promising
novel  therapeutic  agent  for  the  protection  of  the  optic
nerve.  However,  QGA II  has quite  complex components,
whose  metabolism  and  absorption  can  be  markedly  im-
pacted by the gut microbiota within the body. Additional-
ly, the formula, in return, plays a role in the regulation of
the  gut  microbiota,  contributing  to  the  prevention  and
treatment of certain diseases. Given the inseparable rela-
tionship among the traditional  Chinese medicine (TCM)
formula,  gut  microbiota,  and optic nerve protection,  this
study aimed to use 16S rDNA sequencing technology for
investigating  the  modulatory  effects  of  QGA  II  on  the
structure  of  gut  microbiota  in  the  DBA/2J  mice  with
chronic  high  IOP,  exploring  underlying  mechanisms  of
QGA II for the treatment of retinal diseases. 

2 Materials and methods
 

2.1 Animals

In  this  study,  a  total  of  10  specific  pathogen  free  (SPF)
grade  female  DBA/2J  mice  aged  8  weeks  old  were  pur-
chased from Beijing Vital River Laboratory Animal Tech-
nology  Co.,  Ltd.  (Beijing,  China),  with  laboratory  facility
certificate  No.  SCXK  (Jing)  2021-0006.  Additional  5  SPF
grade  female  C57BL/6J  mice  aged  eight  weeks  old  were
purchased  from  Hunan  Slake  Jingda  Experimental  Ani-
mal  Co.,  Ltd.  (Changsha,  China),  with  laboratory  facility
certificate  No.  SCXK  (Xiang)  2019-0004.  The  mice  were
placed  at  a  constant  temperature  of  22  ±  2  °C  and  a  hu-
midity  of  about  55%  under  a  controlled  12  h  light-dark
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cycle,  with free access to food and water.  All  experimen-
tal  protocols  were  approved  by  the  Animal  Ethics  Com-
mittee  of  Hunan  University  of  Chinese  Medicine
(LL2021030202). 

2.2 QGA II preparation

The  QGA  II  comprising  15  g  of  Gouqizi  (Lycii  Fructus),
15  g  of  Huangqi  (Astragali  Radix),  10  g  of  Chuangxiong
(Chuanxiong Rhizoma), 15 g of Nvzhenzi (Ligustri Lucidi
Fructus),  and  10  g  of  Niuxi  (Achyranthis  Bidentatae
Radix)  was  purchased  from  The  First  Hospital  of  Hunan
University  of  Chinese  Medicine.  Additionally,  10  g  of
Dengzhanxixin (Erigerontis Herba) were purchased from
Kunming Daodi Prepared Slices of Chinese Crude Facto-
ry. After soaking in distilled water for 2 h, the herbs were
decocted  twice  with  water  for  1  h  each  time,  which  was
subsequently stored at 4 °C. 

2.3 Reagents and chemicals

Anti-Brn3a  antibodies  were  acquired  from  Abcam  Plc
(UK).  Goat  anti-rabbit  immunoglobulin  G  (IgG)  was  ob-
tained from Wuhan Servicebio Technology Co., Ltd. (Chi-
na).  Quant-iT  PicoGreen  dsDNA  assay  kit,  Agarose,  and
Agilent high-sensitivity DNA kit were obtained from Invit-
rogen  Corporation  (USA).  Mag-Bind  soil  DNA  kit  was
purchased  from  Sigma  Aldrich  Co.,  Ltd.  (USA).  MiSeq
reagent kit  V3 and TruSeq Nano DNA LT library prep kit
were acquired from Illumina, Inc. (USA). 

2.4 Instruments

Rebound  tonometer  (Tiolatoy,  Icare),  polymerase  chain
reaction (PCR) amplifier (ABI,  2720),  electrophoresis ap-
paratus  (Beijing  Liuyi  Biotechnology  Co.,  Ltd.,  DYY-6C),
gel  imaging  system  (Beijing  Baijing  Biology  Technology
Co., Ltd., BG-GDS AUTO), NanoDrop (Thermo Scientific,
NC2000),  and upright  optical  microscope (Nikon Corpo-
ration, Nikon Eclipse E100). 

2.5 Drug administration

The  DBA/2J  mice  were  utilized  as  models  for  studying
chronic  high  IOP,  a  spontaneous  disease  progressively
developed in the mice around seven months of age [12, 13].
Since then, the IOP was measured monthly from week 10
to  38  of  age.  According  to  prior  research,  mice  with  an
IOP exceeding 21 mmHg at week 38 of age were deemed
to have successfully established the model [10]. Ultimately,
10 DBA/2J mice meeting the criteria for model screening
were included in the study. The mice were randomly as-
signed to model and QGA II groups (n = 5 for each group)
using a random number table.  An additional 5 C57BL/6J
mice  were  designated  as  control  group.  Mice  in  control
and  model  groups  received  12.91  mL/(kg·d)  of  distilled

water  via  intragastric  administration,  while  those  in  the
QGA  II  group  were  intragastrically  given  9.67  g/(kg·d)  of
QGA  II  herbal  liquid [10].  All  mice  were  dosed  daily  for  4
weeks. These mice were subsequently anesthetized by in-
traperitoneal  injection  of  1%  pentobarbital  (0.2  mL/kg),
followed  by  euthanasia  via  cervical  dislocation.  The  left
eyes  of  the  mice in  the three groups were  harvested and
placed  in  Eppendorf  (EP)  tubes  containing  fixative  solu-
tion  at  room  temperature  for  subsequent  hematoxylin
and eosin (HE) staining and immunofluorescence.  Their
colons were excised under sterile conditions using a ster-
ile  scalpel  to  collect  the  fecal  matter,  which  was  swiftly
frozen in liquid nitrogen and immediately transferred in-
to a freezer of – 80 °C for gut microbiota analysis. 

2.6 Examination  of  the  morphology  of  the  retina  by  HE
staining

The  eyeball  tissues  were  fixed  in  an  eye  fixative  fluid
for 48 h.  Subsequently,  the samples were dehydrated th-
rough  a  graded  series  of  ethanol,  specifically  75%,  85%,
and 95%.  The dehydrated samples  were rinsed in  xylene
and then embedded with paraffin wax. Next, the samples
were cut  into  5  μm in thickness  with the use of  a  micro-
tome. The sections were then mounted onto glass slides,
which were later placed in xylene to remove the paraffin
wax. After removal,  the sections were rehydrated using a
decreasingly  graded  series  of  ethanol,  and  the  gradients
were  100%,  95%,  and  75%,  respectively.  After  that,  the
samples were stained using HE for 5 min, and then rinsed
using  running  water  to  wash  off  the  excessive  HE.  The
next step was to differentiate the stained samples in a so-
lution  of  acid  alcohol  (1%  hydrochloric  acid  in  70%
ethanol)  for  20 s,  and rinsed again under running water,
followed  by  being  blued  in  alkaline  water,  and  stained
again using HE for  2  min.  The stained samples  were  de-
hydrated  once  more  with  the  use  of  100%  ethanol.  The
samples were then cleared in xylene and mounted with a
suitable  mounting  medium.  Lastly,  dry  samples  were
placed under a light microscope for examination, during
which process the number of RGCs within each slide was
recorded. 

2.7 Detection  of  Brn3a  proteins  in  the  retina  using  im-
munofluorescence technology

The  paraffin  sections  were  subjected  to  antigen  retrieval
in  a  water  bath following deparaffinization.  The sections
were then blocked with 5% goat  serum, followed by 40 –
50 μL of  anti-Brn3a antibody (diluting ratio  of  1  :  2  000),
and were covered with wet box overnight at  4 °C. Subse-
quently, the slides were washed with PBS for three times,
5  min  each  time.  The  secondary  antibody  (diluting  ratio
of  1  :  500)  was  added  and  incubated  for  50  min  at  room
temperature, and the slides were washed with phosphate
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buffered saline (PBS) for three times, 5 min per time. The
slides  were  slightly  dried  and  incubated  with  tyramide
signal  amplification  (TSA)  dropwise  and  shielded  from
light  for  10  min  at  room  temperature.  After  incubation,
the  slides  were  placed  in  tris-buffered  saline  Tween-20
(TBST),  followed by PBS rinsing for three times.  The nu-
clei were counterstained with 4',6-diamidino-2-phenylin-
dole (DAPI) solution for 10 min at room temperature, af-
ter which autofluorescence was effectively quenched. The
mean  optical  density  (OD)  values  were  analyzed  using
ImageJ software. 

2.8 DNA extraction and polymerase chain reaction (PCR)
amplification of gut microbiota

The stool samples were transferred into sterile microcen-
trifuge tubes containing an extraction lysis buffer and ho-
mogenized. Nucleic acids were then extracted using Mag-
Bind soil DNA kit, and the resulting DNA was quantified.
The  quality  of  the  DNA  extraction  was  assessed  by  run-
ning  a  0.8%  agarose  gel  electrophoresis.  Bacterial  DNA
fragments of approximately 480 bp in length were select-
ed  for  analysis.  PCR  amplification  was  performed  using
specific  primers targeting the V3 − V4 region of  bacterial
16S  rRNA  sequencing:  338F  (5’-ACTCCTACGGGAG-
GCAGCA-3’)  and  806R  (5’-GGACTACHVGGGTWTC-
TAAT-3’).  The  amplified  products  were  purified  and  re-
covered using magnetic  bead technology for  subsequent
fluorescence  quantification.  Based  on  the  quantification
results,  the samples were then fixed in the required pro-
portions to  satisfy  the sequencing requirements  for  each
individual  sample.  To  calculate  the  mixing  proportions,
the required volume of each sample based on its concen-
tration  and  target  sequencing  amount  was  determined,
then combined in the appropriate ratios to reach the tar-
get  total  volume.  To  ensure  representativeness  in  the
mixed samples, samples from all groups were included in
a  balanced  proportion  based  on  their  microbial  abun-
dance,  and  technical  replicates  were  performed  to  en-
sure consistency and adequate coverage within the mixed
samples. 

2.9 Preparation  of  sequencing  libraries  and  quality  con-
trol

Sequencing  libraries  were  prepared  using  the  Illumina
MiSeq/NovaSeq  sequencing  platform.  A  1  μL  aliquot  of
each  library  was  assessed  for  quality,  with  the  expecta-
tion that qualified libraries would show a distinct peak, be
free  of  adapters,  and  have  concentrations  exceeding
2  nmol/L  as  determined  by  Quant  iT  PicoGreen  dsDNA
assay  kit  on  a  Promega  Quantifluor  Fluorescence  Quan-
tification  System.  Libraries  that  met  these  criteria  were
then sequenced using the paired-end sequencing on the
Illumina  MiSeq/NovaSeq  platform  to  analyze  the  DNA
fragments. 

2.10 Analysis of species information in gut microbiota

Following  the  initial  decoding  of  raw  sequence  data,  the
sequences  were  processed  using  the  Divisive  Amplicon
Denoising  Algorithm  2  (DADA2)  plugin,  which  involved
steps  such  as  primer  trimming,  quality  filtering,  denois-
ing,  merging,  and  the  removal  of  chimeric  sequences.
The  sequences  were  subsequently  clustered  based  on
their  similarity  to  generate  amplicon  sequence  variants
(ASVs) and compile the corresponding abundance data.

The α-diversity  and β-diversity  indices  were  calculat-
ed  to  evaluate  the  intra-sample  diversity  and  inter-sam-
ple  variations  in  microbial  community  structure  among
different  groups.  In  the α-diversity  indices,  species  rich-
ness  was  quantified  using  the  Chao1  and  observed
species index, diversity was measured by the Shannon in-
dex,  and  evenness  was  assessed  with  Pielou’s  evenness
index.  Species  annotation  was  performed  using  the
Greengenes database. The QIIME2 V2019.4 classification
framework, employing the classify-sklearn algorithm, was
applied  to  each  ASV  feature  sequence.  Default  parame-
ters were utilized within the QIIME2 software, and a pre-
trained  Naive  Bayes  classifier  was  employed  to  obtain
species  annotation  information.  Taxonomic  classifica-
tion of ASVs identified differentially abundant taxa across
six taxonomic levels:  phylum, class,  order,  family,  genus,
and species. 

2.11 Statistical analysis

Measurement  data  were  presented  as  mean  ±  standard
deviation  (SD)  and  analyzed  using  SPSS  25.0.  Tests  for
normality  and  homogeneity  of  variance  were  initially
conducted.  If  the  data  conformed  to  the  assumptions  of
normality  and  homogeneity  of  variance,  multiple  group
comparisons  were  performed  using  analysis  of  variance
(ANOVA).  If  these assumptions were violated,  non-para-
metric  tests  were  used  for  multiple  group  comparisons.
P <  0.05  was  considered  statistically  significant,  and P <
0.01 was regarded the presence of highly statistically sig-
nificant  difference.  Relative  abundance  bar  plots  and
Venn diagrams were generated using R scripts or Graph-
Pad  Prism.  Differential  marker  species  among  groups
were  identified  through  linear  discriminant  analysis
effect  size  (LEfSe)  analysis  using  the  Python  LEfSe  pack-
age in conjunction with R packages ggtree and ggplot2 for
visualization and statistical processing. 

3 Results
 

3.1 IOP of mice in each group

The  IOP  of  C57BL/6J  mice  remained  relatively  stable,
fluctuating  between  10  and  16  mmHg  from  week  10  to
week 38 of age. In DBA/2J mice, IOP increased to beyond
21  mmHg  after  30  weeks.  The  IOP  of  DBA/2J  mice  was
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higher than that of C57BL/6J mice starting at week 14 (P <
0.05).  The  IOP  of  DBA/2J  mice  was  significantly  higher
than that of C57BL/6J mice starting at week 18 (P < 0.01).
A  comparison  of  IOP  between  DBA/2J  and  C57BL/6J
mice at  different time points from week 10 to week 38 of
age is shown in Figure 1.
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Figure 1   IOP values in mice from week 10 to week 38 of
age
*P  <  0.05 and **P  <  0.01, compared with C57BL/6J mice.
  

3.2 Changes  in  the  retinal  structure  of  mice  in  different
groups by HE staining

In control group, light microscopy revealed clear and in-
tact retinal layers, with RGCs of a round or oval shape ar-
ranged in a single layer (Figure 2A). However, the model
group showed a decrease in RGCs and nerve fiber break-
age  in  ganglion  cell  layer  (GCL)  (Figure  2B,  with  yellow
arrow). In QGA II group, there were more RGCs and fewer
nerve  fiber  ruptures  than  model  group  (Figure  2C).  The
model  group  exhibited  a  significant  reduction  in  the
number of RGCs, compared with control group (Figure 2D,
P < 0.01). In QGA II group, the number of RGCs was high-
er than model group (Figure 2D, P < 0.01). 

3.3 Detection  of  the  expression  level  of  Brn3a  protein  in
the retina by immunofluorescence

According to the results of immunofluorescence labeling,
Brn3a  was  expressed  at  high  level  in  the  GCL  of  control
group.  However,  in  model  group,  the  expression  level  of
Brn3a was significantly decreased in the GCL. The use of
QGA II was found to enhance the expression of Brn3a in
the  GCL  of  DBA/2J  mice  (Figure  3).  Additionally,  the
mean  OD  values  of  Brn3a  proteins  were  significantly  re-
duced in model group compared with control group (P <
0.01).  Compared  with  model  group,  QGA  II  group
showed significantly  increased OD values for  Brn3a pro-
tein (P < 0.01). 

3.4 Analysis of α-diversity indices

Figures 4A – 4D illustrate the rarefaction curves for the α-
diversity  indices,  including  Chao  1,  Shannon,  Pielou’s
evenness,  and  observed  species.  These  curves  show  that
as the number of reads increases,  the richness,  diversity,
evenness,  and  coverage  indices  reach  a  plateau.  This

finding  suggested  the  presence  of  adequate  sequencing
depth,  which  ensured  that  the  sequencing  process  was
both appropriate and statistically significant.

The α-diversity  analysis  revealed  that  model  group
exhibited  decreased  bacterial  richness,  diversity,  even-
ness, and coverage compared with control group, but the
differences  were  not  statistically  significant  (P >  0.05).
Compared with model group, QGA II group demonstrat-
ed markedly elevated Chao 1, Shannon, Pielou’s evenness
indices (P < 0.01), and observed species indices (P < 0.05).
The detailed results are presented in Figure 4E − 4H, and
Table 1. 

3.5 Analysis of β-diversity indices

Based on Bray-Curtis  distances,  the principal  coordinate
analysis  (PCoA)  of  gut  microbiota  among  groups  is  de-
monstrated in Figure 5A. The analysis showed that Axis 1,
which accounted for 19.5% of the variance, was the main
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Figure  2   Effects  of  QGA  II  on  retinal  morphology  and
RGC counts in mice (× 400)
A, control group. B, model group. C, QGA II group. D, the num-
ber of RGCs. GCL, ganglion cell layer. IPL, inner plexiform layer.
INL, inner nuclear layer. OPL, outer plexiform layer. ONL, outer
nuclear  layer.  IS,  inner  segment  of  photoreceptors.  OS,  outer
segment  of  photoreceptors.  RPE,  retinal  pigment  epithelium.
RGCs, retinal ganglion cells. Data were represented as mean  ± 
SD. **P <  0.01,  compared  with  control  group. ##P <  0.01,  com-
pared with model group.
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Figure  3   Effects  of  QGA  II  on  Brn3a  protein  expression
in DBA/2J mice
A, immunofluorescence-labeled localized Brn3a protein in mice
(× 400).  B,  the  OD  value  of  Brn3a  protein  in  the  retina.  Data
were represented as mean  ±  SD. **P < 0.01, compared with con-
trol group. ##P < 0.01, compared with model group.
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contributor to sample differentiation,  followed by Axis 2,
which  explained  13.9%  of  the  variance.  According  to
Bray-Curtis  distances,  the  non-metric  multidimensional
scaling  (NMDS)  of  gut  microbiota  among  the  groups  is
illustrated  in Figure  5B.  The  analysis  revealed  that  sam-
ples  from  control,  model,  and  QGA  II  groups  were  dis-
cernible, indicating a relatively low similarity in the struc-
ture of bacterial community among the three groups. 

3.6 Distribution and differences in the composition of the
gut microbiota at the phylum level

The  structure  of  gut  microbiota  in  different  mice  was
investigated  at  the  phylum  level.  A  bar  plot  depicting
the top 20 phylum by relative abundance is illustrated in
Figure  6A.  The  dominant  flora  included Firmicutes, Bac-
teroidetes, Proteobacteria, Saccharibacteria (TM7),  and
Actinobacteria.

A  comparative  analysis  of  relative  abundance  of

bacteria among the groups revealed that model group ex-

hibited  a  significant  decrease  in Bacteroidetes compared

with control group (Figure 6B, P < 0.01). Following inter-

vention with QGA II,  there was an increase in its relative

abundance,  although  this  change  was  not  statistically
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Figure 4   Effects of QGA II on α-diversity indices
A – D, rarefaction curve of Chao 1, Shannon, Pielou’s evenness, and observed species indices of mice in the three groups, respectively.
E – H, box plots of Chao 1, Shannon, Pielou’s evenness, and observed species indices of mice in the three groups, respectively. *P  < 
0.05 and **P  <  0.01, compared with model group.

 

Table 1   Comparison of the α-diversity index of gut microbiota of mice in each group

Group Chao 1 Shannon Pielou’s evenness Observed species

Control 1 244.42 ± 420.48 5.73 ± 2.10 0.56 ± 0.19 1 168.95 ± 414.86

Model 827.08 ± 379.70 4.53 ± 0.72 0.48 ± 0.05 730.48 ± 368.36

QGA II 1 526.09 ± 241.48* 7.50 ± 1.15** 0.72 ± 0.11** 1 374.68 ± 309.70*

*P < 0.05 and **P < 0.01, compared with model group.
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Figure  5   Analysis  of β-diversity  indices  based  on  PCoA
and NMDS
A,  Bray-Curtis  distance-based  PCoA.  B,  Bray-Curtis  distance-
based  NMDS.  The  elliptical  dashed  circles  in  the  figure  repre-
sent 95% confidence ellipses.
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significant  (Figure  6B, P >  0.05).  Moreover,  compared
with control group, model group showed a significant in-
crease  in Firmicutes abundance  and Firmicutes/Bac-
teroidetes (F/B)  ratio  (Figure  6B and 6C, P <  0.01).  After
QGA  II  intervention,  a  significant  decrease  in  their  rela-
tive  abundance  was  observed  (P <  0.01).  Conversely,  al-
though model group showed a slight decrease in the rela-
tive  abundance of Proteobacteria compared with control
group,  this  difference  was  not  statistically  significant
(Figure  6B, P >  0.05).  However,  after  intervention  with
QGA  II,  a  significant  increase  in  relative  abundance  was
observed (Figure 6B, P < 0.01).

  
A

B C

100

100 Group**

##

*##

**

50

40
**

##

30

20

F/
B

 ra
tio

10

0
Control Model QGA Ⅱ

0
Firmicutes Bacteroidetes

Phylum Group

Group

Proteobacteria

Control
Model
QGA Ⅱ

75

Top 20 phylum
WS6
GNO2
Deferribacteres
Tenericutes
Nitrospirae
Planctomycetes
Armatimonadetes
Chlamydiae
OD1
Chlorobi
[Thermi]
Gemmatimonadetes
Acidobacteria
Chloroflexi
Verrucomicrobia
Actinobacteria
TM7
Proteobacteria
Bacteroidetes
Firmicutes

50

R
el

at
iv

e 
ab

un
da

nc
e 

(%
)

R
el

at
iv

e 
ab

un
da

nc
e 

(%
)

25

0
Control Model QGA Ⅱ

 
Figure  6   Distribution  and  differences  in  the  composi-
tion  of  the  gut  microbiota  at  the  phylum  level  in  each
group
A,  relative  abundance  of  gut  microbiota  at  the  phylum  level.
B,  the  top  3  species  in  terms  of  relative  abundance  at  the  phy-
lum  level.  C,  F/B  ratio.  Data  were  represented  as  mean   ±   SD.
*P < 0.05 and **P < 0.01, compared with control group. ##P < 0.01,
compared with model group.
  

3.7 Distribution and differences in the composition of the
gut microbiota at the genus level

At  the  genus  level,  a  bar  plot  illustrating  the  relative
abundance  of  the  top  20  genus  is  depicted  in Figure  7A.
These  predominant  genera  include Lactobacillus, Desul-
fovibrio, Allobaculum, Ochrobactrum,  and Delftia,  with
Lactobacillus being  the  predominant  genus.  A  compara-
tive analysis revealed a significant increase in the relative
abundance  of Lactobacillus in  model  group  compared
with control group (Figure 7B, P < 0.01). Following inter-
vention  with  QGA  II,  there  was  a  significant  decrease  in
its relative abundance (Figure 7B, P < 0.05). 

3.8 ASVs Venn diagram and analysis

Figure 8A shows the number of ASVs in the three groups.
Control,  model,  and  QGA  II  groups  were  collectively
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Figure  7   Distribution  and  differences  in  the  composi-
tion of the gut microbiota at the genus level in each group
A,  relative  abundance  of  the  gut  microbiota  at  the  genus  level.
B,  relative  abundance  of Lactobacillus.  Data  were  represented
as  mean   ±   SD. **P <  0.01,  compared  with  control  group. #P <
0.05, compared with model group.
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Figure  8   ASVs  analysis  and  taxonomic  composition
among the groups
A,  Venn  diagram  of  ASVs  of  the  gut  microbiota  in  the  three
groups. B and C, frequency distribution of bacterial taxa at phy-
lum and genus levels in different Venn diagram regions, respec-
tively.  D and E,  relative  abundance of  bacterial  taxa  at  phylum
and genus levels in different Venn diagram regions, respective-
ly. Different colors represent distinct taxonomic groups, and the
percentage on each axis indicates the proportion of correspond-
ing bacterial taxa.

338 ZHOU Yasha, et al. / Digital Chinese Medicine 7 (2024) 332-342



clustered into a total of 14 061 ASVs. The sequences from
model group and QGA II group were clustered into 9 514
ASVs. Within this clustering, 27.91% were unique to mod-
el group, while 65.38% were unique to QGA II group. This
finding  indicated  increase  in  microbial  diversity  in  the
mice following gavage with QGA II.

In  terms  of  species  frequency,  at  the  phylum  level,
QGA II group showed a decrease in TM7 and an increase
in Proteobacteria, Firmicutes,  and Bacteroidetes,  com-
pared  with  model  group  (Figure  8B).  At  the  genus  level,
relative to model group, QGA II group demonstrated a re-
duction in Lactobacillus and Adlercreutzia,  accompanied
by an increase in Bacteroides, Oscillospira,  and Clostridi-
um (Figure  8C).  Regarding  relative  abundance  of  the
species, at the phylum level, QGA II group demonstrated
a  decrease  in Firmicutes and TM7,  and  an  increase  in
Bacteroidetes and Actinobacteria compared  with  model
group  (Figure  8D).  At  the  genus  level,  QGA  II  group  ex-
hibited  a  reduction  in Lactobacillus and  an  elevation  in
Desulfovibrio and Streptococcus compared  with  model
group (Figure 8E). 

3.9 LEfSe analysis

Using  the  LEfSe  analysis  method  (LDA  >  2),  a  compara-
tive  analysis  was  conducted  to  identify  gut  microbiota
taxa  with  statistically  significant  differences  among  con-
trol, model, and QGA II groups (Figure 9). It was revealed
that  QGA  II  group  exhibited  a  more  diverse  microbiota
profile.  Specifically,  model  group  showed  a  higher  rela-
tive  abundance  in  eight  taxa,  including  the  genus Lacto-
bacillus, Lactobacillaceae, Lactobacillales, and Firmicutes.
In contrast, QGA II group demonstrated an increased rel-
ative  abundance  in  133  taxa,  including  the Proteobacte-
ria, Alphaproteobacteria, Bacteroidetes, Bacteroidales,
and Bacteroidia. 

4 Discussion
 

4.1 Syndromes closely related to optic neuropathy caused
by chronic high IOP

This study demonstrated that the DBA/2J mice in QGA II
group exhibited mitigated retinal damage and significant-
ly increased expression level of Brn3a protein, a common
marker  for  the  detection  of  RGCs [14, 15],  compared  with
mice  in  model  group,  indicating  that  QGA  II  did  exert  a
protective  effect  on  the  optic  nerve. “Chronic” in  the
name  of  the  investigated  diseases  refers  to  a  prolonged
disease  course  leading  to  Qi  depletion  and  Yin  damage,
resulting in a state of “deficiency”. The liver and kidneys,
which were affected most by the depletion of Qi and Yin,
bear primary consequences from the “deficiency” associ-
ated with chronic high IOP. Therefore, clinical treatment
for the “deficiency” focuses on “tonification”, particularly

nourishing the liver  and kidneys.  High IOP is  commonly
due to the poor drainage of ocular contents,  primarily in
the aqueous humor, leading to a state of “blood stasis”.

Taking  this  pathogenesis  into  consideration  QGA  II
incorporates Huangqi (Astragali Radix) to address the un-
derlying  deficiencies  and  prominently  features  Gouqizi
(Lycii  Fructus),  Nvzhenzi  (Ligustri  Lucidi  Fructus),  and
Niuxi (Achyranthis Bidentatae Radix) to nourish and sup-
port  liver  and  kidney  functions.  The  stagnation  of  aque-
ous  humor  and  obstruction  of  ocular  pathways,  which
contribute  to  poor  circulation,  can  be  addressed  using
this formula as well.  Therefore, the formula included Ni-
uxi  (Achyranthis  Bidentatae  Radix)  and  Dengzhanxixin
(Erigerontis  Herba)  to  invigorate  blood  flow,  and
Chuangxiong  (Chuanxiong  Rhizoma)  to  promote  Qi
movement, aiming to resolve the stasis in the underlying
mechanism of high IOP. In this experiment, DBA/2J mice
began  to  show  elevated  IOP  at  the  age  of  7  months  old,
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Figure  9   Taxonomic  hierarohy  and  differential  abun-
dance analysis among the groups
The  inner  to  outer  circles  respectively  showed  the  taxonomic
rank relationships of the major taxonomic units from phylum to
genus. Node size corresponded to the mean relative abundance
of  that  taxonomic  unit.  Hollow  nodes  represented  taxonomic
units  with insignificant,  whereas nodes of  colors indicated that
these  taxonomic  units  reflected  significant  inter-group  differ-
ences  and  were  more  abundant  in  the  group  represented  by
that color.
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which peaked around 9 to 10 months old [16, 17], and expe-
rienced  persistent  aqueous  humor  outflow  obstruction,
corresponding to the stasis described in TCM. Moreover,
these  mice  exhibited  age-related  progressive  retinal  de-
generation [17], aligning with the deficiencies presented in
many chronic conditions.  Therefore,  the pathogenic fea-
tures presented by the DBA/2J mice were consistent with
the  syndrome  of  Qi  and  Yin  deficiencies  and  pulse-
obstructing blood stasis caused by chronic high IOP. 

4.2 Influences of QGA II on gut microbiota of mice with
optic neuropathy caused by chronic high IOP

Microbiomics offered a comprehensive understanding of
the  total  gene  sequences  within  the  gut  microbiota.  The
TCM  compound  QGA  II  exemplified  a  drug  phenotypic
profile,  and  the  investigation  of  its  effects  on  gut  micro-
biota  represented  a  specific  application  within  the  phe-
nomics research of TCM. This study investigated the pro-
tective effects of QGA II on key components of the gut mi-
crobiota  in  mice  with  chronic  high  IOP,  by  examining
their biodiversity using α-diversity indicies to thoroughly
analyzing  richness  using  Chao1  and  observed  species,
microbial  diversity using Shannon index,  and uniformity
using  Pielou’s  evenness  in  the  gut  microbiota.  Our  find-
ings  demonstrated  a  significant  reduction  in  both  the
richness  and  diversity  of  the  gut  microbiota  in  DBA/2J
mice.  However,  intervention  with  QGA  II  notably  re-
stored and enhanced the richness and diversity of the gut
microbiota  while  also  modified  its  structural  composi-
tions. Analysis of β-diversity indices further corroborated
these  results,  showing  that  QGA  II  treatment  improved
both microbial diversity and richness.

The association between glaucoma and gut microbio-
ta  was  initially  proposed  by  KOUNTOURAS  et  al. [18] in
2000,  who  hypothesized  that Helicobacter  pylori might
contribute  to  the  pathogenesis  of  glaucoma.  Numerous
studies  subsequently  investigated  the  interplay  between
microbial  communities  and  the  development  of  glauco-
ma.  A  study [19] utilizing  glaucoma  rat  models  reported  a
notable  increase  in  the  F/B  ratio  compared  with  control
rats. In addition, the examination of gut microbiota in hu-
man patients  with glaucoma has  revealed a  greater  ratio
of Firmicutes to Bacteroidetes in comparison with healthy
individuals with open-angle glaucoma [20].  These findings
have  suggested  a  significant  resemblance  between  alter-
ations  in  gut  microbiota  observed  in  glaucoma  rats  and
those  found  in  human  patients. Firmicutes and Bac-
teroidetes were the two dominant phyla in gut microbiota.
Our  research  on  DBA/2J  mice  revealed  an  elevated
F/B ratio. However, QGA II treatment resulted in a reduc-
tion  in  the  relative  abundance  of Firmicutes while  an
elevation in Bacteroidetes, thereby decreasing the F/B ra-
tio. Bacteroidetes,  particularly  its  constituent  microbial

populations,  were  recognized  as  key  producers  of  short-
chain fatty  acids  (SCFAs),  which were essential  for  regu-
lating  the  immune  functions  of  the  gut [21].  It  was  as-
sumed  that  the  chronic  and  episodic  aggravation  found
in neurodegenerative disorders may be caused by an im-
balance in the relative abundance among diverse bacteri-
al  populations  rather  than  the  presence  of  specific
pathogenic  bacteria.  The  modulation  of  the  F/B  ratio  by
QGA  II  may  thus  have  exerted  a  critical  mechanism  un-
derlying  its  protective  effects  on  the  optic  nerve  in
DBA/2J mice.

Our study found that, at the genus level, DBA/2J mice
exhibited a significant increase in the relative abundance
of Lactobacillus and a significant decrease in Bacteroides
compared with control  group. In TCM, gut microbiota is
conceptually associated with the spleen system, perform-
ing analogous functions. The spleen is crucial for vital en-
ergy  (immunity),  synthesis  and  distribution  of  essence
and  blood  (microcirculation),  and  the  aging  process.
Thus,  TCM  addresses  glaucoma  using  a  spleen-centric
approach [22]. QGA II included Huangqi (Astragali Radix),
a  traditional  herb  renowned  for  its  spleen-strengthening
properties,  which  contribute  to  the  restructure  of  the
composition  of  gut  microbiota.  Additionally,  Huangqi
(Astragali Radix) and Gouqizi (Lycii Fructus) were rich in
the polysaccharides in this formula. Due to their complex
structures,  polysaccharides  are  resistant  to  direct  enzy-
matic  degradation  in  the  human  digestive  system  and
thus traverse to the large intestine. Therefore, gut micro-
biota play a pivotal role in the metabolism of polysaccha-
rides,  providing  essential  energy  to  the  host,  promoting
the  proliferation  of  beneficial  bacteria,  and  supporting
the maintenance of a balanced and healthy intestinal en-
vironment [23]. Lactobacillus is  the  most  prevalent  genus
in  gut  microbiota [24] and  a  key  representative  of  benefi-
cial intestinal bacteria. LIU et al. [25] found that Astragalus
polysaccharides  significantly  improved  the  structure  of
gut  microbiota  in  osteoporosis  rat  models,  with Lacto-
bacillus emerging as a potentially crucial bacterial genus.
Moreover,  studies  have  concluded  that  Chuangxiong
(Chuanxiong  Rhizoma)  and  Nvzhenzi  (Ligustri  Lucidi
Fructus) ameliorate pathological conditions by modulat-
ing  the  population  of Lactobacillus in  both  human  and
animal models [26, 27]. In our study, the relative abundance
of Lactobacillus was markedly elevated. The increase was
thought to be associated with a decrease in overall diver-
sity and richness of the gut microbiota in mouse models,
leading to a disruption of microbial balance and a conse-
quent rise in the relative abundance of Lactobacillus. Fol-
lowing  intervention  with  QGA  II,  there  was  an  observed
increase in the diversity of gut microbiota, with microbial
proportions  gradually  returning  to  a  balanced  state,  re-
flected by a decrease in the abundance of Lactobacillus. 
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4.3 Significance and limitations of the study

This study had identified the impact of QGA II on gut mi-
crobiota of DBA/2J mice. The interaction with the gut mi-
crobiota maybe the mechanism by which the formula ex-
erted  its  optic  neuroprotective  effects.  However,  this
study had not yet explored the inherent relationships be-
tween  gut  microbiota  and  optic  nerve  alterations,  which
deserves further research in the future. 

5 Conclusion

Our results demonstrate the effects of QGA II on the mor-
phology of the retina and the structures of the gut micro-
biota  in  DBA/2J  mice,  offering  insight  into  the  explo-
ration  of  associations  between  alterations  in  the  gut  mi-
crobial  profile  and  the  neuroprotective  effects  of  TCM.
QGA II  may serve as a potential  prebiotic agent to target
the gut-eye axis for optic neuroprotection in chronic high
IOP. 
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基于 16S rDNA 测序探讨青光安 II 号方对慢性高眼压模型小鼠肠道菌群的影响
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【摘要】目的  研究青光安 II 号方（QGA II）对慢性高眼压模型小鼠肠道菌群的影响，挖掘其保护视神经的

关键菌群。方法   将 10 只无特定病原体（SPF）级 DBA/2J 雌性小鼠随机分成模型组、QGA II 组（每组

5 只），另取 5 只 SPF 级 C57BL/6J 雌性小鼠作为对照组。小鼠为自发型高眼压模型鼠，约从 7 月龄开始出

现眼压升高。维持高眼压状态至 38 周龄开始灌胃，模型组和对照组给予等体积蒸馏水灌胃，QGA II 组给予

9.67 g/kg QGA II 灌胃，连续 4 周，每日 1 次。采用苏木精-伊红（HE）染色检查视网膜形态学，并对视网膜

神经节细胞（RGCs）进行计数。免疫荧光法检测 RGCs 特异性标志物 Brn3a 蛋白的表达水平，测定平均光

密度（OD）进行定量分析。同时用 16S  rDNA 测序技术分析肠道菌群多样性，包括 α-多样性指数

（Chao1 指数、Shannon 指数、Pielou 均匀度指数、观测物种指数）和 β-多样性指数变化情况，通过韦恩

图和线性判别分析效应值（LEfSe）分析探究在门水平和属水平上各组小鼠肠道菌群的扩增子序列变异

（ASVs）数量、差异物种丰度与差异物种分类。结果  HE 染色显示，与对照组比较，模型组 RGCs 数量明显

减少（P < 0.01），细胞内空泡变性、核固缩。QGA II 治疗后，小鼠 RGCs 数量较模型组显著增加（P <

0.01），细胞内空泡变性明显改善。免疫荧光分析显示，模型组小鼠 Brn3a 蛋白的平均 OD 较对照组显著降

低（P < 0.01），而 QGA II 处理小鼠 Brn3a 蛋白的表达水平显著升高（P < 0.01）。α-多样性分析显示，QGA

II 干预后，Chao1、Shannon 和 Pielou 均匀度指数显著升高（P < 0.01），观测物种指数显著升高（P <

0.05）。β-多样性分析显示，三组间存在明显的聚类，表明细菌群落结构相似性较低。ASVs 聚类在所有组中

确定了 14 061 个 ASVs，其中 9 514 个 ASVs 在模型和 QGA II 组之间共享。在门水平上，与对照组相比，模

型组拟杆菌门丰度显著降低（P < 0.01），厚壁菌门丰度和厚壁菌门/拟杆菌门（F/B）比值显著升高（P <

0.01）。QGA II 处理显著降低了厚壁菌门丰度和 F/B 比值（P < 0.01）。在属水平上，各组均以乳酸菌为优

势菌，与对照组相比，模型组乳酸菌丰度显著升高（P < 0.01）， QGA II 干预后其丰度降低（P < 0.05）。结

论  QGA II 可影响 DBA/2J 小鼠的肠道菌群结构，增加菌群多样性和丰富度，对厚壁菌门、拟杆菌门、乳杆

菌属及其下属微生物的调节可能是 QGA II 发挥视神经保护作用的关键菌群。

【关键词】青光安 II 号方；慢性高眼压；16S rDNA 测序；视神经保护；肠道菌群
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