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Renoprotective effects of berberine as adjuvant therapy for
hypertensive patients with type 2 diabetes mellitus: Evaluation
via biochemical markers and color Doppler ultrasonography
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Abstract. Diabetes and hypertension are complex and serious
diseases that may ultimately lead to renal complications.
Adequate control of blood glucose and blood pressure contrib-
utes to decreased renal risks, but may not be sufficient for
certain patients. The current study was undertaken to inves-
tigate the renoprotective effects of berberine as an adjuvant
therapy to standard hypotensive and hypoglycemic treatment
in hypertensive patients with type 2 diabetes mellitus (T2DM).
In this 2-year clinical study, 69 hypertensive patients with
T2DM, whose blood pressure and fasting plasma glucose (FPG)
were adequately controlled by hypotensive and oral hypogly-
cemic agents prior to the study, were enrolled and randomly
assigned into control (33 cases) and add-on (36 cases) groups.
Berberine was orally administrated to the patients in the
add-on group concomitantly with standard hypotensive and
hypoglycemic treatment. Baseline characteristics, including
the levels of FPG, glycated hemoglobin, systolic blood pres-
sure, diastolic blood pressure, serum creatinine, urinary
albumin-to-creatine ratio (UACR), urinary osteopontin
and kidney injury molecule-1 (KIM-1) were determined.
Furthermore, the oxidative stress markers malondialdehyde,
urinary 8-hydroxy-2'-deoxyguanosine, superoxide dismutase,
glutathione peroxidase and total-antioxidant capacity, and
the inflammatory parameters vascular adhesion molecule-1,
C-reactive protein and high molecular weight-adiponectin were
evaluated. In addition, ultrasonographic parameters, including
peak systolic velocity, end diastolic velocity and renal arte-
rial resistance index were determined. After treatment, it was
observed that the control and add-on treatments were able to
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adequately control blood pressure and blood glucose. Patients
in the add-on group exhibited significant reductions in renal
damage biochemical markers (UACR, urinary osteopontin
and KIM-1) and improved renal hemodynamics, in addition to
reduced inflammation and oxidative stress. The present results
suggest that berberine is beneficial for hypertensive patients
with T2DM as add-on therapy to standard hypotensive and
hypoglycemic agents.

Introduction

Hypertension and diabetes are serious chronic diseases that
affect millions of individuals worldwide and increase risks of
cardiovascular events and renal failure (1). Furthermore, it is
well demonstrated that hypertension complicated with type 2
diabetes (T2DM) leads to an increased incidence of cardio-
vascular events (2,3). Therefore, it is crucial to consider the
risk of cardiovascular complications in hypertensive patients
with T2DM.

Adequate glycemic and blood pressure control are believed
to contribute to decreased risk of cardiovascular complica-
tions, including renal vascular damage. Previous clinical trials
and animal studies have indicated that angiotensin-converting
enzyme inhibitors (ACEIs) and long-acting calcium channel
blockers are beneficial for the control of blood pressure and
cardiovascular remodeling in hypertensive patients (4,5).
Furthermore, certain oral hypoglycemic drugs, such as
metformin and gliclazide, have been demonstrated to be contrib-
utory to the control of cardiovascular remodeling (6). However,
numerous patients with one or two of the conditions continue to
exhibit various cardiovascular complications, including hyper-
tensive nephropathy (HN) and diabetic nephropathy (DN),
despite possessing adequately controlled blood pressure and
blood glucose. This result may be due to the complex mecha-
nisms leading to HN and DN, which involve factors other than
high levels of blood pressure and blood glucose.

Among the most common pathological symptoms of hyper-
tension and diabetes is renal atherosclerosis, which may lead
to renal failure. Inflammation has been well demonstrated to
be crucially involved in the initiation and progression of renal
atherosclerosis (7). Simultaneously, it is generally accepted
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that hypertension and diabetes are inflammatory conditions.
Previous studies suggest that the levels certain inflammatory
factors, such as vascular cell adhesion molecule 1 (VCAM-1)
and C-reactive protein (CRP), are increased in patients with
hypertension and diabetes (8,9). Elevated inflammatory factors
are hypothesized to be involved in the pathogenesis of renal
damage, and treatments targeted at controlling these factors
have shown therapeutic effects on cardiovascular complica-
tions. Furthermore, oxidative stress serves a crucial function
in the pathogenesis of nephropathy induced by hypertension or
diabetes (10,11). Patients with hypertension or diabetes typically
exhibit elevated oxidative stress activity, thus resulting in renal
damage. Antioxidative treatment has exerted renoprotective
effects in hypertensive and diabetic subjects in previous clinical
and animal studies (10,12-15). Certain hypotensive drugs
and oral hypoglycemic drugs, such as ACEIs, angiotensin II
receptor blockers, metformin and gliclazide, exert various phar-
macological actions, with anti-inflammatory and antioxidative
effects (12,16). However, studies indicate that inflammation and
oxidative stress cannot be adequately controlled using these
medications alone (17-23). Drugs possessing anti-inflammatory
and antioxidative effects appear to be necessary for hyper-
tensive patients with T2DM who are at high risk of vascular
complications.

Berberine, a Traditional Chinese Medicine, has been reported
to have various pharmacological effects and has been used to
treat a variety of diseases, including cardiovascular disorders,
inflammatory diseases and oxidative states. Li e al (24) reported
that berberine improved pressure overload-induced cardiac
hypertrophy and dysfunction in rats. A study by Zhao et al (25)
indicated that berberine was able to improve the cardiac contrac-
tility and inhibit left ventricular remodeling in a rat model of
renovascular hypertension, established by the two-kidney,
two-clip method. Similarly, Hong er al (26) observed that
berberine was able to improve abnormal cardiac function and
prevent the development of left ventricular hypertrophy in rats.
In addition, Cheng et al (27) reported that berberine improved
endothelial function by reducing oxidative stress in humans.
Furthermore, studies have demonstrated that berberine exhibits
antioxidative and anti-inflammatory activity in diabetic subjects
and berberine has been used to manage diabetes and its various
complications (28-32). However, to the best of our knowledge,
the renoprotective effects of berberine in hypertensive patients
with T2DM remain unclear.

Certain biochemical markers, such as blood urea nitrogen,
creatinine and urinary albumin, are typically used to assess renal
dysfunction, and recently urinary osteopontin and kidney injury
molecule-1 (KIM-1) have also been used as specific biomarkers
of the early-stage renal damage (33). However, laboratory
detections primarily demonstrate functional abnormalities
of the kidneys, which indirectly reflect renal atherosclerosis.
Ultrasonographic investigation, a noninvasive diagnostic proce-
dure, is able to directly display certain characteristics of renal
atherosclerosis, which are regarded as potential indicators for
monitoring the progression of renal damage (34). Peak systolic
velocity (PSV), end diastolic velocity (EDV), mean velocity
and the acceleration time of the interlobar renal artery, as well
as the renal arterial resistance index (RI) and pulsatility index
(PI) are well documented parameters for the evaluation of renal
hemodynamics and renal function (35,36). Thus, the present
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study was undertaken to investigate the renoprotective effects
of berberine, determined via laboratory and ultrasonographic
analysis, as an add-on therapy to hypotensive and hypoglycemic
medications in hypertensive patients with T2DM, in addition
to the effects of berberine on a number of inflammatory and
oxidative parameters.

Materials and methods

Participants. A study population of 69 patients with hyper-
tension and T2DM were enrolled in the study. Patient blood
pressure and fasting plasma glucose (FPG) were adequately
controlled using hypotensive drugs and oral hypoglycemic
agents prior to the study. The inclusion criteria for the
patients were as follows: i) Systolic blood pressure (SBP)
<140 mmHg, diastolic blood pressure (DBP) <90 mmHg and
FPG <6.1 mmol/l when treated; ii) treatment prior to the study
consisted of hypotensive agents (benazepril and amlodipine)
and oral hypoglycemic drugs (metformin and gliclazide) and
had been used for >2 years; iii) urinary albumin-to-creatine
ratio (UACR), 30-200 ug/mg; and iv) age, 40-70 years. The
major exclusion criteria were as follows: i) Any type of
diabetes mellitus other than T2DM; ii) secondary hyperten-
sion; iii) any other renal diseases; iv) any one of the following
that might increase the risk of withdrawal from the study
due to the severity and complexity of the conditions: history
of myocardial infarction, stroke or coronary artery bypass
grafting within 6 months prior to consent; class III or IV heart
failure; unstable angina pectoris; other serious conditions. The
protocols used in this study were approved by the Research
Ethics Committee of Weifang People's Hospital (Weifang,
China). Written informed consent was obtained from all
patients prior to the initiation of the study.

Treatment. The 69 patients involved in this study were allo-
cated at random into control (33 cases) and add-on (36 cases)
groups. Subjects in the control group received the hypotensive
and hypoglycemic baseline treatment in order to adequately
control blood pressure and blood glucose, which consisted of
benazepril (Nuohua Pharmaceutical Co. Ltd, Beijing, China),
amlodipine (Pfizer Dalian Co., Dalian, China), metformin
(Qingdao Huanghai Pharmaceutical Co. Ltd., Qingdao, China)
and gliclazide (Beijing Wansheng Pharmaceutical Co. Ltd.,
Beijing, China), and was comparable with the background
treatment. Patients in the add-on group were orally admin-
istered berberine (Shandong Renhetang Pharmaceutical
Co., Ltd., Shandong, China) for 24 months in addition to the
baseline treatment. The dose consisted of 0.1 g berberine,
three times per day, with a 2-week no-treatment interval every
5 months. There were no statistically significant differences in
the mean doses of the drugs between the control and add-on
groups.

Assessment of blood pressure and blood glucose. Blood pres-
sure was measured between 8:00 and 9:00 a.m. by the same
investigator. FPG and glycated hemoglobin (HbA,.) levels
were detected after a 12-h overnight fast.

Assessment of biochemical markers of renal damage.
Concentrations of creatinine in freshly collected blood and
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urine samples were detected using an automatic biochem-
istry analyzer (Hitachi 7600; Hitachi, Tokyo, Japan). Urinary
albumin was measured using chemiluminescence analysis
(Fujirebio Diagnostics, Inc., Tokyo, Japan). Levels of urinary
osteopontin and KIM-1, specific biomarkers of the early-stage
renal damage, were measured using commercially available
ELISA Kkits according to the instructions provided by the manu-
facturer (Wuhan Boster Biological Technology Ltd., Wuhan,
China). Briefly, 100 ul standards or sample were added per
well and incubated for 2 h at 37°C with wells covered by the
adhesive strip. Liquid was removed from the wells and 100 ul
biotin-conjugated monoclonal primary antibody solution (mouse
anti-human, 1:100) was added to each well and incubated for
1 h at 37°C. Next, 100 ul avidin-peroxidase complex was added,
after the wells had been washed, and the plate was incubated
for 30 min. Then, 3,3',5,5'-tetramethylbenzidine solution was
added, the plate was maintained in the dark for 15 min, and then
50 pl stop solution was added to each well. Optical density at
450 nm was determined immediately, using a SpectraMax M5
microplate reader (Molecular Devices, Sunnyvale, CA, USA),
and the concentrations of the markers were calculated.

Assessment of oxidative stress. Antioxidative parameters,
including superoxide dismutase (SOD), glutathione peroxidase
(GSH-Px) and total-antioxidant capacity (T-AOC), and the oxida-
tive parameter malondialdehyde (MDA) in serum were evaluated
using commercially available kits, in strict accordance with the
manufacturer's instructions (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China) as previously described (37,38). The
levels of urinary 8-hydroxy-deoxyguanosine (U-8-OHdG), a
novel oxidative stress marker, were evaluated using an ELISA
assay (Bioss Biosynthesis Biotechnology Co., Ltd., Beijing,
China) according to the manufacturer's instructions.

Assessment of inflammatory parameters. Inflammation serves
a crucial function in the pathogenesis of HN and DN; therefore,
the levels of inflammatory parameters were measured. Serum
VCAM-1 was measured by ELISA (Bender MedSystems
GmbH, eBioscience Corporation, San Diego, CA, USA).
CRP was quantified using an automatic biochemical analyzer
(Bio-Rad Laboratories, Inc., Benicia, CA, USA). Serum
high-molecular-weight adiponectin (HMW-APN) levels were
investigated using a chemiluminescent enzyme immunoassay
(Fujirebio Diagnostics, Inc.).

Ultrasonographic measurements. Ultrasonographic measure-
ments were performed by the same three investigators who had
been well trained prior to the study, as previously reported (36).
Ultrasonography was used to measure the PSV and EDV of
the interlobar renal artery, in addition to the maximal width,
depth and length of the kidney. The renal arterial RI was
calculated as [(PSV-EDV)/PSV] (39). The results from three
measurements obtained from three separate vessels were aver-
aged. Renal volume was calculated as one-half the product of
the three dimensions of the kidney.

Statistical analysis. All analyses of the outcomes were
conducted under the intention-to-treat principle. All data
were analyzed using SPSS software, version 16.0 (SPSS,
Inc., Chicago, IL, USA). Quantitative data are expressed as
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the mean + standard deviation, intergroup differences were
evaluated by unpaired t-test. Qualitative data analyses were
conducted using the ¥’ test. P<0.05 was considered to indicate
a statistically significant result.

Results

Baseline characteristics of the patients. A study population of
69 patients with hypertension and T2DM were enrolled, and
allocated at random into control and add-on groups. Baseline
characteristics of the patients are presented in Table I. No
significant differences in the baseline characteristics were
observed between the two groups at the initiation of the study
(P>0.05), which indicated that the two groups were compa-
rable. No patients withdrew from the study throughout the
study period.

Blood pressure and blood glucose control. In order to inves-
tigate whether the add-on treatment was able to adequately
control blood pressure, SBP and DBP were measured at the
initiation of the study and following treatment. Patients in the
add-on group exhibited a SBP of 120+11 mmHg and a DBP
of 81+8 mmHg, which are similar to the values of patients
in the control group (121+14 and 83+7 mmHg, respectively;
P>0.05) at the start of the study. After the 2-year treatment,
no marked differences were detected in SBP (125+14 and
127+15 mmHg, respectively; P>0.05) and DBP (83+9 and
86+6 mmHg, respectively; P>0.05) between the add-on and
control groups. Furthermore, levels of FPG and HbA . were
comparable between the two groups prior to and following
the 2-year treatment (P>0.05). These results suggest that both
treatments were able to adequately control the blood pressure
and the blood glucose of the patients (Table II).

Effects on biomarkers of renal damage. After 2 years of treat-
ment, no marked differences were detected in the change of
serum creatinine levels during the study between the add-on
and control groups (-1.05 mmol/l vs. +2.02 mmol/l, respec-
tively; P>0.05). However, a significant reduction in UACR was
observed in the add-on group compared with the control group
(-9.96 vs. +21.86 ug/mg; P<0.05). Levels of urinary osteopontin
and KIM-1, which are specific biomarkers of early-stage renal
damage, were investigated. The results show a marked reduc-
tion in the levels of osteopontin and KIM-1 in the add-on group
compared with the control group (-93.19 vs. 456.02 pg/ml and
-40.79 vs. +31.62 pg/ml, respectively; P<0.05). The data indicate
that renal function significantly improved in the add-on group
compared with the control group (Table III).

Effects on oxidative stress. Oxidative stress is crucially
involved in the pathogenesis of HN and DN. Results relating
to the evaluation of serum oxidative stress are presented in
Table IV. Significant reductions in MDA and U-8-OHdG
values occurred in the add-on group compared with the
control group (MDA, -2.68 vs. +1.06 nmmol/ml; U-8-OHdG,
-2.89 vs. +1.47 ng/mg creatinine, respectively; P<0.05). By
contrast, the levels of SOD, GSH-Px and T-AOC increased
significantly in the add-on group compared with the control
group (SOD, +19.13 vs. -5.53 U/ml; GSH-Px, +35.17 vs.
-1.8 U/l; T-AOC, +0.38 vs. -0.26 U/ml; respectively; P<0.05).
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Table I. Baseline characteristics of the patients.

Characteristics Control group Add-on group
Patients (n) 33 39

Age (years) 53.06+10.36 55.31+11.79
Male (n) 16 19
Weight (kg) 65.35£15.36 63.57+12.63
Body mass index (kg/m?) 24.10+4.36 24.5+4 01
FPG (mmol/l) 5.85+1.16 591+1.24
HbA,, (%) 6.72+1.15 6.65+£1.01
SBP (mmHg) 121+14 120+11
DBP (mmHg) 837 818
UACR (ug/mg) 65.18+8.52 63.33+8.17
Serum creatinine (mmol/l) 52.13+7.30 51.50+7.05
Urinary osteopontin (pg/ml) 829.75+103.12 838.41+130.08
Urinary KIM-1 (pg/ml) 298.14+12.64 295.08+10.11
SOD (U/ml) 56.16+8.21 57.54+8.90
GSH-Px (U/1) 136.6+16.1 139.2+15.7
T-AOC (U/ml) 2.06+0.35 2.10+£0.37
MDA (nmmol/ml) 9.03£1.25 9.32+1.06
U-8-OHdG (ng/mg creatinine) 11.12+1.25 11.25+£1.39
VCAM-1 (ng/ml) 682.36+55.14 693.63+61.57
CRP (mg/1) 1.95+0.35 1.93+0.29
HMW-APN (mg/ml) 5.01+£0.89 5.14£1.06
Peak systolic velocity (cm/sec) 22.53+3.10 23.10£3.51
Minimal diastolic velocity (cm/sec) 8.61+1.23 8.93+1.21
RI 0.71+£0.04 0.70+0.03

Renal volume (cm?)

120.10+18.35

119.04+16.17

Unless otherwise indicated, data are expressed as the mean + standard deviation. FPG, fasting plasma glucose; HbA ., glycated hemoglobin;
SBP, systolic blood pressure; DBP, diastolic blood pressure; UACR, urine albumin-to-creatine ratio; KIM-1, kidney injury molecule-1; SOD,
superoxide dismutase; GSH-Px, glutathione peroxidase; T-AOC, total-antioxidant capacity; MDA, malondialdehyde; U-8-OHdG, urinary
8-hydroxy-2'-deoxyguanosine; VCAM-1, vascular adhesion molecule-1; CRP, C-reactive protein; HMW-APN, high molecular weight adipo-
nectin; RI, renal arterial resistance index.

Table II. Levels of blood pressure and blood glucose of the patients before and after treatment.

Control group Add-on group
Parameter Year O Year 2 Year 0 Year 2
FPG (mmol/l) 5.85+1.16 6.03+1.31 591+1.24 599+1.17
HbA,, (%) 6.72+1.15 6.91+1.37 6.65+1.01 6.51£1.09
SBP (mmHg) 121+14 127+15 120+11 125+14
DBP (mmHg) 83+7 86+6 81+8 83+9

Data are expressed as the mean + standard deviation. FPG, fasting plasma glucose; HbA ., glycated hemoglobin; SBP, systolic blood pressure
DBP, diastolic blood pressure.

These results indicate that the add-on treatment significantly = damage. The results reveal more marked reductions in
inhibited oxidative stress in patients (Table I'V). the levels of serum VCAM-1 and CRP, in addition to more

notable elevations in serum HMW-APN levels in the add-on
Effects on inflammatory parameters. VCAM-1, CRP and  group compared with the control group (VCAM-1, -156.34 vs.
HMW-APN are hypothesized to be associated with renal  +49.36 ng/ml; CRP, -0.35 vs. +0.27 mg/l; HMW-APN, +1.58
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Table III. Renal damage parameters of the patients after treatment.
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Parameter Control group Add-on group
Serum creatinine (mmol/I) 2.02+1.67 -1.05+0.89
UACR (ug/mg) 21.86+4.03 -9.96+1.41*
Urinary osteopontin (pg/ml) 56.0249.35 -93.19+11.92¢
Urinary KIM-1 (pg/ml) 31.62+7.01 -40.79+9.30*

Changes from the baseline to the end of the study are expressed as the mean =+ standard deviation. *P<0.05 vs. the control group. UACR, urine
albumin-to-creatine ratio; KIM-1, kidney injury molecule-1.

Table I'V. Oxidative stress parameters of the patients after treatment.

Parameter Control group Add-on group
U-8-OHdG (ng/mg creatinine) 1.47+£0.21 -2.89+0.37*
MDA (nmmol/ml) 1.06+0.20 -2.68+0.45"
SOD (U/ml) -5.53+0.84 19.13+4.01*
GSH-Px (U/l) -7.80+1.02 35.17+6 41°
T-AOC (U/ml) -0.26+0.04 0.38+0.06*

Changes from the baseline to the end of the study are expressed as the mean + standard deviation. “P<0.05 vs. control group. U-8-OHdG;
urinary 8-hydroxy-2'-deoxyguanosine; MDA, malondialdehyde; SOD, superoxide dismutase; GSH-Px, glutathione peroxidase; T-AOC,
total-antioxidant capacity.

Table V. Inflammatory parameters of the patients.

Parameter Control group Add-on group
VCAM-1 (ng/ml) 49.36+8.05 -156.34+18.96"
CRP (mg/l) 0.27+£0.05 -0.35+0.07*
HMW-APN (mg/ml) -0.26+0.01 1.58+0.26

Changes from the baseline to the end of the study are expressed as the mean + standard deviation. *P<0.05 vs. the control group. VCAM-1;
vascular adhesion molecule-1; CRP, C-reactive protein; HMW-APN, high molecular weight-adiponectin.

Table VI. Ultrasonographic parameters of the interlobar renal artery.

Parameter Control group Add-on group
PSV (cm/sec) -1.27+0.18 4.15+0.62*
EDV(cm/sec) -0.84+0.11 1.83+0.30°
RI 0.01+0.004 -0.04+0.005*
Renal volume (cm?) 5.06+2.06 3.29.+1.31

Changes from the baseline to the end of the study are expressed as the mean + standard deviation. “P<0.05 vs. the control group. PSV, peak
systolic velocity; EDV, end diastolic velocity; RI, renal arterial resistance index.

vs. -0.26 mg/ml; respectively; P<0.05). These results indicate
that the add-on treatment significantly attenuates inflamma-
tory conditions in patients with HN and DN compared with
the control treatment (Table V).

Ultrasonographic measurements. The ultrasonographic
measurement revealed significant differences between the
add-on and control groups in the improvement of the PSV
(+4.15 vs. -1.27 cm/sec), the EDV (+1.83 vs. -0.84 cm/sec), and
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RI (-0.04 vs. +0.01, respectively; P<0.05). However, no marked
difference was observed in renal volume between the add-on
and control groups (+3.29 vs. +5.06 cm?; Table VI).

Discussion

The aim of the present study was to evaluate the effects of
the long-term use of berberine on renal damage as an add-on
therapy to hypotensive and hypoglycemic medications for the
treatment of hypertensive patients with T2DM. Laboratory
and ultrasonographic analysis was employed; in addition the
effects of the treatment on a number of inflammatory and
oxidative parameters were determined.

Hypertension and diabetes may ultimately lead to serious
chronic renal diseases, in which atherosclerosis of the renal
arteries is a key pathological development. Furthermore,
patients with hypertension and T2DM are particularly vulner-
able to cardiovascular disease and mortality (2,3,40). Due to
lifestyle changes and population aging, co-incidence of the
two conditions is increasing, resulting in increasing numbers
of individuals at risk of nephropathy and thus of renal failure.
Adequate regulation of blood glucose and blood pressure
contribute to a reduced renal risk, and ACElIs are regarded as
effective agents against DN. However, under certain clinical
conditions these medications are not sufficient. Consistently,
the 69 hypertensive patients with T2DM enrolled in the
current study exhibited impaired renal function (baseline
UACR, >30 ug/mg) in spite of the adequate controls of blood
pressure and blood glucose induced by hypotensive and oral
hypoglycemic drugs such as ACEIs. Therefore, comprehen-
sive therapy targeting various pathogenic factors is required.

Among the complex mechanisms leading to DN or HN,
inflammation plays a key role, and anti-inflammation manage-
ments have been demonstrated to be effective against DN and
HN (41). Increased levels of the inflammatory factors VCAM-1
and CRP are associated with the vascular complications of
diabetes and hypertension (8,9,42). Renoprotective effects
have been exhibited by treatments that decrease these inflam-
matory factors (43-46). HMW-APN, an anti-inflammatory
cytokine secreted by adipose tissue, exerts a protective effect
against cardiovascular disease (47). Low levels of HMW-APN
have been found to be associated with cardiovascular risk (48).
Previously, Kopf et al (49) reported that urinary HMW-APN
excretion may identify diabetic patients at an increased risk
of undergoing progression of kidney disease. In the current
study, the results indicated more marked reductions in the
levels of serum VCAM-1 and CRP, but significantly increased
serum HMW-APN levels in the add-on group compared
with the control group after 2 years of treatment. These data
indicate significantly improved renal function in the add-on
group compared with the control group. The present results are
consistent with previous studies that reported the anti-inflam-
matory effects of berberine (50,51). On the basis of these prior
studies, it is hypothesized that improvement of inflammatory
conditions using the add-on therapy may be beneficial for the
recovery of renal damage.

Oxidative stress is another factor that promotes the
initiation and progression of renal damage in patients with
hypertension and diabetes (10,11). Antioxidative stress treat-
ment has been suggested for such patients, and has exhibited
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beneficial effects in the subjects. In the present study, MDA
and U-8-OHdG levels were significantly reduced, while SOD,
GSH-Px and T-AOC values increased significantly in the
add-on group compared with the control group after 2 years
of treatment. These data indicate that the add-on therapy
significantly inhibited oxidative activity and promoted anti-
oxidative activity in the patients. Similarly, the antioxidative
and renoprotective effects of berberine have been reported in
previous studies (52,53). Therefore, it is hypothesized that the
suppression of oxidative stress by berberine as add-on therapy
in the current study contributed to the control of renal damage.

In addition to the evaluation of the aforementioned
inflammatory and oxidative parameters, the effects of add-on
berberine therapy on biochemical markers of renal damage
were evaluated. The changes in the serum levels of creatinine
over the 2 years of the study were not significantly different
between the two groups. However, a significant reduction in
UACR was observed in the add-on group compared with the
control group (-9.96 vs. +21.86 ug/mg), which indicated that the
add-on therapy provided improved renoprotection compared
with the control therapy. Urinary osteopontin and KIM-1 are
specific biomarkers for early-stage renal urinary damage,
and the evaluation of osteopontin and KIM-1 levels indicated
improved renoprotection in the add-on group compared with
the control group. Therefore, the results of the present analyses
indicate that the co-administration of berberine is more effec-
tive compared with the control therapy alone.

However, these laboratory parameters primarily demon-
strate functional abnormalities in the patients, which indirectly
reflect the renal atherosclerosis. Ultrasonographic analysis
has been used to provide more direct information about the
characteristics of renal atherosclerosis, and the data obtained
are hypothesized to be potential indicators of the progres-
sion of renal damage (34-36). In the current study, Doppler
ultrasonography was used to evaluate the effects of the add-on
therapy. The analysis indicated significant differences in
improvement of the PSV (+4.15 vs. -1.27 cm/sec), the EDV
(+1.83 vs. -0.84 cm/sec) and RI (-0.04 vs. +0.01, respectively)
between the add-on and control groups. No marked differ-
ence was observed between the change in renal volume over
the 2-year study (+3.29 vs. +5.06 cm?). The ultrasonographic
results indicate that the co-administration of berberine resulted
in improved renal hemodynamics compared with the control
therapy alone.

However, the results of the present study do not indicate
that the baseline control treatment exerted no renoprotective
effects. The less marked renoprotective effects observed in the
control group may be explained by the following: i) Subjects
had received the background treatment for years, and so its
renoprotective effects may have reached the maximum; ii) only
patients whose UACR was not adequately regulated by the
background treatment were enrolled, and primary data of the
parameters prior to the background treatment was unavailable;
therefore, it was not possible to compare the parameters before
and after the background treatment; iii) the disease progressed
with the extension of the disease course.

Collectively, the baseline therapy and the co-adminis-
tration of berberine were able to adequately control blood
pressure, FPG and HbA |, levels in patients with combined
hypertension and T2DM. Despite exhibiting similar effects
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on blood pressure and blood glucose, the co-administration
of berberine as an add-on therapy appeared to provide more
effective renoprotection and renal hemodynamic improve-
ment, in addition to inhibiting inflammation and oxidative
stress in hypertensive patients with T2DM. Further studies
are required to investigate the effects of berberine in hyper-
tensive patients with T2DM that do not match the inclusion
criteria of the current study, and the effects of berberine on
other cardiovascular organs.
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