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Abstract
Background: Lithospermic acid B (LAB), an active component isolated from Salvia miltiorrhizae, has been
reported to have renoprotective effects in type 1 and type 2 diabetic animal models. We examined the effects
of LAB on the prevention of diabetic nephropathy compared with amlodipine, a calcium channel blocker,
and losartan, an angiotensin receptor blocker, in Otsuka Long-Evans-Tokushima Fatty (OLETF) rats, an
animal model of type 2 diabetes.

Methods: LAB (20 mg/kg), amlodipine (10 mg/kg), or losartan (10 mg/kg) was given orally once daily to
10-week-old male OLETF rats for 28 weeks.

Results: None of LAB, losartan, and amlodipine exhibited effects on blood glucose levels. Treatment with
amlodipine or losartan resulted in similar reductions in blood pressure; however, LAB was less effective in
lowering blood pressure. Albuminuria was markedly suppressed by losartan and LAB, but not by
amlodipine. LAB treatment decreased levels of renal lipid peroxidation, monocyte chemoattractant protein-1
(MCP-1), and transforming growth factor-g1 (TGEF-f1).

Conclusion: These results suggest that LAB has beneficial effects on the diabetic nephropathy in OLETF rats
by decreasing oxidative stress and inflammation as potent as losartan. (KOREAN DIABETES ] 32:10~20, 2008)
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Fig. 1. Body weight change over time. Treatment with LAB (n = 6), losartan (n = 6), or amlodipine had no effect on the
body weight gain compared with PBS treated OLETF control rats (n = 6). * P < 0.05 compared with LETO (n = 6).

200 4
—=LETO

180 4 -~ OLETF +PBS
—ir— OLETF + Amlodipine
== OLETF +Losartan
——OLETF +LAB

160 1

140 A

Systolic Blood Pressure (mmHg)

-

r

o
)

100 T T T T T T T T T T T T T 1

Time (Weeks)

Fig. 2. Profiles of systolic blood pressure change. OLETF rats progressively developed hypertension, whereas treatment
with either losartan (n = 6), amlodipine (n = 6), or LAB (n = 6) reduced systolic blood pressure significantly. Treatment

with losartan and amlodipine resulted in similar reductions in SBP, while treatment with LAB had a less potent effect on
lowering blood pressure. * P < 0.05 compared with LETO (n = 6), ¥ P < 0.05 compared with PBS treated OLETF (n

= 6). a and b represent P < 0.05.

Table 1. Characteristics of experimental groups at 38 weeks

LETO OLETF Amlodipine Losartan LAB

AST (IU/L) 832 + 4.8 97.1 + 5.1 1043 + 11.8° 1165 + 124" 1105 + 11.5
ALT (IU/L) 708 + 3.4 82.1 + 5.7 86.4 + 5.5 87.5 + 15.1 80.9 + 6.8
Total cholesterol (mg/dL) 95.6 + 6.4 1524 £ 193" 1544 + 2177 1477 = 84 146.3 £ 10.5"
Triglyceride (mg/dL) 1053 + 215 2512 = 405" 303.0 £ 504" 2408 * 262" 2549 = 27.1
Free fatty acid (uEq/L) 624.5 + 364 13132 + 110.5° 1297.8 + 125.6° 11265 + 109.3° 1105 * 85.7"
Serum creatinine (mg/dL) 0.75 £ 0.04 0.65 £ 0.01 0.66 = 0.03 0.68 + 0.03 0.60 = 0.04
Kidney weight (g) 138 + 0.13 264 + 031 223 + 026 196 + 032" 1.90 + 0.150"

Values are means + SE. AST, Aspartate aminotransferase; ALT, Alanine aminotransferase. * P < 0.05 compared to LETO,;

+t P < 0.05 compared to OLETF.
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Fig. 3. A. Renin mRNA expression profile. B. Angiotensinogen mRNA expression profile. At 38 weeks of age, OLETF rat
showed higher renal renin and angiotensinogen mRNA levels than LETO rats. Treatment with losartan (n = 6) significantly
increased renin mRNA levels but had no effect on angiotensinogen mRNA levels in OLETF rats. Treatment with
amlodipine (n = 6) or LAB (n = 6) had no significant effects on renin and angiotensinogen mRNA expression level in
OLETF rats. Values are means + SE. * P < 0.05 compared with LETO (n = 6), ¥ P < 0.05 compared with PBS treated
OLETF (n = 6).
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Fig. 4. Profile of renal MCP-1 levels by relative PCR. MCP-1 level in creased in OLETF rats compared with LETO rats.
Only treatment with LAB caused a decrease in renal cortical MCP-1 mRNA expression levels. LAB decreased amount
of MCP-1 expression to the 57% level of PBS treated OLETF control (n = 6).
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Fig. 5. Profiles of glucose tolerance test at 38 weeks. Blood glucose levels were the greatest 30 min after the
intraperitoneal glucose injection in all animals, which was followed by a distinct disposal phase. There was a delay in

blood glucose disposal in OLETF rats. Treatment with LAB (n = 6), losartan (n = 6), or amlodipine (n = 6) did not
significantly influence fasting and postprandial plasma glucose levels. * P < 0.05 compared with LETO (n = 6).
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Fig. 6. Effects on albuminuria. The amount of albuminuria was markedly suppressed by treatment with losartan (n = 6)
and LAB (n = 6), but not with amlodipine (n = 6). Values are means + SE. * P < 0.05 compared with LETO (n = 6),

t P < 0.05 compared with OLETF (n = 6).
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Fig. 7. ELISA results for TGF-f1 protein expression in the kidney cortex. Quantitative analyses of TGF-f1 showed that
losartan (n = 6) and LAB (n = 6) strongly inhibited TGF-f1 protein expression in the renal cortex of OLETF rats. Values
are means + SE. * P < 0.05 compared with LETO (n = 6), T P < 0.05 compared with PBS treated OLETF (n = 6).

o] Blal] fefslAl ZHa=s3l ot amlodipine 701
MAE et 347t YIlckFig. 6).

4. MFIAEM TGF-p1EHE W50 CHs Saf

TGF-p12] &4 477} losartan?} LABFoI= 723}
Al A5)Ae] TGF-pl hiuladg- 7k o1} amlodipine
FolFolA= Rl a3E 3 = drkFig. 7).

5. AIFTAENM MDASEZ0 CHst S}

OLETF#E= LETOF 9l v]3 $oJsbA] A=]2e] MDA

16

ghgo] £3k3L amlodipineFolE A1942] MDAYE
oalA] Z&EAFIA Egiel Losartan®} LABE EollA
MDASSS ZHaAZ o kFig. 8) LABFoI7} Aekdow
losartan-Foq Hr} A19]2e] MDAZA=E37F ZIcKP < 0.05).

6. A-"EEA-I

==

20 mg/kg/day®] LABFoollA= ASTSF ALTS] f-olt
A5 kA ¢kl AmlodipineFod7-o|u losartanF
o] FollA = ASTSF ALTE] o3t e 3w A] kst
(Table 1).




224 9| 112l : OLETFFI0IM Amlodipine, Losartan®} H|wst Lithospermic Acid B2 SixtHA AMZ ofdtEn}

Renal Cortex MDA (nmolimg protein)

LETO OLETF + PBS

7.

6 - *t

5 - ,
‘-

3

2

1 4

g

OLETF +

OLETF +Losartan  OLETF +LAB

Amlodipine

Fig. 8. Effect of treatments on renal cortex MDA levels. OLETF rats showed higher levels of renal cortical MDA

contents compared with LETO rats. Treatment with amlodipine (n = 6), losartan (n =
renal cortical MDA concentration. Values are means + SE. * P < 0.05 compared with LETO (n =
6). a and b represent P < 0.05.
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