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Antiinflammatory and antifibrogenic effects of
s-ethyl cysteine and s-methyl cysteine in the kidney
of diabetic mice

Mei-chin Yin, Cheng-chin Hsu, Pei-fang Chiang and Wen-jean Wu

Department of Nutritional Science, Chung Shan Medical University, Taichung City, Taiwan

Protective effects of s-ethyl cysteine (SEC) and s-methyl cysteine (SMC) in kidney of diabetic mice
were examined. SEC and SMC at 0.5, 1, 1.5, 2 g/L were added to the drinking water for 6 wk. Results
showed that the intake of SEC or SMC alleviated body weight loss and urine output, as well as mark-
edly decreased plasma blood urea nitrogen (BUN) and creatinine clearance (CCr) in diabetic mice (P
< 0.05). The intake of SEC caused significantly dose-dependent increase in insulin and decrease in
blood glucose, urinary albumin and type IV collagen (P < 0.05). SEC and SMC intake significantly
and dose-dependently decreased malondialdehyde level and increased glutathione content in kidney
(P < 0.05). The intake of these agents also increased renal GPx activity (P < 0.05), but there was no
dose-dependent effect. SEC treatments dose-dependently decreased IL-6 and TNF-a levels, increased
IL-4 and IL-10 levels, as well as upregulated IL-10 mRNA expression (P < 0.05). SMC treatments
significantly suppressed renal IL-6 and TNF-a levels (P < 0.05), but did not affect IL-4 and IL-10
levels (P < 0.05). SEC or SMC intake significantly suppressed renal TGF-betal level and renal PKC
activity (P < 0.05); however, only SEC treatments showed dose-dependent effect. SEC and SMC
treatments significantly down-regulated mRNA expression of renal TGF-betal (P < 0.05), only SEC
treatments had dose-dependent effects. Based on the observed antioxidative, antiinflammatory, and
antifibrogenic effects, the supplement of SEC or SMC might be helpful for the prevention or treat-

ment of diabetic kidney diseases.
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1 Introduction

Diabetic renal injury, or the so-called diabetic nephropathy,
is one of the diabetic complications, which exacerbate the
severity and the mortality of diabetes. It has been documen-
ted that oxidative stress, inflammation, and fibrosis contri-
bute to the progress of diabetic associated renal injury [1—
4]. Thus, any agent with antioxidative, antiinflammatory, or
antifibrogenic effect may potentially prevent or delay the
development of diabetic renal injury.
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s-Ethyl cysteine (SEC) and s-methyl cysteine (SMC) are
two hydrophilic cysteine-containing compounds naturally
formed in Allium plants such as garlic and onion [5, 6]. Our
past study has indicated that the supplementation of these
compounds at one dosage in drinking water for 4 wk could
markedly alleviate hyperglycemia, hyperlipidemia, oxida-
tive damage, and improve haemostatic balance in diabetic
mice [7]. Thus, we hypothesized that these two compounds
could protect kidney at least via decreasing hyperglycemic
stress and oxidative stress. Therefore, a diabetic animal
study regarding kidney protection from these two com-
pounds at various doses was designed and conducted. On
the other hand, the antiinflammatory effects of other hydro-
philic cysteine-containing compounds such as s-acetyl
cysteine against acetaminophen-induced liver injury in
mice have been observed in our laboratory [8]. Thus, we
also hypothesized that the dietary intake of SEC or SMC
could protect kidney against diabetic associated inflamma-
tory injury. In our present study, the influence of SEC and
SMC upon cytokines such as IL-6 and IL-10 was examined.
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Under high glucose condition, like hyperglycemia in dia-
betes, the expression of transforming growth factor-betal
(TGF-betal) and the activity of protein kinase C (PKC) are
increased in human and animal [9—12]. The upregulation
of these parameters leads to massive production of extracel-
lular matrix (ECM) such as fibronectin and type IV col-
lagen, which further causes glomerular trophy, basement
membrane thickening, mesangial expansion, and finally
renal fibrosis. Consequently, renal dysfunction requiring
dialysis and even renal replacement may be necessary in
order to survive. Thus, any agent with TGF-betal and/or
PKC inhibitory capability may be more efficacious in the
prevention and/or therapy for diabetic associated renal
fibrosis. In our present study, the influence of SEC and
SMC upon TGF-betal production and PKC activity was
examined in order to elucidate the possible action mode.

The major purpose of this study was to investigate the
antiinflammatory and antifibrogenic effects, and possible
action mode from SEC and SMC for renal protection in dia-
betic mice.

2 Materials and methods

2.1 Animals and diets

Male Balb/cA mice, 3—4 wk old, were obtained from
National Laboratory Animal Center (National Science
Council, Taipei City). Mice were housed on a 12-h light/
dark schedule; water and the standard diet for rat and mouse
were consumed ad libitum. The diet contained by weight
(g/100 g): 64 starch, 23 protein, 3.5 fat, 5 fiber, 1 vitamin
mixture, and 3 salt mixture (PMI Nutrition International).
The use of mice was reviewed and approved by Chung Shan
Medical University animal care committee. To induce dia-
betes, mice with body weights of 22.1 + 0.5 g were treated
with streptozotocin (STZ, 40 mg/kg body weight in
0.1 mol/L citrate buffer, pH 4.5) i.p. for five consecutive
days. The blood glucose level was monitored on day 2, 5,
and 10 from the tail vein using a one-touch blood glucose
meter (Lifescan). Mice with fasting blood glucose levels
=14.0 mmol/L were used for this study. After diabetes was
induced, mice were divided into several groups (15 mice

per group).

2.2 Experimental design

SMC (99%) and SEC (99.5%) were purchased from Sigma
Chemical Each agent at 0.5, 1, 1.5, and 2 g/L was added to
the drinking water. All mice had free access to food and
water at all times. Consumed water volume and feed were
recorded. Body weight, urine output, plasma level of glu-
cose and insulin were measured weekly. After 6 wk supple-
mentation, mice were killed with carbondioxide. Blood and
kidney were collected. Plasma was separated from erythro-
cytes immediately. Kidney at 0.2 g was homogenized in ice
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in 2 mL phosphate buffer saline (pH 7.2) and the filtrate
was collected. The protein concentrations of plasma or kid-
ney filtrate were determined by the method of Lowry ef al.
[13] using BSA as a standard. In all experiments, the sample
was diluted to a final concentration of 1 g protein/L using
PBS, pH 7.2.

2.3 Measurement of plasma glucose, insulin,
blood urea nitrogen (BUN) and creatinine
clearance (CCr)

The plasma glucose level (mmol/L) was measured by a glu-
cose HK kit (Sigma Chemical). Plasma insulin (nmol/L)
was measured by RIA using a rat insulin RIA kit (SRI-13K;
Linco Research). Plasma BUN, plasma creatinine (Cr) and
urinary Cr concentrations were detected by a Beckman
Autoanalyzer (Beckman Coulter, Fullerton, CA). CCr was
calculated and expressed as mL/min per 100 g body
weight.

2.4 Determination of glutathione (GSH) level and
glutathione peroxidase (GPx) activity

GSH concentration (nmol/mg protein) in kidney filtrate
was determined by a colorimetric GSH kit (Oxis Research).
GPx activity (U/mg protein) in kidney filtrate was deter-
mined by GPx assay kit (Calbiochem, EMD Biosciences,
San Diego, CA).

2.5 Lipid oxidation analysis

Lipid oxidation in the kidney filtrate was determined by
measuring the level of malondialdehyde (MDA, pmol/L)
using HPLC [14].

2.6 Renal cytokines determination

Perfused renal tissue was homogenized in 10 mM Tris-HCI
buffered solution (pH 7.4) containing 2 M NaCl, 1 mM
EDTA, 0.01% Tween 80, 1 mM PMSEF, and centrifuged at
9000 x g for 30 min at 4°C [15]. The resultant supernatant
was used for cytokine determination. The levels of proin-
flammatory cytokines, IL-6 and TNF-a, antiinflammatory
cytokines, IL-4 and IL-10 were measured by ELISA using
cytoscreen immunoassay kits (BioSource International
Camarillo). Samples were assayed in duplicates according
to manufacturer's instructions. The sensitivity of assay with
the detection limit was at 5 pg/mg protein for 1L-4, IL-6,
and IL-10; and 10 pg/mg protein for TNF-a.

2.7 Measurement of urinary albumin, type IV
collagen

Urinary albumin concentration was measured by an ELISA
Albuwell M kit. Urinary type IV collagen concentration

www.mnf-journal.com




574

M.-c.Yin et al.

was measured by a Collagen IV M kit (Exocell, Philadel-
phia, PA), which measures both intact and fragments of
type IV collagen at the same time.

2.8 Renal TGF-beta1 level analysis

Renal cortex was homogenized with ice-cold PBS contain-
ing 0.05% Tween 20. After centrifugating at 9000 x g for
15 min at 4°C, the supernatants were used for measuring
renal TGF-betal level (ng/mg renal tissue). TGF-betal
level was quantified by a commercial ELISA kit (R&D Sys-
tems, Minneapolis, MN).

2.9 Measurement of renal glomeruli PKC activity

The method described in Koya et al. [16] was used to mea-
sure glomeruli PKC activity. Briefly, bilateral kidneys were
dissected, homogenized in ice-cold RPMI1640 media con-
taining 20 mM HEPES. Glomeruli were isolated by remov-
ing the capsules, and passed through sieves of various sizes.
After washing twice with RPMI1640 media containing
20 mM HEPES and once with a mixed salt solution, glo-
meruli were incubated with a salt solution for 15 min in the
presence or absence of 100 uM PKC-specific substrate,
RTLRRL, and followed by adding 5 mg/mL digitonin and
1 mM ATP mixed with y-[**P]ATP (< 1500 cpm/pmol). The
reaction was stopped by 5% trichloroacetic acid, and then
spotted onto P81 phosphocellulose paper and washed four
times with 1% phosphoric acid and once with acetone. The
amount of incorporated radioactivity into the substrate was
determined by scintillation counting. Protein content of
each sample was measured by the method of Lowry et al.
[13]. Glomerular PKC activity was normalized by the cor-
responding protein content.

2.10 Quantitative RT-PCR for mRNA expression

Quantitative RT-PCR was used to examine the mRNA
expression of IL-10 and TGF-betal in order to demonstrate
the effect of SEC and SMC on the level of transcription.
IL-10 was selected for examination because the inhibitory
effect of IL-10 on nephrotoxic renal injury has been
reported [17]. Renal cells were lysed, and RNA was
extracted using TRIizol reagent, and was further digested
with DNase. Total RNA was isolated from kidney tissue
using the SV Total RNA Isolation kit (Promega, Madison,
WI) according to the manufacturer's protocol. Two micro-
grams of total RNA was used to generate cDNA. Reverse
transcription was performed in a one-step protocol using
the iScript cDNA Synthesis Kit (BioRad) according to the
manufacturer's protocols. Reactions were processed at
25°C for 5 min, 42°C for 30 min, 85°C for 5 min, and
cooled at 4°C in a Thermocycler. The following primers
were used. IL-10: forward, 5'-GGC CCT TTG CTA TGG
TGT CC-3', reverse, 5'- AAG CGG CTG GGG GAT GAC-
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3’; TGF-betal: forward, 5- CCG CAA CAA CGC CAT
CTATGA-3, reverse, 5'-GGG GGT CAG CAG CCG GTT
AC-3'. Quantitative analysis was performed with a BAS
2000 BIO-image analyzer (Fuji Photo Film, Tokyo, Japan).
mRNA level was calculated as percentage value of the con-
trol group.

2.11 Statistical analysis

All data were expressed as mean = SD. Statistical analysis
was done using one-way analysis of variance (ANOVA),
and post-hoc comparisons were carried out using Dunnet’s
t-test. P values < 0.05 were considered as significant.

3 Results

Feed intake and water intake at wk 1, 3, and 6 are presented
in Table 1. There was no significant difference among
groups (P > 0.05). Body weight and urine output at wk 1, 3,
and 6 are shown in Table 2. At week 3, mice with SEC
intake had significantly lower urine production than control
and SMC intake groups (P < 0.05). At week 6, mice with
SEC or SMC intake had significant higher body weight and
lower urine output than control groups (P < 0.05).

Plasma level of glucose and insulin at wk 1, 3, 4, and 6
are presented in Fig. 1. When compared with control
groups, SEC and SMC intake caused significantly lower
blood glucose level and higher insulin level at wk 3, 4, and
6 (P < 0.05). SEC treatments at wk 4 and 6 caused dose-
dependent decrease in glucose and increase in insulin (P <
0.05). Plasma BUN and CCr are presented in Fig. 2. SEC
and SMC treatments significantly decreased BUN and CCr
(P <0.05), only SEC treatments had dose-dependent effect
(P<0.05).

Renal MDA, GSH levels, and GPx activity in mice con-
sumed SEC or SMC are presented in Table 3. The intake of
SEC and SMC caused dose-dependent MDA decrease and
GSH increase (P < 0.05). The intake of these agents also
significantly increased renal GPx activity, but there was no
dose-dependent effect.

Renal levels of four cytokines are presented in Table 4.
SEC treatments significantly and dose-dependently
reduced renal IL-6 and TNF-a levels; as well as increased
renal IL-4 and IL-10 levels (P < 0.05). SMC intake signifi-
cantly suppressed IL-6 and TNF-a production (P < 0.05);
but there was no dose-dependent effect. SMC treatments
did not affect renal IL-4 or IL-10 level (P > 0.05). The effect
of SEC and SMC on mRNA expression of renal IL-10 is
shown in Fig. 3. SEC treatments caused dose-dependently
upregulation in IL-10 mRNA expression when compared
with control groups (P < 0.05). SMC treatments did not
affect IL-10 mRNA expression.

As shown in Fig. 4, SEC treatments resulted in signifi-
cantly dose-dependent decrease in urinary level of albumin
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Table 1. Feed intake (FIl, g/mouse/d) and water intake (mL/mouse/d) of mice consumed 0, 0.5, 1, 1.5, 2 g/L SEC or SMC at 1, 3,
and 6 wk. Data are mean + SD, n=15

Time FI (g/mouse/d) WI (mL/mouse/d)
(wk)
1 3 6 1 3 6

SEC

0 5.2+0.42 4.8:+0.3% 4.3:0.6% 7.3:0.92 6.8+0.72 7.0+0.62
0.5 5.5:0.6% 5.0:0.42 4.3:0.5% 7.0:1.0% 7.2:0.92 7.3:0.8%
1 5.0:0.5% 4.7+0.5% 4.6+0.7% 6.8+:0.8% 6.6+1.12 6.5+1.0%
1.5 4.9:0.62 5.1+0.22 3.9:0.5% 6.5+1.12 6.9:0.6% 7.0:0.5%
2 5.3:0.3% 45:0.6% 4.1:0.32 7.1+0.72 6.7+0.8% 6.6+:0.72
SMC

0 5.4:0.42 5.0+0.6% 4.7+0.5% 6.9:1.12 7.1:0.5% 6.6+1.2%
0.5 52:0.3% 4.6+0.72 4.4:0.4° 6.4:0.8% 6.5+:0.8% 7.0:0.42
1 5.6+0.5% 4.4:0.3 45+0.6% 6.5+0.6% 6.8+1.0% 7.1+0.72
1.5 5.7:0.5% 5.1:0.42 4.8:0.2% 71128 7.2:0.42 6.6+0.5%
2 5.3:0.6% 4.9:0.5% 4.3:0.42 6.8+:0.5% 6.7+:0.9% 6.8+:0.62

a, b) Means in a column without a common letter differ, P < 0.05.

Table 2. Body weight (BW, g/mouse) and urine output (mL/mouse/d) of mice that consumed 0, 0.5, 1, 1.5, 2 g/L SEC or SMC at 1, 3
and 6 wk. Data are mean + SD, n=15

Time (wk) BW (g/mouse) Urine (mL/mouse/d)
1 3 6 1 3 6

SEC

0 20.3+1.42 17.1:0.8° 13.4:0.5° 0.65+0.10° 1.96+0.212 3.51+0.29°
0.5 20.5+1.62 18.5+0.8° 16.7+0.8° 0.71+0.112 1.45:0.18° 2.83:0.17°
1 21.0+0.92 18.4+1.07 16.4+0.4° 0.59 +0.08? 1.40=0.14° 2.70+0.20°
1.5 20.7+1.0° 18.7+0.5° 17.2+0.9° 0.62 +0.06? 1.34:0.10° 2.76+0.18°
2 20.5+1.32 19.0+1.12 17.1:0.6° 0.75+0.122 1.24:017° 2.68+0.21°
SMC

0 20.9=+1.22 17.3+1.07 13.7+0.42 0.72+0.13? 2.14:0.23° 3.67+0.25°
0.5 21.1+1.5° 18.5+0.6° 16.2+0.5° 0.63+0.08? 1.85:0.18% 3.22:+0.16°
1 20.6+1.12 18.8+0.7° 15.9+0.3° 0.68+0.10? 1.78+0.15% 3.18+0.13°
1.5 20.2+1.0° 17.9+0.9° 16.1+0.7° 0.70+0.06? 1.70+0.112 3.20+0.12°
2 20.7+0.82 18.7+0.42 16.0+1.0° 0.73+0.072 1.81+0.09? 3.12:0.10°

a—c) Means in a column without a common letter differ, P < 0.05.

Table 3. Renal level of MDA (umol/L), GSH (nmol/mg protein) Table 4. Renal level (pg/mg) of proinflammatory cytokine (IL-6
and GPx activity (U/mg protein) in mice that consumed 0, 0.5, and TNF-a) and antiinflammatory cytokine (IL-4 and IL-10) in
1, 1.5, 2 g/L SEC (upper part) or SMC (lower part) for 6 wk. mice that consumed 0, 0.5, 1, 1.5, 2 g/L SEC (upper part) or
Data are mean + SD, n=15 SMC (lower part) for 6 wk. Data are mean + SD, n= 15.
MDA (umol/L) GSH (nmol/mg GPx (U/mg pro- IL-6 TNF-a IL-4 IL-10
protein) tein)

SEC
SEC 0 164 + 15° 178 +19° 54725 31.3:2.0%
0 3.52 £ 0.45° 12.3+0.92 19.0+1.52 0.5 122:10¢ 143 + 149 60.2+:2.8° 37.6x2.7°
0.5 3.14+0.26¢ 15.3+1.1° 21.3:+1.8° 1 94 +7¢ 112+10° 68.4+3.0° 46.5+3.1°
1 2.85+:0.17° 18.6+1.4° 23.1:2.0° 15 78+ 5° 90+ 8° 76.3:2.4° 559:3.7¢
1.5 2.53+0.21° 20.5+1.2¢ 22.7+2.2° 2 55+72 71:62 84.1:2.3° 66.6+3.4°
2 2.21+0.15° 22.4 +1.5° 25.0+2.1°¢ SMC
SMC 0 168+ 13° 17417 55.3+2.6° 32.0+1.72
0 3.62 £ 0.39° 13.2+0.72 19.2:2.02 05 126+9?2 138122 57.6+3.12 34.4:2.07
0.5 3.21:0.26¢ 15.8+0.8° 21.8+1.4° 1 130+ 112 131+ 82 58.2:+2.4* 353:1.6%
1 2.90:0.14° 17.7+1.0° 22.0+1.7° 1.5 123+8° 125102 60.7+3.0° 33.5:2.12
1.5 2.67 £0.23° 19.8+1.6° 22.7+2.2° 2 119+ 82 134 + 92 59.5:3.4* 35.6:2.0%
2 2.42 +0.21° 21.6+1.2° 21.5:2.3°

a—e) Means in a column without a common letter differ, P <
a—e) Means in a column without a common letter differ, P < 0.05.

0.05.
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Figure 1. Plasma level of glucose (mmol/L) and insulin (nmol/L) in mice that consumed 0, 0.5, 1, 1.5, 2 g/L SEC or SMC at 1, 3, 4,

and 6 wk. Data are mean + SD (n= 15).

and type IV collagen (P < 0.05). SMC treatments also sig-
nificantly decreased albumin and type IV collagen levels
(P < 0.05), but there was no dose-dependent effect. The
effect of SEC or SMC intake on renal TGF-betal level and
PKC activity is presented in Fig. 5. SEC or SMC intake sig-
nificantly suppressed renal TGF-betal production and PKC
activity (P < 0.05); however, only SEC treatments showed
dose-dependent effect on TGF-betal level. The effect of
SEC and SMC on mRNA expression of renal TGF-betal is
shown in Fig. 6. SEC treatments caused dose-dependently
downregulation in mRNA expression of renal TGF-betal
(P < 0.05). SMC treatments also down-regulated TGF-
betal mRNA expression, but there was no dose-dependent
effects.

4 Discussion

Our previous study has indicated that the dietary intake of
SEC or SMC at one dosage, 1 g/L, for 4 wk could effec-
tively reduce plasma glucose and increase plasma insulin in
diabetic mice [7]. Our present study further observed that
SEC intake dose-dependently increased insulin release;
however, it seems only SMC retarded insulin decline in dia-

© 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

betic mice. Further study is necessary to examine whether
SEC is able to repair STZ-treated pancreatic beta cells. On
the other hand, we found the dietary intake of SEC or SMC
alleviated body weight loss and urine output, as well as
markedly decreased plasma BUN and CCr in diabetic mice.
SEC and SMC are cysteine derived peptides, and may act as
precursors for GSH biosynthesis and subsequently upregu-
late GPx activity [7]. Our present study also found SEC and
SMC dose-dependently increased renal GSH content and
attenuated renal oxidative damage in diabetic mice. These
results strongly revealed that SEC or SMC could protect
kidney against diabetic associated injury. Furthermore, we
found that antioxidative, antiinflammatory, and antifibro-
genic effect from SEC were dose-dependent. Although
SMC did not exhibit dose-dependent protection, the intake
of this agent seemed also to delay the deterioration of dia-
betic associated renal injury. The results of our present
study once again supports that SEC and SMC, two com-
pounds naturally derived from Allium plants, are potent
antidiabetic agents.

IL-6 and TNF-alpha, proinflammatory cytokines, were
central mediators for the regulation of several biomarkers
such as c-reactive protein and von Willebrand factor [18,
19], which consequently contributed to the progression of

www.mnf-journal.com
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Figure 2. Plasma urea nitrogen (BUN, mg/dL), and CCr (mL/
min per 100 g body weight) in mice that consumed 0, 0.5, 1,
1.5, 2 g/L SEC or SMC for 6 wk. Data are mean + SD (n=15).
acdeMeans among bars without a common letter differ, P <
0.05.
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Figure 3. mRNA expression of renal IL-10 in mice that con-
sumed 0, 0.5, 1, 1.5, 2g/L SEC or SMC for 6 wk. Data are
mean + SD (n = 15).**®Means among bars without a common
letter differ, P < 0.05.

inflammation, endothelial dysfunction, and coagulation.
Thus, the suppression on IL-6 and TNF-alpha could retard
or alleviate inflammation and improve endothelial dysfunc-
tion. Our present study found that the dietary intake of
either SEC or SMC could effectively decrease renal IL-6
and TNF-a levels in diabetic mice. These results indicated
that these compounds are potent antiinflammatory agents.
IL-4 and IL-10, antiinflammatory and immunosuppressive
cytokines, could downregulate the production of proinflam-
matory cytokines such as IL-1 and TNF-o from monocytes
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Figure 4. Urinary level of albumin (ug/24 h) and type IV col-
lagen (ng/mL) in mice that consumed 0, 0.5, 1, 1.5, 2 g/L SEC
or SMC for 6 wk. Data are mean +SD (n=15). #“Means
among bars without a common letter differ, P < 0.05.

[20, 21]. Thus, the elevation of IL-4 and IL-10 from SEC
supplement as observed in our present study might contri-
bute to alleviate renal inflammatory stress. The inhibitory
effect of IL-10 on ischemic and nephrotoxic renal injury
has been reported [17]. Our present study found that SEC
treatments dose-dependently elevated mRNA expression of
IL-10, which indicated that the effect of SEC occurred at
the level of transcription. These results not only revealed
the antiinflammatory action mode of SEC on renal tissue,
but also observed the dose-dependent antiinflammatory
effect of SEC. Therefore, our present study suggested that
SEC and SMC could alleviate diabetic renal inflammation
via suppressing the release of IL-6 and TNF-a release, and
increasing renal IL-4 and IL-10 levels.

It is known that the TGF-betal is one of the key regula-
tors of ECM genes in mesangial cells. Elevated glomerular
TGF-betal level have been shown to make a significant
contribution to the pathogenesis of diabetic glomerular
lesions and fibrosis because TGF-betal could induce the
expression of type IV collagen and fibronectin in mesangial
cells [22—-24], and further caused renal dysfunction such as
albuminuria. The suppressive effect from SEC and SMC on
the mRNA expression of TGF-betal partially explained the
less production of TGF-betal, which consequently dimin-
ished type IV collagen biosynthesis, alleviated albuminuria,
and decreased BUN and Cr. The results of TGF-betal
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Figure 5. Renal TGF-betal level (ng/mg kidney) and PKC
activity (pmol/min/mg protein) in mice that consumed 0, 0.5, 1,
1.5, 2 g/L SEC or SMC for 6 wk. Data are mean + SD (n= 15).
abcdeleans among bars without a common letter differ, P <
0.05.

mRNA expression also supported the direct and dose-
dependent effects of SEC and/or SMC on renal tissue.
Furthermore, the suppressive effect from SEC or SMC on
TGF-betal production also suggested that these agents
might be useful for improving other fibrosis-associated dis-
eases such as liver fibrosis and cystic lung disease.

Our present study found SEC and SMC effectively sup-
pressed renal PKC activity. This finding partially explained
why renal TGF-betal level was reduced, and once again
supported that SEC and SMC were effective antifibrogenic
agents against diabetic renal injury. So far, downregulation
of TGF-betal signaling provides a useful therapeutic strat-
egy for diabetic kidney diseases. Since SEC and SMC could
effectively suppress renal PKC activity and renal TGF-
betal overproduction, these two agents may be helpful for
prevention and/or therapy for diabetic kidney diseases.
Further study is necessary to ensure whether SEC or SMC
could be considered as a PKC inhibitor.

Both SEC and SMC are hydrophilic peptide derivates
and naturally formed in Allium foods such as garlic; how-
ever, the kidney protection from these two agents was some-
how different. Apparently, the ethyl group of SEC and
methyl group of SMC played important role in determining
their bioactivities. Benevenga et al. [25] indicated that
excessive SMC consumption might cause cytotoxicity.
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Figure 6. mRNA expression of renal TGF-betal in mice that
consumed 0, 0.5, 1, 1.5, 2 g/L SEC or SMC for 6 wk. Data are
mean = SD (n = 15). %®Means among bars without a common
letter differ, P < 0.05.

Thus, the safety of SMC needs further study before it is
applied for human. On the other hand, Krest et al. [26]
reported that SMC content was 33—-487 mg/100 g fresh
garlic or 4—623 mg/100 g stems or roots of Allium plants,
dependent on the species or vegetation period. Thus, it may
not be appropriate to obtain these compounds by supple-
menting the diet with garlic or other A/lium plants.

In summary, SEC and SMC provided antioxidative, anti-
inflammatory, and antifibrogenic protection for kidney
against diabetic associated renal injury. These agents also
suppressed renal PKC activity and TGF-betal production,
which consequently decreased type IV collagen production.
Furthermore, marked dose-dependent effect from SEC for
these above functions was observed. The impact of SEC
and/or SMC on mRNA expression of renal IL-10 and/or
TGF-betal revealed that effects of these agents occurred at
the level of transcription. Therefore, the supplement of SEC
or SMC might be helpful for the prevention or treatment of
diabetic kidney diseases.
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