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The Effects of Prunus on Diabetic Nephropathy Rats Induced by Unilateral
Nephrectomy and Streptozotocin

Nam-kyu Kim, Jae-seon Oh, Sang-yun Jeon
Dept. of Internal medicine, College of Korean Medicine, Dong-Shin University

ABSTRACT

Objectives: Diabetic nephropathy is the most common cause of end stage renal disease. Transforming growth factor
(TGF)-B1. type IV collagen. advanced glycation end-products (AGEs). and angiotensin II type 1 receptor (AT1) are the main
factors of diabetic nephropathy. We investigated the effects of Prunus on renal function and histopathological changes of
diabetic nephropathy rat model induced by unilateral nephrectomy and streptozotocin.

Methods: Diabetes was induced in male Sprague-Dawley rats (29010 g) by injecting streptozotocin (55 mg/kg) into the tail
vein after unilateral nephrectomy. Rats were divided into 3 groups (n=6): normal, control, and Prunus. After 8 weeks of oral
administration of Prunus extract on the Prunus group from 3 days after streptozotocin injection, we checked weight, 24 hrs urine,
blood biochemistry and renal tissue to evaluate renal function and histopathological changes by examining parameters including
albuminuria, BUN, creatinine, cholesterol, low density lipoprotein (LDL). triglyceride. TGF-B1. type IV collagen, AGEs. and ATL.
We also measured mRNA expression of TGF-BL. type IV collagen, AGEs, and AT1 by Real Time polymerase chain reaction (RT-PCR).

Results: Prunus decreased the amount of 24 hrs proteinuria, and inhibited histopathological changes of diabetic nephropathy
including the expression and accumulation of TGF-B1. type IV collagen and AGEs which could promote development of diabetic
nephropathy. Prunus also inhibited mRNA expression of TGF-B1. type IV collagen.

Conclusions: These findings suggest that Prunus might protect the renal function and inhibit the development of renal injury
by regulating factors including TGF-BL, type IV collagen, AGEs, except AT1, so Prunus can be used for diabetic patients to prevent
the progression of diabetic nephropathy.

Key words: diabetic nephropathy, Prunus, unilateral nephrectomy, streptozotocin
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1. % %

1) Al ok

E Aol AR 9fAel B (Prunus persicae
semen)< FAIH S L B4 P (Mokpo, Korea)

o T e Bk At

280~300 g9] 471 Sprague-Dawley rat(Z%Al
5=, Korea)= 513k Al9] cageoll A 40~70%
% A 1227 vt dte] wdEE

Ag A 1597 ARt 8718 A

f=8 =] T
‘IL +5e AHrEA FFskdH(Table 1).

Table 1. Composition of Experimental Diets (LabDiet
5002C33)

Protein 20.1
Fat (ether extract) 4.5
Fat (acid hydrolysis) 5.1

Ingredient (%) Crude Fiber 4.6

Ash 5.8
Calcium 0.80
Phosphorus 0.60
Gross nergy (kcal/gm) 4.04

3) Ak 717

ubajeke]l AL wuw G54 streptozotocin
(Sigma Chemical Co, USA), 5Ev}3A) (zoletil.
Virbac Laboratories, France)S AH&-8}ich.

AR Az 2 A 23 SAE A AHE
71715 rotary evaporator(Model NE-1, HEH/ L&
A &it, Japan), %é%ﬂéﬂ(l\/lodel FD-1, s
feEREit, Japan). E9547](SureStep, LIFESCAN
Inc, USA), high-resolution camera &-2 33+ &n|A
(Olympus BX-50, Olympus Optical, Japan), MetaVue
(Molecular devices, USA), AA7F 714} £-437](StepOne
real-time PCR device, Applied Biosystems, USA),
A3 v 224 7] (GraphPad PRISM statistical



package(ver 2.00), Graphpad software Inc, USA)
£ A3k

w22 3}8tgAS 918ted bovine serum albumin
(Sigma-Aldrich, USA.), 10% normal horse serum
(Vector Laboratories, USA.) vectastain ABC ELITE
kit(Rat IgG)(Vector Laboratories, USA) S AH&-3}
AL o] o AR8-3F Z47e] primary antibody FF
= TGF-B1< polyclonal rabbit anti-rat TGF-B1
antibodies(Santa Cruz Biotechnology, USA), Type IV
collagen= Goat Anti-Type IV Collagen(SouthernBiotech,
USA), AGEs= Anti AGE Monoclonal Antibody
(Clone No.6D12)(TransGenic Inc, Japan), AT1<
Rabbit polyclonal Antibody(abcam, USA)E A&
3l9l 2™, secondary antibody= biotinylated Anti-
Mouse/Rabbit/Goat IgG(H+L) made in horse(Vector
Laboratories, USA)E AH&-3}ich.

A 44 Ao M e RNA ¥l Mini RNA
Isolation TTM(ZYMO RESEARCH, USA)& o]%
sfolom, f44 L 9lsked SYBR” Premix Ex
TagTM(Takara, Japan), ROX(Takara, Japan)S A}
4351 3, FAAL A4 53 (Reverse transcription
RT-PCR)= $I3}
StepOne real-time PCR device(Applied Biosystems,
USA) 8} StepOne Software(Applied Biosystems, USA)
£ o] &3kt

polymerase chain reaction

2. H ik

1 AA S Az

23 1000 g9 BRI 1,500 m1e) 80% ol b2l
Y3 heating mantles o]-8-3Fed 2A17F 53 71
Z3la J3}3F oJBS 500 ml Sek~F o) applicatorS
o] 438lo] W & filterz AW} ZAl ofz}oy
<+ rotary evaporator® 74t w53 & A2
2 AzAZAY 54 2" o FEES A2l A
Basheh e HE e 9.0%(90 g) Ak

2) FuHA AEE TE 299 Azt

A7 7+ mpA &, goletile 1 ce/kg 9 ratd]
n A 5l FASte mpH A wHE rat

o] $AERE Al 5 RS xE3AA F
A, AAY, & 2 #E TR FE oS
5 S AAEE AR A NEre
Al aE shell A RS st AAE =27
Eoz WA7|e 3 A ojust FA}
4%

9 Zrdeuk-e 98 ampicillin(150 mg/Kg) &2
T3kA A shodvt 5 A4 AAl 1579 F pH 45
9] citrate buffer(2.5 ml/kg)ell ¢l streptozotocin
< rat®] 7] AN E3) 55 mg/kgd] S0 13
F ekl et Wb AR citrate buffer(2.5 ml/kg)
WS rate] we AW oz FAlslelch

o] el g 2halslr] S8l streptozotocin
A Al 39 & rato] meE|AWelA] AL AFH
gto] HGSATE o] &3l dAdE A3
243 dvto] 300 mg/dl ©]AHQ ratihe £ A
o AHE-3hdHt

3) AP A 9 A+ FA

2 A7y AREe 74 3 R AT
(Normal group), ®Z=+(Control group), B~ %
o3 Z(Prunus group)?] 3722 o] 233l

A2 streptozotocin $he] citrate bufferit<
Ao FAe A, AF717E F9 oW GEE R
kA ot} Wl 272 streptozotocin Tl 39 &
243 dvdo] 300 mg/dl o]AFel rate diAto R
A7717F <t insulin o $lo] streptozotocin F-oF
39 FHE AHAES 5 ml/kegshe 852 AT
Fo3slde}, M- Fol S streptozotocin T 3Y
% =A% dddo] 300 mg/dl o]Ael ratS WAL
2 d37|7F &9 insulin £ $le] streptozotocin
Fof 39 FRE B FEES A e
ste] 500 mg/keS] £ 2 zondeS o] &3t 1Y
13] A4=2 8 F3F T3l
4) gAsx £A4
AGAR 8 FA v FBof o rat®] AR

A AMFste] A glucose, albumin, blood urea

521
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nitrogen(BUN) % creatinine, total cholesterol, low
density lipoprotein(LDL) cholesterol, triglyceride
(TG) 59 Aststy BAM & Ald)stedth

5 AZF P 24A17F S wl é%‘: 23

A FL streptozotocin 5 = .
streptozotocin §-o] 49 HE ’%‘ﬁ %“E"]”V] 15
o 7HAo 2 ZA3INT 24A17E Sk wjAdEke
=22 streptozotocin T 8F Aol rat& metabolic
caged| W 24X 7 Fot 2¥ES £A%tY A
Aol gHfEollE Gl Fs SA A

6) A& AW A 7}

npR ek FoF ohid AFE A A F
rat®] FHAAe| Blsg FEeol 0.05 M phosphate
buffered saline(PBS) ¢} 4% paraformaldehyde(PFA)

< perfusion pumpE °|-§-8ke] FSiste] AlAke] &
= Ao gloiA w7tA] JFAIF. o] F FHS
Ae AAE 0% F4 ¢45 T2 L9
Astar 70%, 80%. 95%. 100% ol ek-Lol 2} 2
7b &7 o gkl S 2ot se
=5 =9 ©] & microtomes ©]-&38}ed 4 pme)
AR 2 ARAZAL #Aoz A3l gelatin
coated slideol] HZAZ e oA ez 24
AHEE A Q9L 918 xylened] H7} FetA &
ANAs, 100%, 95%. 80%. 10% <l &t-g, ZFF5oll
A 2 271 A 43Hrehydration) Al e A43E
ZA€ hematoxylin and eosin(H&E)Z A &}
Fersn) 7 slol M H5FE|<} 9245 high-resolution
camera ¥-2 B3} Hn|7E o|-8-3te] 7p7he] A
S Aol ol AAH oz A Y-S B3
AFEA HARA g 71" 0 BAA R HIME o]
o]z B 2z 729l MetaVueS o]4sle] =3
—5]_93\\:]. le—o]i 77— rat\:]- 107]],] /‘x]——,—xﬂe A«]Z%
shed TR Y oA A} HAK S 7] -] AAH pink
Ao gk RGB%E shtatst AFataks f™sta
AZA 7)5E o) &dte] AbTAl IFuHE AHE
$ A7) AREA el A H AR g 7] A o] A}
H&S TS AAEY
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7) Transforming growth fasctor(TGF)-B1, type
IV collagen, advanced glycation end-products(AGEs),
angiotensin I type 1 receptor(AT1)e] Hz2] 3}
&4

TGF-BL. type IV collagen. AGEs, AT1el =gt
BAL 4 ime FAY AAZEAS gelatin coated
slided] EFA)7] & xyleneel| 97} skebAS A A
32, 100%. 95%. 80%. 70% oletE, ZF4el 2}
g2 97} A 453 (rehydration) A1 AT 1% Hy0s in
methanolell 15%7F ¥H&-A17] % 1% bovine serum
albumin®} 10% normal horse serume &3§3}e] Wt
£ protein blocking agenti 2Ry (A7HES
HH oFstaeh. A3k 2 blocking agent®] %] 24

< AA slideAdt 2AA A s dsl= 22| primary
antibody® #5383 A-2eA overnight AlZ+h
50 mM PBSZ 33 M43t 3 secondary antibody
o} A7 E3t wHSAI A BHA] 50 mM PBSE 33
A48 & vectastain ABC ELITE kitE #5312
1A7F 5t wH-A1#E Diaminobenzidine(DAB)
£ o]L3le] ZMog QYMF T hematoxyline =
Nz gAast & Z2F4 70%, 80%. 95%, 100%¢l
e xyleneell 2 2 @7} &3} (dehydration) Al
7)3 permount® mountingdte] ZFE e} A=
high-resolution camera %2 3338 &n]7& o] &3}
o] Z47+e] HAg A A

0]31“5’]- ;]-Z‘] o7 04.2_ 03*]—.9_ o]u]x] H}\-] xzF
Tl MetaVues o] &3ty A 3lqid. F29=
7t ratd 10709 AMEAE AAE HAE 94
AW TGF-B1. type IV collagen, AGEs, AT1
g A o3k RGBRES] shakatat Abakzt
gl g 75 o4t ARA OF
& AEEE & A7) AR el A A3
£ WEEE AAsg.

8) A1 22| A ¢ RNA £

opAl et of vhid rate] 53"“ Apgst BM4
Holg Aol A ZHH‘} ¢ #FE AP
o 5 AEA F "1'°}9\l }é ARE AR



sto] AAG FE A4S A8LAE Y-z 15
mg¥ Fe|3le] A& tubedl] WL o37]o] ZR
RNA buffer 300 pl¥-& ¥F38 o+ homogenizer
5 o] &3] A S B 2HE 24 &
7] tubeS 1,000 rpmellA] HAIREE & Alzd S
Zymo-Spin Il ColumnOJ] 2712 ©]Z 2 ml collection
tubeell 22 oh2 2,000 rpmo2 &7 94 £
shoich Column‘ﬂ] RNA wash buffer 350 ul& #5
st 187 A E st 23] AlAE £ columns
1.5 ml tubeell $7 %2 & RNA-free water 50
e EF3bo] 1,000 rpme 2 LA Esle] HE
HoF RNAE F73ted A7) A7kA] -70 C
of B33l

9) Transforming growth fasctor(TGF)-B1, type
IV collagen, receptor for AGEs(RAGEs), angiotensin-
converting enzyme(ACE) % angiotensin I type 1
receptor(AT1)2] real time %141%H-5-(Real time
polymerase chain reaction, RT-PCR)

TGF-B1. type IV collagen RAGEs, ACE ¥
AT1¢] mRNA ¥&E real time FAFI-&S
o] -§-3}e] zﬂf}“‘:} Ao deA FEE 1 ng-4
RNAdl PCR buffer?t 5 mM< MgCl, 1 mM<]
dNTP, 20 U RNasin, 2.5 M9] Oligo(dT), 100 U
mononey murine leukemia virus reverse transcriptase
£ &8st 42 TolM 50 &, 70 CollM 1524 ks
AFe AR B3 delAl 42e] complementary
DNA(CDNA)‘H] PCR buffer, SYBR® Premix Ex

o™ ROX, primersE &3§3}o StepOne real-time

PCR deviceE o]§-3te] AFERS-E A3t
A E3ht3-2] A 2% (annealing temperature)
08 TE Algsadet. o]ite] A& B3 deiAl
A= StepOne Softwares ©]8-3ked 77| threshold
cycle(CT)NM S SIS Astslglom, GAPDH
of g oz FAE s 12 3kl
relative quantitation(RQ) %22 Z A3t}

10) SAEA

EA8H v 2842 GraphPad PRISM statistical

packageE °|&3F3th 2 #7He] W]AE one-way
analysis of variance(ANOVA)el ©]e] Tukey’s post-hoc
test2 A AF3MAeh A A= H4rEE
HaHmeantS.D.) 2 ZEAstG o, of AA #9
S (Two-tailed p value)®& pakel <0.05 54 o

2 7132z 3o
m. # £

M E 3 24A|17F QU HiEL0| O|X|= HE

zﬂ%i 85 ol A2 396.85+30.16 gell ®]3
2ol A 186.00420.90 go 2 SoaHA 7Hastel
oHP0.001). Bk~ Fod el M 192.00+23.59 mg/dl
2 gzgel wa ks od AR $o4
< $1%icH(Table 2).

UANZE xbl i Zgo N 8FAS AT
19.5946.49 mg/kgell B3| Wzl A 137.7584.81
mg/kg 2 2 FoI3HAl 718 AL (P0.001), K~ &
o] | A= 854 36.36+19.20 mg/kg o2 o 7ol
Hl8 foletAl 7FAskdoH(P0.05) (Table 2).

Table 2. The Body Weight and 24hrs Urinary Protein
Excretion of Each Experimental Group

Normal Control Prunus

(n=6) (n=6) (n=6)

Body weight (g)
8 weeks 396.85+30.16 186.00£29.90*** 192.00+23.59

Urinary protein excretion (mg/kg/day)
8 weeks 19.59+6.49 137.75+84.81*** 36.36+19.20%

* Significantly different from the normal group (*** P<0.001)
# Significantly different from the control group (# PX0.05)

2. 93 dslol FMA A[HESC| B 0|z I

Glucose(P<0.001), BUN(PX0.001), creatinine(P<0.001),
total-cholesterol(P<0.001), LD L-cholesterol(P<0.001),
triglyceride(P<0.001) = A=l Blal] 2ol A
fo8 2718+ 3, albumine ALl vl&) o
Z7oA o3l A3 THP0.01). Creatinine>
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Wi etz Azgel a1 54 B

3, 0|99 &4 FFNME M- FAEH HE2ZAL
olollr] fLJgt 2jol S vieRHA] ¢ eHP0.01)(Table 3).
Table 3. The Blood Chemistry of Each Experimental

Group
Normal  Control  Prunus
(n=6) (n=6) (n=6)

Glucose 193.66 1014.00  1005.66

(mg/dl) +49.77  +90.36%**  £95.99

Albumin 2.38 1.86 1.92

(mg/dl) +(0.08 +(.22°* +0.08

BUN 24.05 60.23 63.85

(mg/dl) +1.33  £6.00%*  £14.76

Creatinine 0.55 0.71 0.63

(mg/dl) +0.05 007 +0.05%
Total-cholesterol ~ 77.00 147.83 128.00

(mg/dl) 654 £35.96"*F  £28.72
LDL-cholesterol ~ 9.66 15.16 11.83

(mg/dl) +2.06 +3.43%* +4.75

Triglyceride 77.66 1210.66  1054.67

(mg/dl) +20.60  +423.34***  +360.18

* Significantly different from the normal group (** P<0.01,

**FP0.001)

# Significantly different from the control group (# PX0.05)

3. Aol x| Hz|sx
AL A

capsule) 3 W7t

cell), A&A+
+ A3

(space) ©]

HH2tof

ojxl=

o AFA1 ] =719k B9wt® =K Bowman's

A% 218 ki,
L9 o o AFAAS) W] E

3| A 3 (visceral epithelial cell),
¥ (mesangial cell) 59 M E% = (cellularity)

(endothelial
), HAFA]

7F AR A& fA3k $lA, 7141 2H(basement
membrane) 2] ¥]$} #AFA]E 7] (mesangial matrix)
S E33 A £ 714 (extracellular matrix, ECM)
o] Aot FH o] RAFA Adgtom, A 27

1o

ZA el A43h 9 57 sl

27 M= w|ekA (diffuse) & AFA] w] 32}

g7 o]z
™, 29H

01\‘_, lOEl
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2

2 olsh Hemky Wrke] &4t HEEq)
AREA| o] M =
(capillary lumen)2] &4¢} A v AlA]&

EAEE

M

Ratoll o|xl= H&

o s}
SRR

202 Qg EUES Z7P7t Hed.
NS 23S AxY 7149 3

Bt
F717F Azl vl AR AEUE
AR Al SA o= ol
o vl& 2 A7} dAF) okt
A EE 94 efzke] w37} gl o
2 H]f&'& 7‘3,5‘; A5 T 9T WA

rulo

/;1

R AT 24 17
= A
Slatstont oz
=8 ) 2,

AES 7140 A% ZHe B

AE 9o, °l oﬂ)‘l 2ol wls #A8] Wb

s
d AFEAI A WA R 7]- o] AA B
o]m] 7]
A9 10.13+2.62%°1
0.17%2 913 F71Fsk 2(P0.001),
o] Foll M 238427.44% 2 2ol nle] A
Z4 A 2345 Jeplsioh(P<0.01) (Fig. 1).

71817 ¢
H]&
THZE IS o8t AT At
Hle dzFel M 3893
M- &

HAA 5 71 e AT

Fig, 1.

Morphologlcal proflles and morphometric
studies of the kidney cortex from the rats
with diabetic nephropathy experimentally
induced by streptozotocin.

(A) Normal group, (B) Control group, (C) Prunus
group. Original magnification x200. (D) The proportion
of mesangial matrix area within glomerulus (% of
positive area).

* Significantly different from the normal group
(*** P<0.001)

# Significantly different from the control group
(## P<0.01)



4. Transforming growth fasctor(TGF)-B1, tadvanced
glycation end-products(AGES), angiotensin I
type 1 receptor(AT1)2| HAZZEl SfStAKO|
#3tof| DXz F&

AFFA o A9 TGF-BL, type IV collagen, AGEs,
AT1S A =E Hrlelr] 918 2449 45 o
g x| st gl oju]x] EAS At

AFFA TGF-BL o A A7) 591+
3.72%° vls] S2FNAM 22.1045.01 %2 F-2]3H)
2713 (P0.001), K~ FodZell M 16.14+5.98%
2 izl vlsl felebA ZRaskle(P0.05) (Fig. 2).

| Narmal Cantrsl Prans:

Fig. ‘2. Effects of Prunus ‘bn renal trnasforming growth
factor (TGF-B1) expression in streptozotocin-
induced diabetic nephropathy rats.

Original magnification *200. The proportion of
TGF-B1 positive area within glomerulus (% of
positive area).

* Significantly different from the normal group
(% P<0.001)

# Significantly different from the control group
(# P<0.05)

AREAIM type IV collagen FA] WA AA-S]
5.15+351%¢1 Bl s 2Tl 24.12+3.310%2 §-2I8k
Al Z7F1A3(PO.00D), B FedTellM e 13394452%
2 izl vl 23 RAstAeHP0.05) (Fig. 3).

AR AGEs®] o WA AT 6.76%
2.21%¢ wvle] HzFolM 23.4645.79%=2 +2]5HA
Z71sbd 2(P0.001), M= Fodell - 11.93+4.52%

G R

i ki - g

L T T T — LY
2 £

Narmal Camtral Frun

Fig, 3. Effe

cts' Bf'PrunuS on renal type NV collagen
expression in streptozotocin-induced diabetic
nephropathy rats.

Original magnification x200. The proportion of
type IV collagen positive area within glomerulus
(% of positive area).

* Significantly different from the normal group
(*** P<0.001)

# Significantly different from the control group
(# P<0.05)

T R 7
S .’;;-.
- A

o

MGE pesithvr cellh (" of glomeorahun

L Normal Contral Prinu:
Bt

L-4.kéf‘rects of 'Pr'unus on renal advanced glycation

end-products (AGES) expression in streptozotocin
-induced diabetic nephropathy rats.

Original magnification x200. The proportion of
AGEs positive area within glomerulus (% of
positive area).

* Significantly different from the normal group
(% P<0.001)

# Significantly different from the control group
(## P<0.01)
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A ATLE) o34 WA AR 524238%
of wlg] BxFlM 2331£7.R2%Z o5 S}
3Fd 3L(PC0.001), Bk Fo el A= 18.58+7.98% 2
dazel W gasider FANH fo4e

WA (Fig. 5).

ol
A

Fig. 5 Effect‘s' of Prunus_on renal Angiotensin 1l type 1
receptor (AT1) expression in streptozotocin-
induced diabetic nephropathy rats.

Original magnification x200. The proportion of
RAGEs positive area within glomerulus (% of
positive area). Each column represents the mean=S.D.
* Significantly different from the normal group
(* P<0.001)

N.S. @ No significance

5. Transforming growth fasctor(TGF)-B1, type N
collagen, receptor for AGES(RAGES), angiotensin-
converting enzyme(ACE) % angiotensin 1 type 1
receptor(AT1) F&AL W&iof O|X|= Hst
TGF-Blel gt EAoN 2E 12 A

S o AALAME 059+0.149 2 (P0.01), Bk

o] oA E (.76£0.142 B 2Tl vlE §-2)817

7+ 231 eH(PL0.05) (Fig. 6).

Type IV collagendl] W3t EA oA dj27& 12
AARE W AATAME 0.64+0.14932(P0.01),
B= Fol ol AE= 0.80£0.182 2ol vla] £-9
A 7 Askd oH(P0.05) (Fig. 6).

RAGEsel gt 542 48 EAoAM 2

526

Ratol olxl& g&

12 AR S o AAdzAME 08420.0951 3 Bk
oo A= 09320122 Azl vl f-2l8t A
ole WZHA AUH(Fig. 6).

ACEell digt 47k wd $AeM x5 12
AR o AATAAE 03920199 3(P<0.001).
B Tl el Me 0.86£0.192 o 2l sl #-2
T Abele AEHA At (Fig. 6).

ATIA A& AR EE BN dz2ds 12
AARE W AT 0.6240.099 2 (P0.0D). B 5
o Zell M e 08620132 dzel Hls) ol A
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Fig. 6. Effects of Prunus on expression of Transforming
growth factor (TGF)-B1, type N collagen,
receptor for advanced glycation end-products
(RAGES), angiotensin converting enzyme (ACE),
angiotensin 1l type 1 receptor (AT1) in the
renal glomerulus.

* Significantly different from the normal group
(** P<0.01, *** P<0.001)

# Significantly different from the control group
(# P<0.05)

N.S. : No significance
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