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Diabetes mellitus (DM) is a serious health problem in the world, and infections are common complica-
tions in diabetic patients, particularly methicillin-resistant Staphylococcus aureus (MRSA) infections, which
substantially increases mortality in patients. In clinical practice, the treatment of diabetic complication-
related infections involves multiple issues such as drug resistance when combining antidiabetic drugs
with antibiotics. In this study, a series of derivatives were synthesized with alkyl radicals with differ-
ent chain lengths substituted at the C8 and C12 positions of berberine, with compounds CY1 and CY3
with good antidiabetic and antibacterial activities screened out after identification. Then, oral liposomes
(CY1-Lip and CY3-Lip) were prepared, and their particle sizes, stability, and pharmacokinetics were inves-
tigated. In acquired mouse models of diabetes, induced with an acute MRSA lung infection, we demon-
strate that CY1-Lip and CY3-Lip can effectively reduce levels of fasting blood glucose (FBG), fasting insulin
(FINS), and insulin resistance index among diabetic mice with pneumonia, thus exerting their multi-
targets effects. Furthermore, both preparations significantly reduced lung MRSA loads and improved lung
tissue lesions, reduced high infiltration of M1 macrophages in lung, and suppressed the expression levels
of pro-inflammatory factors such as necrosis factor-o (TNF-«¢) and interleukin-6 (IL-6). This provides new

insights into the clinical treatment of diabetes complicated with pulmonary infections.
© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Diabetes is a serious health problem in the world, and there
were more than 529 million diabetic patients globally by 2021,
with an increased prevalence of 6.1% year by year [1-3]. Diabetic
patients with long-term metabolic disorders often develop vari-
ous types of complications involving skin, respiratory tracts, blood,
and gastrointestinal tracts [4,5]. Among these complications, lung
infection is a common complication and an important cause of
death among diabetic patients [6-8]. In vivo hyperglycemic con-
ditions of diabetic patients lead to reduced bactericidal capacities
of alveolar macrophages and impaired defense functions among
hosts, thus resulting in their decreased initial anti-infection abili-
ties. In addition, significantly increased glycation end products can
cause vascular endothelial injuries and affect lung ventilation and
diffusion functions, thus facilitating colonization, proliferation, and
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spread of pathogens [9-11]. Some studies have demonstrated that
viruses, bacteria, and fungi are important pathogenic microorgan-
isms causing pneumonia. Staphylococcus aureus is the most com-
mon pathogen colonizing the nasopharynx, with a poor prognosis
and a high mortality rate [12].

In current clinical practice, a combined application of hypo-
glycemic drugs with antibiotics is a primary method for treating
diabetes implications with infections [13-15]. However, this ther-
apeutic approach has multiple drawbacks. For instance, a disease
type can be treated with only one single drug, leading to repeated
medication among patients. Use of antibiotics only after the pres-
ence of infection will result in serious consequences due to delayed
medication of patients, while long-term use of antibiotics can eas-
ily bring about drug resistance [16,17]. Therefore, it is of great sig-
nificance to develop a drug with dual therapeutic effects of blood
glucose reduction and anti-infection, thus improving survival rates
and life quality of diabetic patients.

Berberine (BBR), which is an active component isolated from
Coptis rhizome, possesses multiple hypoglycemic, antibacterial,
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anti-inflammatory, and lipid-lowing pharmacological activities
[18,19]. The current study showed that BBR can be used to treat
type-2 diabetes mellitus (T2DM) through multiple therapeutic
ways, such as repairing injured pancreatic islets, inhibiting gluco-
neogenesis, and promoting glycolysis [20-23]. And its anti-oxidant
and lipid-lowing pharmacological effects can be used as a supple-
mentary method in the treatment of diabetic nephropathy, hepatic
steatosis, hyperlipidemia, and other diabetes-related complications.
In addition, BBR exhibits varying degrees of inhibitory activity
against various microorganisms. However, these antibacterial activ-
ities are still considerably lower than those of commonly used clin-
ical antibiotics [24,25]. Therefore, structural modification of BBR
is an important approach for the development of BBR derivatives
with stronger antibacterial activity and better therapeutic efficacy.

Based on this, we used the BBR structure as a basis and chem-
ically modified it to yield two compounds with stronger antibac-
terial activity while maintaining the hypoglycemic activity of the
BBR screened out. Then, these compounds were used to prepare
oral liposomes, which were used in the treatment of diabetic com-
plications with methicillin-resistant Staphylococcus aureus (MRSA)
lung infection, to explore their anti-MRSA and hypoglycemic mech-
anisms.

The synthesis routes of target compounds are shown in Fig.
1. Alkyl radicals of varying chain lengths were substituted at
the C8 position of BBR through Grignard reaction, with an 8-
alkyl berberine derivative (C8-n-BBR) synthesized. Subsequently,
bromination was performed at the C12 position of C8-n-BB, with
a 12-bromo-8-alkyl berberine derivative (C12-Br-C8-n-BBR) ob-
tained. As shown in Fig. S1 (Supporting information), a total of
eight products, namely, CY1 (C8-10-BBR), CY2 (12-Br-C8-10-BBR),
CY3 (C8-12-BBR), CY4 (12-Br-C8-12-BBR), CY5 (C8-14-BBR), CY6
(12-Br-C8-14-BBR), CY7 (C8-16-BBR), CY8 (12-Br-C8-16-BBR), and
CY9(C8-18-BBR), were synthesized. '"H NMR, 3C NMR, and liquid
chromatography-mass spectrometry (LC-MS) (Fig. S2 in Support-
ing information) were conducted to characterize and confirm all
these compounds, with in vitro antibacterial activity screening per-
formed to screen out derivatives with strong antibacterial activi-
ties. As shown in Table S1 (Supporting information), CY1 and CY3
exhibit excellent antibacterial activities against C. albicans, C. neo-
formans, and MRSA (with the same minimum inhibitory concentra-
tion (MIC) of 0.25pg/mL) among all compounds in the test. Then,
the inhibitory effects of CY1 and CY3 on K. pneumoniae, P. aerug-
inosa, A. baumannii, and S. pneumoniae were further investigated.
The results presented in Table S2 (Supporting information) show
that CY1 and CY3 exhibit stronger inhibitory activities against G
pathogens (S. pneumoniae and MRSA) than their inhibitory activ-
ities against G~ pathogens (K. pneumoniae, P. aeruginosa, and A.
baumannii). In particular, their inhibitory activities against S. pneu-
moniae are 64 times that of BBR, and their inhibitory activities
against MRSA are 512 times higher than those of BBR. The re-
sults of the in vitro hypoglycemic activity test in Fig. S3 (Sup-

Br,(10eq)
AcOH

L(CH,),.CH,
CY9: R=-CH,(CH,),(CH,
CY2: R=-CH,(CH,),CH, g
CY4: R=-CH,(CH,),,CH;
CY6: R=-CH,(CH,),,CH,
CY8: R=-CH,(CH,),,CH,

vt cv3

Fig. 1. Synthetic routes of target compounds CY1-CY9.
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porting information) show that glucose consumption amounts of
HepG2 cells significantly decrease with the increases in CY1 and
CY3 concentrations, especially under a concentration of 4ng/mL,
those amounts are significantly lower than that of HepG2 cells un-
der the effect of BBR (P <0.01). Therefore, CY1 and CY3 were se-
lected as experimental subjects in further in vivo experiments.

In order to improve the solubility of BBR derivatives and protect
them from gastrointestinal acid destruction and enzyme degrada-
tion, oral liposomes with CY1 and CY3 (CY1-Lip and CY3-Lip) were
prepared in this study. The diameters and zeta potentials of CY1-
Lip and CY3-Lip were determined by the dynamic light scattering.
As shown in Figs. 2A and B, CY1-Lip and CY3-Lip have average di-
ameters of 81.6 £ 3.4nm and 85.3 & 5.7 nm, respectively, presenting
relatively small particle sizes that are evenly distributed (polymer
dispersity index (PDI)=0.241), which is conducive to the penetra-
tion of these two liposomes through the gastrointestinal barrier.
Transmission electron microscope (TEM) images showed that CY1-
Lip and CY3-Lip present regular spherical morphology, and average
zeta potentials was 46.1+2.3mV and 42.3 +3.7mV, respectively,
presenting good dispersion stability. In addition, CY1-Lip and CY3-
Lip were effectively encapsulated, with encapsulation efficiency
(EE) as high as 87.2% and 89.6%, respectively. As shown in Fig. 2C,
particle sizes and encapsulation rates of liposomes remained stable
after 72h in 37 °C temperatures environment during the storage
time without obvious drug precipitation. The in vitro drug release
studies of CY1-Lip and CY3-Lip were carried out in the simulated
gastric fluids (SGF) and intestinal fluids (SIF). As shown in Fig. 2D,
the cumulative release rate of BBR in SGF reached a value of 90.3%
within 2 h. And the cumulative release rates of CY1 and CY3 in SGF
reached values higher than 80%, with values of their release rates
after a period of 6h in SIF higher than 90%. Different from this,
CY1-Lip and CY3-Lip presented stable release rates of 18.6% and
20.6% after 2 h in SGF, respectively. Transferred to SIF, their release
rates reached their maximum values after 24 h and then stabilized,
showing no significant variations. This indicates that CY1-Lip and
CY3-Lip present some certain sustained release effects in gastric
fluid, facilitating the absorption of most drugs into intestines and
subsequent systemic circulation. A pharmacokinetic study was per-
formed to investigate the in vivo behavior of CY1-Lip and CY3-Lip.
The results in Fig. S4 (Supporting information) and Table S3 (Sup-
porting information) show that the half-life and Cpax of CY1-Lip
are 1.31 and 1.33 times those of CY1, respectively, while the half-
life and Cpax of CY3-Lip are 1.4 and 1.25 times those of CY3, re-
spectively. Areas under concentration-time curves (AUCy_) of these
two liposomes are significantly greater than those of their corre-
sponding free drugs. Besides, it also had a better safety profile (Fig.
S5 in Supporting information). The results confirm that CY1-Lip
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Fig. 2. Characterization of CY1-Lip and CY3-Lip. (A) Size distribution and the rep-
resentative TEM images of CY1-Lip and CY3-Lip. Scale bar: 50 nm. (B) The average
zeta potential of CY1-Lip and CY3-Lip. (C) Stability of CY1-Lip and CY3-Lip (diame-
ter and encapsulation efficiency). (D) In vitro release profiles of CY1-Lip and CY3-Lip
after 72 h in SGF and SIF. The data were expressed as mean + SD (n=3).
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and CY3-Lip present higher blood drug concentrations than those
of BBR and free drugs CY1 and CY3, with significantly improved
oral bioavailability.

A T2DM mouse model was established to investigate the in vivo
therapeutic efficacy of CY1-Lip and CY3-Lip (Fig. S6 in Support-
ing information). Animal experiments were conducted with ap-
proval from the Animal Ethics Committee of southwest university
(approval number: IACUC-20210625-02). BBR and metformin hy-
drochloride (Met) were used as control groups. During the period
of drug administration, body weights and blood glucose levels of
mice in the CY1-Lip and CY3-Lip groups dropped continuously (Fig.
S7 in Supporting information). On the contrary, mice in the T2DM
group exhibited continued weight losses, sluggish movements, and
yellowish and dull dorsal fur. After the completion of the exper-
iment, mice in the BBR group presented blood glucose levels 1.5
times those of mice in the CY3-Lip group, with their blood glu-
cose levels not significantly different from those of mice in the
Met-group. In addition, the CY1-Lip and CY3-Lip groups showed
reduced levels of FINS and homeostatic model for assessment of
insulin resistance (HOMA-IR) in Fig. 3A, and significantly improved
insulin resistance in mice compared to the BBR group. The results
of the oral glucose tolerance test (OGTT) test in Fig. 3B and Fig.
S8 (Supporting information) show that after oral administration of
2 g/kg glucose, blood glucose levels of mice in all groups rapidly
increased within 0.5h and decreased after another 0.5h, reflect-
ing the glucose absorption and metabolism processes of organs.
The blood glucose of mice in the T2DM group dropped slowly af-
ter reaching its peak values, but still kept at a high level within
2h, indicating seriously impaired glucose tolerance of mice. Mice
in all treatment groups present faster blood glucose recovery rates
than mice in the T2DM group. Among them, CY1-Lip and CY3-Lip
groups presented better therapeutic effects than the BBR group,
showing no significantly different effects from those effects of mice
in the Met-group, effectively improving impaired glucose tolerance
in diabetic mice. The ability of CY1-Lip and CY3-Lip to improve
damaged liver, kidney, and pancreatic tissues was further investi-
gated (Fig. 3C). Slight cell-nucleus pyknosis and necrosis occurred
among hepatocytes of mice in the T2DM group, with obvious cyto-
plasmic lipid droplets observed. In the Met-group and BBR group,
there are still small amounts of cytoplasmic lipid droplets present
in the hepatocytes of mice. Conversely, the treated groups of CY1-
Lip and CY3-Lip showed presented similar hepatocyte morphology
to that of mice in the control group, with relatively regular cell ar-
rangement and no obvious cell-nucleus pyknosis and cytoplasmic
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Fig. 3. Evaluation of hypoglycemic efficacy of CY1-Lip and CY3-Lip. (A) FINS and
HOMA-IR in normal and diabetic mice after oral administration of CY1-Lip, CY3-Lip
and BBR. Saline was used for the control and T2DM group. (B) OGTT blood glucose
curve in different group. The data were expressed as mean + SD (n=6). *P <0.05,
**P <0.01, ***P < 0.001, compared with T2DM group. (C) H&E staining of liver, kid-
ney and pancreatic tissue in each group of mice after treatment. Scale bar: 50 pm.
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lipid droplets. Meanwhile, it has been observed that renal tubules
and glomeruli of mice in the T2DM group presented incomplete
morphology and blurred contours, with thickened mesangial ma-
trix and basement membranes. In contrast, mice in the Met, CY1-
Lip, and CY3-Lip groups presented clear contours of renal tubules
and glomeruli with normal structures. In addition, severe pancre-
atic lesions were observed among mice in the model group. From
images, it can be seen that areas of pancreatic islets significantly
decrease, and islet cells are irregularly arranged. Also, partial cell
necrosis and wrinkled islet morphology can be observed, with in-
creased boundary division between islet cells and pancreatic aci-
nar cells. Compared with mice in the model group, mice in the
Met-and BBR groups presented improved islet structures, but de-
creased islet areas or increased boundary division between islet
cells and pancreatic acinar cells could still be observed. The CY1-
Lip and CY3-Lip groups, on the other hand, effectively improved
the morphology of pancreatic lesions and pancreatic islets, with
uniform cell sizes and regular cell arrangements. At the same time,
decreased islet areas were effectively improved among these mice,
with similar islet areas to those of normal mice.

A preliminary study on the in vitro hypoglycemic mechanism
shows that after 1h of co-incubation with «-glucosidase, starch
solution of the control group produced more glucose after hydrol-
ysis, followed by CY1 and BBR group (Fig. 4A). As shown in Fig.
S9A (Supporting information), acarbose (Acar) has the strongest
inhibitory effect on «-glucosidase under the same concentration.
CY1 and CY3 also show relatively good inhibitory effects on «-
glucosidase, with the inhibitory rate of CY3 being 1.5 times that
of BBR. In vivo experimental results show that fasting mice in
the control group present greater increased levels of blood glu-
cose than other treatment groups after oral administration of glu-
cose (15mg/kg), and CY1-Lip, CY3-Lip, and BBR present similar
hypoglycemic effects to that of acarbose (Fig. 4B and Fig. S9B in
Supporting information). This indicates that the structurally mod-
ified BBR derivatives CY1 and CY3 present similar in vivo and in
vitro inhibitory effects on «-glucosidase activity, thereby control-
ling blood glucose levels of diabetic mice. In addition, as shown in
Fig. 4C and Fig. S10A (Supporting information), Met, BBR, CY1-Lip,
and CY3-Lip increased AMP-dependent protein kinase (AMPK) and
phosphorylation levels in the livers of diabetic mice. CY1-Lip and
CY3-Lip showed a significant increase in AMPK activity, which was
1.9 and 1.8 times higher than in the BBR group, respectively. This
suggests that CY1-Lip and CY3-Lip can inhibit hepatic fat deposi-
tion and improve hepatic insulin sensitivity and insulin resistance
by enhancing hepatic AMPK activity. Moreover, the study of drug
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Fig. 4. Glucose-lowering mechanisms of CY1-Lip and CY3-Lip in type 2 diabetes.
(A) In vitro and (B) in vivo a-glucosidase inhibitory effects of CY1, CY3, BBR, and
acarbose group. (C) The expression levels of AMPK and p-AMPK proteins in liver
tissue for the Western blot (WB) protein band images. (D) The expression levels of
PTeN and cleaved caspase-3 proteins in pancreatic tissue for the WB protein band
images. The data were expressed as mean + SD (n=3). ***P <0.001.
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repairing capacities on impaired pancreatic islets shows that CY1-
Lip and CY3-Lip present the strongest negative regulation capac-
ities on phosphatase and tensin homolog (PTeN) and activated
caspase-3 level, thus reducing islet damage and restoring islet
functions (Fig. 4D and Fig. S10B in Supporting information).

On this basis, in vivo antibacterial effectiveness was further
studied using the infection models of MRSA, C. neoformans, C. al-
bicans. All results were obtained in Fig. 5A shows the test re-
sults for infected and uninfected samples. Quantitative analysis
in Fig. 5B showed that mice treated with CY1-Lip and CY3-Lip
showed a reduction in lung MRSA levels of 1.3 and 1.2 orders of
magnitude, respectively, compared to untreated mice. In contrast,
mice in the BBR group exhibit the weakest inhibitory effects on
their lung MRSA levels, with no differences from those effects pre-
sented by mice not treated. This indicates that CY1-Lip and CY3-
Lip have strong in vivo antibacterial effects, which can be used
to cure lung infections induced by MRSA effectively. Lung C. ne-
oformans bacterial load and kidney C. albicans load quantification
were performed in Figs. 5C and D, respectively. Compared to un-
treated mice, the C. neoformans load in the lungs of mice infected
with CY1-Lip and CY3-Lip decreased by 1.4 and 1.9 orders of mag-
nitude, respectively, while the BBR group showed a reduction of
0.4 orders of magnitude in the lungs. In terms of C. albicans, BBR
presented the poorest therapeutic effect, with loads in the kidneys
of mice in the BBR group reduced by only 0.2 orders of magni-
tude. Meanwhile, the levels of C. albicans in the kidneys of mice in
the CY1-Lip and CY3-Lip groups were reduced by 1 and 1.3 orders
of magnitude, respectively, and the efficacy was significantly bet-
ter than that of BBR. These results indicated that fungal treatment
of in vivo infection afforded good therapeutic outcome by CY1-
Lip and CY3-Lip. Minimum eradication concentrations of CY1, CY3,
vancomycin, and BBR on MRSA biofilms individually were exam-
ined in Table S4 (Supporting information). The minimum biofilm
eradication concentration (MBEC) values were 4 ng/mL for CY1 and
CY3, revealed a higher biofilm inhibitory activity on the forma-
tion of MRSA biofilms. Furthermore, the inhibitory capacities of all
drugs on MRSA biofilms were evaluated in this study. As shown in
Fig. 5E, under an MIC concentration, inhibitory rates of CY1 and
CY3 on biofilms reached a value above 50%. Meanwhile, under a
concentration of over 2MIC, biofilms were almost completely elim-
inated, presenting significantly different inhibitory performances
on MRSA biofilms among mice in the drug and control groups. On
the contrary, under a concentration of 4MIC, the inhibitory rate of
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BBR on biofilms reached a level of only around 50%, indicating sig-
nificantly stronger inhibitory capacities of CY1 and CY3 on MRSA
biofilms than that of BBR.

A T2DM complication model with MRSA lung infection was
established to further reveal the in vivo therapeutic effects and
mechanisms (Fig. 6A). MRSA-infected mice in all groups pre-
sented a decreasing trend in body weight, with mice in the
T2DM&MRSA group, consecutively followed by mice in the Met,
BBR, CY1-Lip, and CY3-Lip groups, presented the fastest losses of
body weights. In addition, blood glucose levels in the mice de-
creased continuously after administration, with the CY1-Lip and
CY3-Lip groups showing significantly lower fasting glucose levels
than the T2DM&MRSA group (Fig. S11 in Supporting information).
Serum insulin levels and insulin resistance indexes of mice with
T2DM&MRSA group were significantly higher than those of mice in
the control group, indicating severe insulin resistance among these
mice. After a period of 30-day continuous drug administration,
compared with mice in the BBR and Met-groups, mice in the CY1-
Lip and CY3-Lip groups presented significantly reduced serum in-
sulin levels and insulin resistance indexes in Fig. 6B, effectively im-
proving insulin resistance in the model group mice and increasing
the sensitivity of the body tissues to insulin. The lung colony loads
in Figs. 6C and D shown that mice in the T2DM&MRSA group pre-
sented the highest loads of lung bacteria, with an MRSA load value
of (4.4240.20) Logyo colony-forming units (CFU)/g tissue. Mice in
all drug administration groups showed some certain reduced lev-
els of lung colony loads, with an MRSA load value of (3.96 +0.15)
Logqo CFU/g tissue among mice in the Met-group, representing an
approximate decrease of 0.5 orders of magnitude compared with
the load value among mice in the untreated group. The reason lies
in that in vivo high glucose environments can promote the growth
of MRSA, while Met-can inhibit the rapid proliferation of MRSA by
lowering levels of blood glucose. Mice in the BBR group exhibited
an MRSA load value of (3.49+0.14) Log;y CFU/g tissue, with bet-
ter efficacy than the Met-group, indicating that BBR has certain
antibacterial effects in addition to the good hypoglycemic effect.
CY1-Lip and CY3-Lip showed significantly better efficacy than Met-
and BBR, with CY3-Lip reducing lung colony numbers in mice by
about three orders of magnitude. These results indicate that with a
strong in vivo antibacterial effect, CY3-Lip can be used to cure lung
infections of diabetic mice induced by MRSA effectively.

In addition, hematoxylin-eosin staining (H&E) staining of lung
tissue slices further confirmed the above observations (Fig. 6E). The
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lung cells from the disease model group of mice experienced ex-
tensive necrosis, which were irregularly distributed. And conges-
tion was observed in some of the pulmonary alveoli and bronchi,
and significant infiltration of a large number of inflammatory cells
throughout the lung tissue. Lung sections of mice in the Met-group
presented almost the same results as those of mice in the model
group, indicating that Met-has hardly any therapeutic effect on
lung infections of diabetic mice. Compared with mice in the Met-
and BBR groups, mice treated with CY1-Lip and CY3-Lip interven-
tions presented significantly improved pathological conditions of
lungs, with reduced expansion of their pulmonary alveoli and lung
cells uniformly arranged, as well as significantly improved infiltra-
tion of inflammatory cells. Taken together, CY1-Lip and CY3-Lip can
be used to cure MRSA-induced diabetic complications with lung
infections. In particular, CY3-Lip can be used to improve lung tis-
sue lesions and cell necrosis of diabetic mice with lung infections
significantly.

We further analyzed the alterations of the lung microenviron-
ment in CY3-Lip-treated mice as well as the mechanisms by which
CY3-Lip induces pulmonary immunoregulation. Macrophages are
key immune cells playing a crucial immunosuppressive role in the
inflammatory microenvironment [26,27]. As shown in Fig. 6F, in
vivo microenvironments of diabetic mice are conducive to high
infiltration of M1 macrophages in their lungs, while mice in the
CY3-Lip group present significantly reduced expression levels of
M1 macrophages. Compared with mice in the TZ2DM&MRSA group,
mice treated with CY3-Lip presented significantly reduced secre-
tion levels of pro-inflammatory cytokines necrosis factor-oc (TNF-o)
and interleukin-6 (IL-6), thus reducing sustained and serious infec-
tions. Flow cytometry was used to verify changes in M1-subtyp e

macrophages in the lung tissues of mice after CY3-Lip interven-
tion in Fig. 6G. The results show that mice in the T2DM&MRSA
group presented a much higher proportion of M1 macrophages
(Q1: 77.9%) than that of mice in the BBR group (Q1: 55.0%), while
the M1 macrophage proportion of lung tissues of mice treated with
CY3-Lip decreased to a value of 35.6. These results show that CY3-
Lip has an immunomodulatory capacity to reduce the polarization
of macrophages towards the M1 phenotype.

In summary, we synthesized a series of derivatives of BBR
in this study. Among them, compounds CY1 and CY3 that were
screened out can retain the excellent hypoglycemic activity of BBR
and present stronger inhibitory activities against MRSA, with an
MIC value of 0.25pg/mL. On the basis of these two compounds,
oral liposomes CY1-Lip and CY3-Lip were prepared, and in vivo
therapeutic efficacy and mechanisms on type-2 diabetes and type-
2 diabetic complications with MRSA lung infections were further
investigated. The study results show that compared with BBR, CY1-
Lip and CY3-Lip can better give full play to their multi-target ef-
fects, significantly improving impaired glucose tolerance of dia-
betic mice. Moreover, these two liposomes can significantly reduce
MRSA loads in the lungs of mice and present stable antibacterial
and immunomodulating functions, thus providing a new strategy
for clinical treatments of diabetic complications with infections.
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