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Abstract. Diabetic nephropathy (DN) is currently a major
public health problem worldwide. The objective of the present
study was to evaluate the clinical effect of breviscapine injec-
tions in patients with DN. A meta-analysis was performed
using the following databases to obtain published reports in
any language: PubMed/MEDLINE, Embase, China National
Knowledge Infrastructure, Chinese Evidence-Based Medi-
cine, Wanfang Digital Periodicals, Chinese Academic Journals
Full-text Database, Chinese Biological and Medical Database,
China Doctoral and Masters Dissertations Full-text Database
and the Chinese Proceedings of Conference Full-text Data-
base. Two assessors independently reviewed each trial. A total
of 35 randomized controlled trials, which performed studies on
a total of 2,320 patients (1,188 in treatment groups and 1,132 in
control groups), were included in the present meta-analysis.
Data were analyzed using Stata version 11.0 for Windows. The
results from the analysis demonstrated that breviscapine injec-
tions have greater therapeutic effects in patients with DN in
comparison with the control group, including renal protective
effects (reducing urine protein, serum creatinine and blood
urea nitrogen) and adjustment for dyslipidemia (affecting
levels of cholesterol, triglycerides and high density lipopro-
teins). These effects indicate that breviscapine injections are
beneficial to patients with DN. Further studies are required to
determine the mechanisms underlying the therapeutic effects
of breviscapine.

Introduction

Diabetic nephropathy (DN) is a progressive disease with an
increasing prevalence in developed and developing countries,
and has a significant impact on morbidity and mortality
from chronic kidney disease (CKD), end-stage renal disease
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(ESRD) and cardiovascular disease (1-3). Although significant
progress has been made in understanding the pathogenesis of
DN, the current treatments for diabetic kidney disease only
provide partial therapeutic effects; more effective therapies for
DN are required (4).

Erigeron breviscapus (Vant.) Hand.-Mazz. is a native plant
species of Yunnan, China. Breviscapine, as a purified flavonoid
extract from this species, was first isolated by Zhang et al (5).
Breviscapine primarily contains two flavonoids, namely scutel-
larin and apigenin-7-O-f3-glucoside. Scutellarin accounts for
~90% of the extract; apigenin-7-O-f3-glucoside accounts for
~4% (6).

Breviscapine has a broad range of pharmacological effects,
including dilation of micro-blood vessels, reduction of blood
viscosity and improvement of the microcirculation; it also
has an anti-platelet, anti-thrombotic action and can decrease
plasma fibrin content and promote fibrinolytic activity (7,8).
Since the 1970s, breviscapine injections have been extensively
used in China for the treatment of ischemic cardiovascular and
cerebrovascular diseases, such as angina pectoris, myocardial
infarction and focal cerebral infarction (9,10).

Breviscapine has been demonstrated to possess a number
of pharmacological functions in addition to its hemodynamic
effects; it has been reported to serve as an anti-oxidative stress
agent and a protein kinase C (PKC) inhibitor, and can improve
renal function and reduce urinary micro-albuminuria,
suggesting that this drug has great therapeutic potential for the
treatment of DN (11,12). Although a number of clinical trials
have investigated the renal protection provided by breviscapine
in DN, uncertainties remain regarding the efficacy of brevis-
capine. This is primarily a result of the lack of high-quality,
large-sample randomized clinical trials. The purpose of the
present study was to systematically review randomized control
trials (RCTs) and explore the effect of breviscapine in DN.

Materials and methods

Study design. All the RCTs that were identified to investigate
the effect of breviscapine on DN were included. There was no
restriction on the language or year of publication.

Subject criteria. Each patient included in the analysis fulfilled
the definition of diabetic mellitus (13,14). Patients with DN
in stages III-IV according to the DN diagnostic criteria of
Mogensen et al (15) were included in the study. Patients with
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chronic diseases [chronic liver disease, chronic respiratory
disease, heart failure, cerebrovascular disease, malignant
tumors, serious hypertension, autoimmune disease, acute
diabetic complications (for example, diabetic ketoacidosis),
hyperglycemic hyperosmolar status], infectious diseases,
organ transplants or a recent history of the application of
nephrotoxic drugs, were excluded from the study.

Data extraction and appraisal of methodological quality.
A standard data extraction method was performed indepen-
dently by two authors, and the following information from
each eligible study was recorded: Study design, participant
characteristics [age, gender, history of diabetes mellitus (DM),
number of patients in the breviscapine group and the control
group], therapeutic intervention [basic treatment including
diet control, the control of blood glucose, antihyperlipidemics,
antihypertensives, angiotensin-converting enzyme inhibitor
(ACEI) and angiotensin receptor blocker (ARB), and treat-
ment duration]. Whether these parameters were comparable
between the breviscapine treatment group and the control
group was assessed.

An intravenous drip of breviscapine was administered to
the patients in the treatment group. The commercial injec-
tion fluid (sourced from numerous companies across these
studies) was produced from extracted flavonoids of Erigeron
breviscapus (Vant) Hand.-Mazz., and was manufactured in
accordance with the quality standards of the Chinese State
Drug Administration. Each patient in the treatment groups
received the same type of injection using the same standards;
the dosage ranged from 20 to 100 mg/day, and the studies had
a treatment duration of between 2 weeks and 1 month.

Therapeutic effect criteria included 24-h urine protein
levels, urinary albumin excretion rate, renal function [serum
creatinine (SCr) and blood urea nitrogen (BUN) levels], and
levels of cholesterol, triglycerides, high density lipoproteins
(HDL) and fibrinogen.

Search strategy. A systematic literature search was performed
to identify studies concerning the treatment of patients with
DN using breviscapine. MEDLINE/PubMed, Embase, the
China National Knowledge Infrastructure (CNKI) Data-
base, Chinese Evidence-Based Medicine Database (CEBM),
Wanfang Digital Periodicals Database (WFDP), Chinese
Journal Full-text Database (CJFD), Chinese Biological and
Medical Database (CBM), China Doctoral and Masters Disser-
tations Full-text Database and the Chinese Proceedings of
Conference Full-text Database were searched. Reference lists
from the relevant studies were examined to identify further
studies and previous reviews of the field. Articles citing the
aforementioned studies were examined to identify additional
relevant studies.

Assessment methodology. All articles that were identified in the
database search were screened by two authors independently,
and disagreements were resolved by consensus. Missing data
from trials were obtained from the principal investigators of
the relevant studies, if possible. The studies were graded for
methodological quality according to the Jadad scale (16). A
study was considered high quality if graded with =3 scores on
the Jadad scale.
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Statistical analysis. A meta-analysis was conducted using
Stata version 11.0 for Windows (StataCorp LP, College Station,
TX, USA). The principal measure of effect was the weighted
mean difference (WMD) between the breviscapine and control
groups, and the standardized mean difference (SMD) was used
when analyzing 24-h urine protein as this is a continuous vari-
able with large differences in mean. The confidence interval
(CI) was 95%, as the outcome measurements were the same
for each analysis. Heterogeneity was assessed using a y* test
(P<0.1 was considered to indicate a statistically significant
difference) and an I? test (I>>50%, significant heterogeneity;
1°<25%, insignificant heterogeneity). Begg's test was used to
assess publication bias.

Results

Study characteristics. A total of 126 publications were
initially identified; 64 were excluded as they were not relevant
to the study question. A total of 62 clinical trials were retrieved
for detailed evaluation. Of these, 28 were excluded for the
following reasons: No measurement data (n=5), absence of
a control group for comparison with the breviscapine group
(n=1), patients were at clinical stage V of DN (n=2), supple-
menting the breviscapine treatment with other, similar drugs
(n=11), breviscapine was administered as a control drug
(n=5), oral administration (n=1) and duplicate publication
(n=2). Thus, 34 studies comprising 34 RCTs were eligible for
inclusion in the present analysis (11,17-50) These 34 RCTs are
summarized in Tables I-III. A total of 2,260 patients were
included (1,158 patients in treatment group and 1,102 patients
in the control group). Each study was performed in China and
all of the patients involved were Chinese.

24-h urine protein. A total of 25 clinical trials evaluated
the 24-h urine protein in patients treated with breviscapine
(n=858) and the control group (n=836). Fig. 1 presents a forest
plot for the outcome measurements (SMD, -1.42; 95% CI, -1.83
to -1.02). In comparison with the control group, breviscapine
significantly reduced 24-h urine protein in patients with DN
(P<0.001).

Urinary albumin excretion rate. A total of 9 clinical trials
evaluated the urinary albumin excretion rate in patients
treated with breviscapine (n=291) and the control group
(n=264). Fig. 2 presents a forest plot for the outcome measure-
ments (WMD, -23.16; 95% CI, -37.20 to -9.12). In comparison
with the control group, breviscapine significantly reduced the
urinary albumin excretion rate in patients with DN (P<0.001).

SCr expression levels. A total of 21 clinical trials evaluated the
expression level of SCr in patients treated with breviscapine
(n=711) and the control group (n=689). Fig. 3 presents a forest
plot for the outcome measurements (WMD, -12.50; 95%
CI, -18.16 to -6.84). In comparison with the control group,
breviscapine significantly reduced the expression level of SCr
in patients with DN (P<0.001).

BUN expression levels. A total of 16 clinical trials evaluated
the expression level of BUN in patients treated with brevis-
capine (n=594) and the control group (n=572). Fig. 4 presents



1385

EXPERIMENTAL AND THERAPEUTIC MEDICINE 12: 1383-1397, 2016

PUBLICATIONS

1z SPANDIDOS

€S’ TIF00'8L 0S'8T¥00'S8 e (&) gF01 9¥99 WD
(1¢) 8L 6IFEL 16 01°STF00 101 N N SYooM 1 e-pQ "dup "ATSw 06 1L, (&) s¥01 S¥99 €T L I LOOT ‘NI
TIETF8Y €L 98 VIFLY VL 98 0FLO'S 86'0FIT'S e K) 16¥89 I'8¥6'SS 0€ D
(0¢) S TIFR9 €L CTSIFHISL Y9 IF10°S 9L T¥86't SYPIM T e-pQ "dup ‘AT SW of 1L K SHFI°L ¥ LFE8S 0¢ L 111 1707 ‘M
YT 88F89°961  LI'TOIFOY 6£C SS'1F96'6 9 IFHO 11 q-:D N 9L-Tt or D
(62) 61'LLFESTOT 0T L8FST€ST 0S'TF60°9 P8 TFICTI sYPam ¢ q-pQ “dup AT 3w 00T L N 6LTh 9¢:L Al 800C ‘NX
8G'STFSH 06 8L V1¥68 68 CCIFIYS 6T 1F6€'8 n-:) &) 19F+'8 €' 8FE 66 2e)
(82) 1T9IFL1' 88 8 SIFEY'16 8T 178 TC1F8Y'8 sKep G n-pQ) “dup "A'1 Sw (6 I, ) L'6¥9'8 1'6%L'8S 7€ 1L 11 110T ‘0]
€8'6¥6L96 80'TTFIT 96 61 TF68°9 TEIFIOL e 6T D
98 6FSH' 76 1€ 0IFCS ¥6 L8 0F8Y'S 8SIFIC L SYPM ¢ e-pQ "dup AT 3w ¢ 11, 0¢ L 111
(L2 %) g-¢ (¢S ueaw) 6o-1y 110 ‘Suoyz
8 6VFC 01T ["€TIFI 68T COFSTI TEFLYI e e}
¥'99F1°0CT ¥'9STF6'01¢€ 0'6FC 01 ['OIF191 SYoIMm e-pQ “dup ‘A1 3w f 11, S L Al
90 N 06'8FST'T9 600T ‘0eI)
SE'8FCLOTI 6L 6FSE LET 9T TFLT 6 86'TFE €T ) (A SOTF69C T OTFLITH 86D
(s P6'9FSO'LIT CTOIFIY 6€1 69 TF9L'L TOEFSHEl SYPM ¢ e-pQ dup A1Sw gL (K) L6'0F9¢T 6 TTF9L €% 8¢S :L 111 10T ‘Sued
['02F09 081 0T 61F4S 81C SEIFH0'6 STTFEI'1I e-:D (w) £1-6 (grggueown) G/-06  9¢:D
(29) TELIFESTET 78 8IFE9' 81T LS 1F8TS P8 1F90°CI SYoIM e-pQ "dup AT 3w 6 11, (w) 81~ (CySuesw) /-8  OF:L AL 900T ‘11
SYITFSH 18 8L 61F8E 6L Y IFSH' S PEIFIES - (K oreFssy S'9FE' 69 8T
(€2 68 61F7¢ 13 TI'0TF65°S8 SETIFIY'S 9T 1F8Y'S SyooM ¢ n-pQ) “dup "A'1 SwW (9 I, &) sr¥gy ¥'8%6°99 7€ 1L I 00z ‘Suenyq
1T ETFICTET YL STFSTEST SS'TF98°6 PSTFICTI e () syTFees €F19 ¥€ D
(#9) ST STFISOL 9T TIFTE SST 9¢' 1%20'9 TETFST TI yuour | e-pQ dup A1Sw gL (K) S IFIOS TF9 9¢ L Al 600T ‘DM
SOEFT STl S6EFI0ST S9'TFE6'9 L8 TFSE6 e-:D N 89F6' 1S 6€ D
(12) I'LTF6'901 € SEFLEST TS TF60'9 TOTFCI 01 SYoIMm ¢ e-pQ "dup AT 3w 6 11, N L'SFETS 9¢ L Al 10T ‘uoys
0'STF0'98 6 EIFI'T6 1) (ueow) (£) 01 (ueow) 99 81D
(020) 0CIFO'SL 0'81F0'S8 N N SyooM § e-pQ "dup AT Sw 06 1L, (ueow) (£) g (ueawr) 49 81 :L I 110z ‘Suenyq
ST¥98 Y126 e-:D)  (uvow) (£) OF (ueow) (L 0T D
(61) TIF8L 81¥68 N N SYPIM T e-pQ dup ATSw gy, (ueow) (£) g (ueow) g9 0T 'L 111 6007 ‘Suepm
91¥68 SIF16 e (K SeF90l SEFOH9 v€ D
€38) TIFSL 8I¥68 N N SYoIMm e-pQ dup a13w sy (K) $9F001 SHFSE9 ¥e L 11 010T ‘nk
STFOYI QEFCTI q-:D €1
9¢F0CT N 9TFSL N syam g q-pO "dup aTSw OQT 1L €1 L Al
LTF6L SIFSY q-:D 1D
PIFSL N YIFrY N syam g q-pO dup aTSw OQT 1L 1L 111
Ln K 1 S L00T ‘uay)
'SJOY  UOTIUQAIUI INJY aurjaseqg UONUIAIANUL IN]Y aurjaseq uoneinp (ourdeosiaaiq) NQ Jo AI0ISTH (s1eak) 28y u Nd Jo Teok
JUAUNRAI], UONUIAINU] owﬁm ‘oyne
(1/10w#) QuIUNBAIO WNIAS (1/7owwr) uagoniu eain poorg ISI1

"N Y sjuaned ur uonouny eual uo oaurdeosiaaiq Jo 109534 :sonsLaloeIeyd Apms ‘[ 9[qeL,


https://www.spandidos-publications.com/10.3892/etm.2016.3483
https://www.spandidos-publications.com/10.3892/etm.2016.3483

LIU et al: META-ANALYSIS: EFFECT OF BREVISCAPINE ON DIABETIC NEPHROPATHY

1386

‘snoudaenul <A1 (Aep 1od 90u0 ‘pQ) ‘10300[q 103doda1 UISUSIOISUR ‘G V T0JIQIYUI QWAZUS JUNIIAUOI-UISUOISUR ‘THDV {PIsn Jou gV 10 [V ‘N ‘pauonuow
Jou YV 10 [V ‘q (pasn gV J0/pue [V ‘B {PAUOHUIW JOU ‘N YU ‘W 1edk ‘K tsmifjow sa)aqeip ‘A ‘dnois jonuoos ‘) ‘dnois juswnyean aurdessiaaiq ‘[, cAyredorydou onaqerp ‘N pafjoius roqunu juaned ‘u

0EFISI TEFLL e-:D D
SEFITI N TTFS'L N skepgr  v-pQ dup AT3wW OO 1L L Al
c€IF6L VIFLY €D 1cD
CIF9L N CIFTYy N skep G| e-pQ "dup ‘A1 3w Q[ L I2:L I
(Le) N 8CTYFI9 69 T10¢ ‘Sueny
STFOSI gex0Cl q9-:D SL:
9¢FCCI N €TFIL N Syoom ¢ Q-pQ "dup a1 5w 0] ;L SI:L Al
VIF8L SIF9v q-D €L D
€IF6L N CTIFIY N Syoom T Q-pQ "dup AT 3w Q[ L €1 L I
(9] (LG ueou)
99) (6'1 ueow) §z-¢ 9L-0€ 800T ‘ue]
€8'CIFCO L8 0¥ 81FC0 €Tl 8'TFSCI I'ex6'S1 €D &) ¢T-¢ 8L-0S 0€ D
8y 11FC8'CL 06'¥CFC0 1T 607001 8'TFEII puowt | e-pQ) "dup AT 3w op (L &) 1279 L6¥ 0¢ -L 11
(§9) (k) €76 €799 010€ ‘oe10
L9 GEFBL T YI'0SFrT TSI 9T EFVS'8 9T GFTETI €D K v's¥¢6 £€F19 or D
(23] eV 0EFLY 01 LYV FICEST 69 TFISL YI'SFCT T SYooMm e-pQ "dup ‘a1 3w (g L &) 8rF1'6 €F09 oy -L I 900¢ ‘Sueyz
SI'OIFS1°89 0T 6FST69 S6'0F9CS [TIFSES €D N STLFSI'8S 8¢ D
(€9) YI'8FYT L9 SETIFP0 69 SO IFS¥'S CIIFIES SYooMm e-pQ "dup A1 3w op ;L N 9G" 8FCI'¥S L 11 010¢ ‘Suerf
¥ SIF9°68 8 EIFI16 €D €CD
STIF0'8L S'8IF0° S8 N N Syoom ¢ e-pQ "dup AT 5w g 1L, <L I
(o) (&) vF01 §¥99 £00T ‘nI'T
'SJOY  UOTIUSAIOUI ISV aurpaseqg UOTJUSAIOUI IS}V aurpaseq uoneInp (aurdeosiaaiq) A Jo A10ISTH (s189K) 98y u NAd jo 189K
JudWRAI], UOTIUIAIU] e ‘royine
([/1owr7f) SUIUTIBAID WNIXS (1/10wta) UdZoNIU BIIN POO[g 18I

"panunuo) ‘1 9[qeL



5 9G'8TFE6'LE TLEYFLY'SS e-D) K zFTL SFS19 8T D
S (1) 68 STFET'TT 98 THFEY 98 N N skep ¢1 e-pQ "dup "AT3w (9 1, K z79L SF8'79 0¢ L I 0107 ‘T'1
€70 0F01°0 120°0%091°0 n-:n 0€ D
N N €F0 0FLLO0 TTO'0FSIT'0 SyPaM T n-pQ "dup AT 5w 09 1L, 0¢ :L 111
(or) (ueowr) (A) L9 §G9FSLE 110T ‘ueid
€20'07861°0 82008610 q-:D 81 :D
(6£) N N TTOOFHTI0 LTO'0F861°0 skep Oz q-pO "dup A1 3w Op i L N N I L 111 110T ‘Suepm
880079610 101°0F6€T°0 e-:D) D
N N €50'0F201°0 L8O 0FEST 0 sPam ¢ e-pQ dup ‘AT SW 00T iL TSIL A
(8¢) %) 0z-¢ TLoLE 000€ ‘Teyz
© LEOOFFTI0 8¥0'0F611°0 e 67D
& N N LT0'0F260°0 1SO'0FIST 0 $y2M ¢ e-pQ "dup ‘A1 3w Q¢ 11, 0€ :L 111
m (Lo (L) 8-¢ (¥§ ueawr) G9-1¢ 10T ‘Suoyz
m 0€ 0F61' [ W OFLS' I e-D) or D
« N N 0T 0%80'[ SECOFSE'T YoM § e-pQ "dup "AT3w of 11, S L Al
& (92) N 6'8¥STT9 600 ‘OBID
2 920 0FSI€0 6£0°0FS0S°0 e (HSOIF69T  THOIFLYTY 8§D
3 (S0 N N 810°0FCF1°0 1¥0'0FZ1S0 SyooM ¢ e-pO dup ATSwog L, () L60F9CT  TOETIFILEY  8S:L I 10T ‘Sueq
3 S0 079600 €70 0FEY10 n-:n &) 1'7F8SH S9FECY 8T
m (€2 050 07990'0 0b0 0F9%1°0 SYPM ¢ n-pQ "dup ‘AT 5w 09 i &) ¢zF8'y ¥'8F5'99 ve L I £00¢C ‘Suenyq
m 9¢ 0FST'[ 95 0%68' [ e (A SsyTFees €FI19 40)
@ (T N N 95'0%68°0 8Y OFSL'1 yuour | e-pQ dup Ar3w gL (K SIFIOS TF9 9¢ iL Al 600T ‘A
S L' S8F6°€ST €'8LFS90€ e 89F6' IS 6D
= (1) I'T01F$'80C 9 €6FETTE N N SyPM ¢ e-pQ "dup ‘A1 3w (¢ 11, N L'SFETS 9¢ :L Al 110T ‘udys
m L9EFLITT 0'8€F¢ SHT -1 (ueow) () 0T (ueowr) 99 QT D
Z (02) L'8EF0T8 09¢F0'0F 1 N N YoM e-pQ "dup "ATIw (6 1L (ueow) (£) 8 (ueow) 49 8T :L 111 10T ‘Sueny
= SSO'0FSLI0 LSO'0FSIT0 e (ueow) (£) 01 (ueow) 0, 07D
m 61) N N 850" 0FETI'0 ¥S0'0F01T 0 SyPM 7 e-pQ "dup "AT3w (6 11, (ueow) (£) 8 (uvowr) g9 0T :L 11 600 ‘Suepm
= €TTF0S'LY SYTFT611 SSO'0FSLI0 SSO'0F91T0 e &) ¢ €¥9°01 SEFOYY ¥€ D
& (|1) SLIFOI'EL L 1TF0E 16 950 0FST1'0 950" 0F80T°0 R EENSY e-pQ "dup ‘AT 3w (¢ 11, %) $9%0°01 SHFSE9 ve L 111 010T ‘X
m 0L 0F9¢'T q-:D )
N N £9'0%90'1 N sPam 7 q-pQO dup ATSW QT iL €1 L Al
SO'0F8I°0 q-:D [A8ie)
N N T0'0¥CI'0 N sPam g q-pO dup AT 3w Q7 1L Tl 111
Ln K z1 96 L00T ‘udy)
N UOTIUAINUI IV qurfeseq UOTUIAINUI I aurpaseq uonenp (ourdeosiaaiq) A jo (189K) 98y u N{ Jo Ieok
juouyealry, UONUIAIIU] K10)STH a3e1s ‘royne
(urw/37) 9B UONAIOXD (8) urayoid ounmn y-4g 1SI1

unnqge QUL

&z
o>
23
MU
e

‘N Y sjuaned ur urejord surm uo aurdedsiaaiq Jo 109JH :SOSLIdOeIRYD ApIS ‘I Q[qeL



https://www.spandidos-publications.com/10.3892/etm.2016.3483
https://www.spandidos-publications.com/10.3892/etm.2016.3483

LIU et al: META-ANALYSIS: EFFECT OF BREVISCAPINE ON DIABETIC NEPHROPATHY

1388

€T0'0FL61°0 620078610 q-:D ¥T:D
(L) N N TTO'0FETI0 LTO'0F861°0 sKep ¢ q-pQ "dup "A'T SW Of 1L N N ¥T L 11 S00T "ueny
WIF99'1 FEIFE0T q-:D K) gv¥FC9 8 9FT 9F ¥T 0
(9%) N N 8¢ IFSS'| 9 1F66' [ uow | q-pO "dup AT 3w OO L &) vv¥69 9970 9% YL AL €00C ‘nI'
850'0F991°0 6S0'0F891°0 n-:D (K) g 6F'8 8 €FS 96 €60
(St) N N 1¥0'0F8L0°0 850'0F691°0 skep G n-pQ) dup "A'T 5w Of 1L, (&) L'S¥9'8 9¢FSLS €L 111 800C ‘NI
LY TF80°C 9S TF¥1'T n-:n (&) e-¢ 1L-9% 0D
(1) N N 86'0FLT 1 8% 1F¥S'C SyooM § n-pQ) dup "A'T SW (6 1L (£) 0€-9 0L-S¥ 0¢ L 11 T10¢ ‘oeyz
(L)
CI'SIF81'8L LOVIFFI 98 -1y (gLueow) O (8IS UBSW) TL-0F  0S D
(K)
(¢1) I €179€°69 TTPIFS6'S8 N N skep G n-pQ ‘dup ATSw 9L (zguedw) [[-f (ST uBdW) TL-[y  0S L 111 1102 ‘11
T90FEL'T TS 0FL8'T e-:D 9¢'GIF8S 19 [45%e)
() N N 67 0FLO'T 79'0F€6'C skep 6T e-pQ "dup A TIw Q[ ‘L N CI'LIFEY 9S €L 11 $00T ‘Suem
YO 0FLI'0 q-:D i)
N N €0'0FEI0 N $oam ¢ q-pO "dup AT 3w 007 L, €l L 111
(K) (¢ LS ueaur)
9¢) (61 ueaw) 8z-¢ 9L-0¢ 800C ‘ue]
89" GEFHS 1S SY'THFIE S8 60 0F1t0 1€ 07090 e-:D &) €T-¢ 8L-0S 0€:D
(S¢) I8 CEFISTY T8 LEFITTS STOF9T0 € 0FS8'0 qyuowr | e-pQ "dup ‘AT SW Of 1L, &) 179 TL-6¥ 0¢ L m 010T ‘oe1)
€10°0¥C81°0 02O 0FLLEO e-:D &) ¥'6¥¢'6 €F19 or D
¥¢) N N €I0°0FF01°0 0TO'0F9LED  SYom ¥ e-pQ "dup "ATSwW (g 1L, K) gv*1°6 €F09 ot ‘L I 900C ‘Sueyz
950" 0F860'0 €LOOFSLIO e-:D ST LFST'8S 8¢ D
(€¢) N N 620" 0F780°0 [SOOFCLI'0  SYoom ¥ e-pQ "dup AT3w O 1L, N 9’ 8FCI'#S Wil 11 010¢ ‘Suerf
L'9EFS 88 TYSFI¥6 e-:D €D
¥ ETFS P 9'TSFY S6 N N SyooM ¢ e-pQ "dup ‘AT SW (6 1L L 11
(o) (K vFo1 §F99 L00T ‘01T
€L'9€F96'CS LY THF6E 99 8I'0FI+0 0€'0F19°0 e- 1) (K) s¥o1 9¥99 WD
(1¢) ¥9 €€FE9'9G 86'8¢F61'€8 LTOFST O 8¢'0FS8'0 SyooM § e-pQ "dup AT 3w g 1L (K) s¥o1 S¥99 €T L 11 L00T ‘nI']
810 0FZ01°0 1LO0FIST 0 e-:D (K) 1'6%89 ['8F6'SS 0D
(0¢) N N 1€0'0F180°0 790'0FS81°0 Syoom 7 e-pQ "dup ‘AT SW Of 1L, &) SyFIL ¥ LFE'8S 0¢ L 111 1107 ‘M
790F9L'T 8% 0FLOE q-:D 9L-1% or D
(60) N N SV OFP0'T IS0F€EI'€ SyooM q-pO "dup ‘AT 3w 007 :L N 6L-CTy 9¢:L AL 800C ‘X
1#0'0F201°0 610°0¥8ST°0 n-:5 K) 19%'8 €' 8FC 65 ¥€ 0
(82) N N %0 0FSLO'0 020 0FSST'0 skep G| n-pQ “dup AT 3w O 1L (K) L'6F9°8 ['6¥L'8S ¥€ L 11 110T ‘nry
‘SJOY UONUdAIdUI IOPY aurjaseq UOTJUIAIIIUL I9)JY aurjaseq uoneInp (ourdeosiaaiq) g jo (1e9k) a3y u Nd Jo Ieok
Juaueal], UOTJUIAINU] K103STH age1s ‘oyne
(urw/3 1) 9181 UOIAIOXD (3) urgyoad suun y-4g ISI1

urunqre QUL

"panunuoD ‘1 A[quL



Table II. Continued.

Urine albumin
excretion rate (xg/min)

24-h urine protein (g)

First

Intervention Treatment

History

of DM

Stage

of DN

author,

SPANDIDOS

EJ PUBLICATIONS

Refs.

Baseline After intervention

After intervention

Baseline

duration

(breviscapine)

Age (year)

n

year

1.09+0.68

2 weeks

T: 100 mg i.v. drip. Qd-b

T: 15
C: 15
T: 48
C: 20

v

1.32+0.70

an

43.13+£7.18

89.92+11.62

2 weeks

T: 100 mg i.v. drip. Qd-b
C:-b

18.7+12.8 (y)
18.2+11.6 (y)

61.5+14.6
62.3+11.5

I

Kang, 2003

EXPERIMENTAL AND THERAPEUTIC MEDICINE 12: 1383-1397, 2016 1389

89.56+12.37

91.08+10.76

(37

69.62+4.28

Huang, 2012

0.13+0.02
0.18+0.02
1.08+0.67

15 days

T: 100 mg i.v. drip. Qd-a

C:-a

T: 21
C:21
T: 22
C:22

I

15 days

T: 100 mg i.v. drip. Qd-a

v

1.31+£0.69

-a

n, patient number enrolled; DN, diabetic nephropathy; T, breviscapine treatment group; C, control group; DM, diabetes mellitus; y, year; m, month; N, not mentioned; a, ACEI and/or ARB used; b, ACEI or ARB not

mentioned; u, ACEI or ARB not used; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; Qd, once per day; i.v., intravenous.

a forest plot for the outcome measurements (WMD, -1.52;
95% CI, -2.25 to -0.78). In comparison with the control group,
breviscapine significantly reduced the expression level of BUN
in patients with DN (P<0.001).

Cholesterol expression levels. A total of 12 clinical trials
evaluated the expression level of cholesterol in patients treated
with breviscapine (n=394) and the control group (n=351).
Fig. 5 presents a forest plot for the outcome measurements
(WMD, -0.67; 95% CI, -1.12 to -0.22). In comparison with the
control group, breviscapine significantly reduced the expres-
sion level of cholesterol in patients with DN (P<0.001).

Triglyceride expression levels. A total of 15 clinical trials
evaluated the expression level of triglycerides in patients
treated with breviscapine (n=472) and the control group
(n=428). Fig. 6 presents a forest plot for the outcome measure-
ments (WMD, -0.52; 95% CI, -0.72 to -0.33). In comparison
with the control group, breviscapine significantly reduced the
expression level of triglycerides in patients with DN (P<0.001).

HDL expression levels. A total of 5 clinical trials evaluated the
expression level of HDL in patients treated with breviscapine
(n=172) and the control group (n=132). Fig. 7 presents a forest
plot for the outcome measurements (WMD, 1.57; 95% CI, 0.47
to 2.67). In comparison with the control group, breviscapine
significantly increased the expression level of high density
lipoproteins in patients with DN (P<0.001).

Fibrinogen expression levels. A total of 9 clinical trials
evaluated the expression level of fibrinogen in patients treated
with breviscapine (n=296) and the control group (n=261).
Fig. 8 presents a forest plot for the outcome measurements
(WMD, -1.25; 95% CI, -1.56 to -0.93). In comparison with the
control group, breviscapine significantly reduced the expres-
sion level of fibrinogen in patients with DN (P<0.001).

Adverse effects. No systematic review on adverse effects
was conducted as reporting of side effects was lacking in the
clinical trials in this meta-analysis.

Publication bias assessment. The Begg's test determined
that bias assessment was not significant in any of the RCTs
analyzed (P>0.1).

Discussion

The prevalence of DM has markedly increased in recent years
and is projected to affect 4.4% of the world's population by
2030 (51). DN is considered to be the most devastating compli-
cation associated with diabetes, with respect to a patients'
quality of life and chances of survival (52). Current treat-
ments are not adequate, and as the burden of DN continues to
increase worldwide there is a requirement for the development
of novel treatments (53).

Oxidative stress caused by increased free radical produc-
tion is understood to serve a central role in the development
of DN (54). The abnormal metabolism of glucose or free
fatty acids via mitochondria pathways, and the activation
of nicotinamide adenine dinucleotide phosphate oxidases
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Zhai SC (2000)
Liu DK (2003)
Huang WS (2004)
Wang W (2005)
Yuan CL (2005)
Zhang P (2006)
Chen XJ 1(2007)
Chen XJ 2 (2007)
Liu SC (2007)

Liu YC (2008)

Xu YF (2008)

Lan HP 1(2008)
Lan HP 2 (2008)
Wang XM (2009)
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Jiang YF (2010)
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Wang YX (2011)
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SMD (95% CI) Weight %
-1.29(-1.72,-0.87) 378
-0.08 (-0.64,0.49) 366
-0.58 (-1.09,-0.07) 3.71
-1.18(-1.71,-0.65) 3.69
-3.29(-4.17,-2.41) 332
-6.00 (-7.04,-4.96) 3.13
-1.58 (-2.50,-0.65) 3.27
-0.45(-1.23,0.33) 344
-0.69 (-1.30,-0.09) 3.62
-1.75(-220,-1.30) 3.76
-1.34(-1.84,-0.84) 3.72
-1.13(-1.96,-0.30) 3.38
-0.33(-1.05,0.39) 350
-0.92(-157,-027) 357
-0.55(-1.03,-0.07) 374
-1.65(-2.13,-1.17) 374
-0.90 (-1.40,-0.40) 3.72
-0.32(-076,0.12) 3.76
-0.80 (-1.32,-0.27) 3.69
-3.29(-4.31,-227) 3.15
-0.63(-1.15,-0.11) 3.70
-7.74(-8.80,-6.67) 3.09
-0.99 (-153,-0.45) 368
-0.66 (-1.15,-0.17) 3.73
-0.52(-1.03,-0.00) 3.70
-0.65(-1.17,-0.13) 3.70
-232(-3.11,-153) 343
-0.34(-0.93,0.26) 363
-1.42(-1.83,-1.02) 100.00

-88

(=]

T
88

Figure 1. Effect of breviscapine on 24-h urine protein in patients with diabetic nephropathy. ID, identification; SMD, standardized mean difference; CI,

confidence interval.

Study %
D WMD (35% CI) Weight
Yu JP (2010) -—-u— 1470 (24.23, 5.4T)  12.75
Huang WY (2011) —Qi— -34.70 (-59.34, -10.08) 9.5
Shen YE (2011) . 4540 (87.99.-281)  6.03
LiJ (2010) —:—o— 1580 (27.81,379) 1233
LiJ (2011) : — 9.12 (-14.72, -3.52) 13.28
Liu SC (2007) P 4,07 (-16.54, 24.68) 10.49
Liu SC (2007) —_— 4500 (82.90, 27.10)  11.10
Qiso FB (2010) —é—o—— 1203 (29.38,532)  11.23
Kang SQ (2003) — 48.43 (52.22, -40.84) 1324
Overall (l-squared = 92.5%, p = 0.000) <> 23.16(37.20,-9.12)  100.00
;
NOTE: Weights are from random effects analysis |
& 0 %

Figure 2. Effect of breviscapine on urine albumin excretion rate in patients with diabetic nephropathy. ID, identification; WMD, weighted mean difference;

CI, confidence interval.

via PKC have been recognized as contributors towards the
production of oxidants (55). Breviscapine possesses a variety
of pharmacological functions other than hemodynamic
effects, and can serve as an anti-oxidative stress agent and
inhibitor of PKC (56,57). In addition, Zhao et al (58) and
Wagener et al (59) observed in diabetic rat models that
breviscapine can inhibit podocyte apoptosis by modulating

the expression of B-cell lymphoma 2 (Bcl-2) and Bcl-2-Asso-
ciated X Protein genes.

The present meta-analysis quantitatively evaluated the clin-
ical effect of breviscapine in the treatment of patients with DN
by integrating the outcomes of 35 RCTs that studied the effects
of breviscapine on 1,188 patients with DN and 1,132 control
subjects. The results demonstrated that the expression levels of



SPANDIDOS
| PUBLICATIONS
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Study ID WMD (95% CI) Weight %
Huang WS (2004) [ . 2.89(-7.49, 13.27) 438
Li H (2008) - ! -48.07 (-56.55,-39.50)  4.61
Zhang P (2006) —— -19.31(-33.84,-478) 3.4
Chen XJ 1(2007) e -1.00 (-13.46,11.46) 412
Chen XJ 2 (2007) —_— -29.00 (-52.83,-5.17) 269
Liu SC (2007) | - 16.73 (7.32, 26.14) 450
Liu SC (2007) -‘i- -7.60 (-15.52,0.32) 467
Xu YF (2008)  ——— X -94.15 (-131.35,-56.95) 1.60
Lan HP 1(2008) - -3.00 (-13.39, 7.39) 438
Lan HP 2 (2008) —_— -28.00(-50.18,-5.82)  2.87
Wang XM (2009) = -8.00 (-16.42,0.42) 462
Wu JY (2009) o ! 61.78(-73.13,-50.43) 426
Qiao FB (2009) —— 9.90(-13.85,3365) 270
Yu JP (2010) pe 7.00(-1372,-028) 4580
Jiang YF (2010) : . -0.91(-4.97, 3.15) 5.01
Qiao FB (2010) ~ -14.20 (-20.36,-8.04)  4.85
Huang WY (2011) = -8.00 (-16.87, 0.87) 457
Shen YF (2011) — -18.30(-31.34,-526)  4.04
Fang X (2011) - -9.67(-1246,-688)  5.08
Zhong L (2011) : -4.34(-9.36,0.68) 494
Liu HB (2011) X -1.98 (-9.54, 5.58) 47
Wu JW (2011) X 0.20 (-6.27, 6.67) 482
HuangJ 1(2012) i -3.00 (-10.57, 4.57) 471
Huang J 2 (2012) —_— -30.00 (-49.26,-10.74) 322
Overall (-squared = 81.6%, p = 0.000) O 1250 (-18.16,-6.84)  100.00
NOTE: Weights are from random effects analysiq‘
I 1
131 0

1393

Figure 3. Effect of breviscapine on serum creatinine in patients with diabetic nephropathy. ID, identification; WMD, weighted mean difference; CI, confidence

interval.

Study ID WMD (95% Cl) Weight %
Huang WS (2004) i -+ 0.01(-0.69,071) 584
Li H (2006) - : -3.76 (-4.42,-3.10) 5.87
Zhang P (2006) —_— -103(-2.34,028) 515
Chen XJ1 (2007) 5—.-— -0.40(-1.56,0.76) 534
Chen XJ2 (2007) —_— -450(-7.00,-2.00) 359
Xu'YF (2008) —_— ! 387(4.82,-292) 559
Lan HP1 (2008) i—-—— -0.50(-1.54,054) 548
Lan HP2 (2008) —_— -440(-6.52,-2.28)  4.07
Wu JY (2009) —— ! 384(-452,-3.16) 585
Qiao FB (2009) :: -1.30 (-5.08, 2.48) 234
Jiang YF (2010) : - 0.19(-0.25,063)  6.03
Qiao FB (2010) — -250(-3.55,-1.45) 547
Shen YF (2011) ——t -084(-201,033) 533
Fang X (2011) + -1.51 (-2.22, -0.80) 5.83
Zhong L (2011) - 1.41(-1.94,-088) 597
Liu HB (2011) : 0.02 (-0.60, 0.64) 5.90
Wu JW (2011) : -0.06(-0.72,060) 587
Huang J1(2012) E -0.50 (-1.32, 0.32) 573
Huang J2 (2012) - 020(-1.82,142) 474
Overall (-squared = 92.9%, p = 0.000) -152(-2.25,-0.78)  100.00

<

NOTE: Weights are from random effects analysis !
T T
7 0 7

Figure 4. Effect of breviscapine on blood urea nitrogen in patients with diabetic nephropathy. ID, identification; WMD, weighted mean difference; CI,
confidence interval.

SCr and BUN were significantly lower in patients treated with Microalbuminuria is regarded as the earliest clinical sign
breviscapine in comparison with control subjects, suggesting  of DN. It is defined as a urinary albumin excretion rate ranging
that the drug serves a protective role in the renal system of  from 30-300 mg/day, and the definitive measurement is based
patients with DN. on a timed urine collection during a 24-h period (60). The
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Study
ID

Wang XM (2009)

Wu JY (2008) ——
Huang WS (2004)

Qiao FB (2009)

LiJ (2011)

Yuan CL (2005)

Xu YF (2008) ——
Liu SC (2007)

Qiao FB (2010)

Kang SQ (2003)

NOTE: Weights are from random effects analysis |

I
1

Huang WY (2011) |
1

L]
—
]
Liu DK (2003) e
1
—_—

]
i
1
:
.
——
1
Overall (I-squared = 95.2%. p = 0.000) {}

%
WMD (35% CI) Weight

- 0.10(0.57,0.37)  8.37
— 0.10 (059, 0.35) 8.28

-1.74 (-1.91,-1.5T)  8.07

———— 0.12(0.90,068) 7.18

0.25(0.64, 0.08) 888
0.12(-0.49,0.25) 868
-1.26(-2.08, 0.46) 7.13
-1.32(-2.04, 080) 745
-1.93(-2.25.-1.81) 8.79

A 0.01(-0.46,044) 841

0.49(0.83,0.15 8.74
0.50 (068, 0.31) 9.08
067 (-1.12,-022)  100.00

T
-2.25

0

T
225

Figure 5. Effect of breviscapine on cholesterol in patients with diabetic nephropathy. ID, identification; WMD, weighted mean difference; CI, confidence

interval.

Study %
ID WMD (5% CI) Weight
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Figure 6. Effect of breviscapine on triglyceride in patients with diabetic nephropathy. ID, identification; WMD, weighted mean difference; CI, confidence

interval.

present meta-analysis indicated that breviscapine can reduce
urinary protein levels, with a reduction in 24-h urine protein
values and the urinary albumin excretion rate; a reduction in
urinary protein may contribute towards the renal protective
effect of breviscapine in patients with DN.

There is evidence that dyslipidemia serves an important
role in the progression of kidney disease in patients with
diabetes (61). Dyslipidemia in diabetes is a condition that
results in hypertriglyceridemia, low high-density lipopro-
tein levels, and increased small and low-density lipoprotein
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Figure 8. Effect of breviscapine on fibrinogen in patients with diabetic nephropathy. ID, identification; WMD, weighted mean difference; CI, confidence

interval.

particles (62). Dyslipidemia is associated with the occurrence
and progression of DN, and chronic kidney disease affects
dyslipidemia (63). Lipids may cause glomerular and tubuloin-
terstitial injury through mediators such as reactive oxygen
species, cytokines and chemokines, and through hemody-
namic changes (64). A number of trials have demonstrated that
treating dyslipidemia not only decreased the risk of cardiovas-
cular events, but also delayed the progression of DN (65). The
present meta-analysis indicates that breviscapine reduces the
levels of cholesterol and triglyceride, but increases the level of

HDL, in patients with DN; breviscapine is, therefore, capable
of reversing dyslipidemia and protecting the renal system.

The present meta-analysis also demonstrated that brevis-
capine can reduce fibrinogen levels in patients with DN, which
is in accordance with its function of promoting fibrinolytic
activity, or may be related associated indirectly with the reduc-
tion of urine protein levels by breviscapine.

The protective effect of breviscapine is important with
regard to the treatment of patients with DN; breviscapine
reduces urine protein, improves renal function and adjusts
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dyslipidemia. However, the present study explores only the
clinical effect of breviscapine, and further studies are required
to identify its underlying mechanisms. It is important to note
that the majority of the RCTs analyzed in the present study
were not of the highest quality; the toxicity of the drug was not
thoroughly investigated and in a number of RCTs the lack of
liver and kidney toxicity was discussed, but the associated data
was not presented in detail. Further research is required that
will adopt high quality methodology, including double-blind,
multi-centered RCTs with large samples, and conduct
long-term follow ups of patients treated with breviscapine in
order to investigate its long-term safety.
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