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Ultrasonographic Changes of Acute Renal

Failure Induced by Gentamicin in dogs

Gyunghun Jin
(Supervised by professor Jongtae Cheong)

Department of Veterinary Medicine
Graduate School, Cheju National University
Cheju, Korea

Abstract

Present study was undertaken in order to document early renal
ultrasonographic changes of gentamicin nephrotoxicosis and to show the
value of renal ultrasonography as a contributory means of early
diagnosis of acute renal failure in dogs. The experimental design was a
randomized complete block design with six treatments in two blocks (
gentamicin-treated & saline-treated). Acute renal failure was induced
by toxic dosage of gentamicin (30 mg/kg) and saline solution sham

equivalent in volume to that of the toxic dosage of gentamicin (1.5-3



ml). Subjective visualization of increased renal cortex echogenicity
(IRCE) was objectified with digital image analysis methods. Before
treatment, the renal cortex was visible as homogenous echoes that were
hypoechoic relative to the surrounding tissues, whereas the renal
medulla was anechoic to slightly hypoechoic. After treatment, the renal
cortex was hyperechoic relative to the surrounding tissue. Increased
renal cortex echogenicity was associated with significant nephrotoxicosis
and was superior to serum creatinine elevation in nephrotoxicosis
detection. Urine GGT was superior to other clinicopathological data
utilized in the diagnosis of nephrotoxicosis. Based on the above results,
Increased renal cortex echogenicity seemed to be of use in detecting of

acute renal failure

Key words : Gentamicin sulfate, Acute renal failure, Ultrasonography,

Echogenicity, Digital image analysis, Dog
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LA &

Aetotol e dal A5 ARz T2 AF T A Auwe
AL dodle Roz YA RAow, Mol Atgto] g Aetnjo)a
T 2~3uhe] gFoN, rato A= 12~60809] &FN N =40
T2 EH(Kosek 5, 1974; Whiting 5, 1981). £8 o] 5o 3 43 Al g4
Toll HAAPu G el T2 Adm A 5o M AEe =
T, OFTE WA, 231 falg gL Eabol Yebd ok (Kaloyanides 9
Pastoriza -Munoz, 1980). 4 HAx@ HAlAo= paAy T} R
T7h2 Aol AXt Z¥e BAth(Hagen-Ansert 2 Levzow, 1989). o]
2% Aetvlol el MY EXo g Frde AN YeyE 545
F At cH(Falco %5, 1969).

HEARD A A W ¥E gas 370 W37 e, Abg
o] %% duplex doppler ultrasonography ¢} color-doppler imaging & o] &
dted A% W oo zEe S48 (Steven 5, 1990; Harzmann$}
Weckermann, 1990; Platt, 1992; Daley %, 1994), A9l =27 W xo
HE ol 83t PGaA Hlm 2Hste, F4 AFHY Ade ¢85
(Normura 5, 1984).

Comparative B-scan analysis: ol 524} oj) 42t g4d 29 ojm =z
o AZY A4 st Y Fabo) g 49 54% Yehyesy o8
HAn, Y Holo A= AW F7) 9 VEE dz23719e] 43 was
comparative B-scan analysis& o] &3}7) 38 875 o Ak (Rosenfield
s, 1980a).

Platt 5(1988)& i E9 Ao ANAe o) AL % 97 n
XHAYG EY e $98 YU, yye = 2% X e 8ol
T SFEY 03 dAm, AN o) mye T7te AZ9 vigRe Y
Bt &k AlgolA 2 o= T oHg 2 AR Az wme Al
F Aol BE 24 FANS xz @ Ao ¥ -4 532
°] & % t}H(Rosenfield 9 Siegel, 1981; Price %, 1980).

Hiraoka 5(1996)2 A3 AFZgs g4 o] Fgo of Axn



D FE Axd AP VPN Py . P2y WAHE xeuyoz
BAHALS o, A dAe Ay A7)} 2HY.

AFHel 9 AF 715N 27 34 25359 B2, LZFZF7},
S R BEdw Fo] glow AmAe dmUol P4, AFEH e 7}
&, 8% AHF $=9 A L A z2H}H W So] Qo

Ao AP AL AT Ayt Hrd= g HF, 8
pH, 8% BUN % ¥4 creatinine ¥% %4 So| A1£51 ot 281
2% o NP JEEF 2 gamma-glutamyl transpeptidase(GGT)2 ¥ 5}
& ALY 3718 HEshs WEE AL AHGreco 5, 1985).

2 AT Aetutolde) oF FHARA A, FA ARAL 27
Aested 2ol ddyeldate Ags) vase 2STHE oL e AM
ozl VLA 7txg Lol %t



0. Ag 2 9y

1. 495 &

HUT2L AT 3~5 kg FF N 1258 M Bwo T34
%) febantel Al Al (Rintal®, &% vlold)& A7 Sojalq 722 A7) 3, 7K
AdZ TPAEE 1Y 18] FIANIT 2L A4 A7 WA 1393
dulAl&E A7 & Ayl AL

2. A9 ujx

d¥8e 7 3 657 =2 Table 13 2o A& AT 3 Fo 109
&< gentamicin sulfate 10 mg/kg# saline 05~1 mlg 19 33 zz =
A, 8 AH L AYE vy R Eq ol del AAdHon Eo o)

Ae 2SHHAE A,

Table 1. The experimental trials of the dogs

Group No. of dogs Drugs Dosage of administration
10 , IV, TID
Treatment 6 Gentamicin sulfate me/kg T
for 10 days
0.5-1 day, TID
Control 6 Saline ml/day,
forl0 days




3. A

1) 9334

Aebokoldl Sof FRE 2 A7x AYAe 19 38 BRIRA g
e F8 FHE 1SR, Y A FoolHol YPNL S Yo
2) 233 34}

Z2&% HAME Sonoace 4800HD(Medison, Korea)7?)£92 50 MHz
convex HHAE A83d, F AlU(master gain), Al A HA(time
gain compensation) ® tXZ(contrast)& $Y¥ P02 x5 AL
AU #H - A9 2z} 9F YW YIEL printer(PIOU, Mitsubishi,
Japan)& o] &34 F3slrt,

(1) 255 #9449

dYFEL FHNZ B F A2 249 23 Alo], wiAY =2 3
P gesHT 2ol $42 129 §39 29 23 Aol wiNY £ =71
Aol A AAEg o, Y ¥AE UEY ¥ YAAE W S50
2 9xA”AS

(2) AF9 27 &4
B2 92 239 WY (midsagittal plane, AFH)FEE st MG

Zolgt o] (FA)E, 9242 90° 3] A(midtransverse plane, & ¢ )4
A &3 ol 28 FA4ste A9 3718 Y tHFig. 1).
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Fig. 1. Ultrasonographic determination of the renal size in the four
measurements is shown in dogs. The measurement was performed
using electric calipers. Length was determined along longitudinal axis
of the kidney in the longitudinal section from the back. Depth 1 was
measured along the axis at right angles to the longitudinal axis in
the same section. Depth 2 was measured along the longer axis of the
kidney in the transverse section from the back. Width was measured

along the axis at right angles to the longer axis.



(3) A Aol oz ws}

1299 B Wshe Table 20) Aol ¥R, 2 % AP o zarg
2 BEste 28 sqo

2

Table 2. Classification of echo intensity

Grade Value Ultrasonographic evaluation
0 1 Normal, less than liver
I 2 Greater than or equal to liver, less than spleen
I 3 Equal to spleen
m 4 Greater than spleen

- Modified from ‘Increased renal cortical echogenicity in pediatric renal
disease: histopathologic correlation® by Brenbridge et al., 1986

(4) Digital image analysis method

3949 AAEe i ¥°] Medical Image Processing Unit
(Analysis 2.1 1995, Soft-Imaging software GmbH, Germany)g& ©] &3t
Ao v 2 R AmAe gy pixel gray-level& T38te] Az Ao o

248 4za

(5) 4% 2y 23

i
|\
ox
58
ki
]

Hiraoka 5(1996)°) <3 222 HEHAIA Alge] my
AL gy g

Renal volume = L x (D1 + D2) x 172 x W
L; length, D; depth, W; width (mm)



3) & AA

8<% 85 JHEE ojfsd 3 ¥ 1A oluel dip stick
(Combur-10 Test M, Boehringer Mannheim, Germany)& ©] 83t u)x
PH R 89¥Wg Halsqo

4) A A

e AYNozNE HYsn ¥ 2 A(EDTA-2K)7} H2)® bottle
(542}, Korea)ol B#std 2417+ o] o) AL AT H ¥ 74 (red blood
cell, RBC), ¥¥ T (white blood cell; WBC)= 8 7448 (hemocyto-
meter)& o] &3t ZAHsYT ¥ 783 (packed cell volume; PCV)e
microhematocrit method2 &3 o, 42 ¥ (fibrinogen; Fib)&
Schalm’s methodell &8t =A3slgict dx Z @ ¥ (total protein; TP)L
refractometer(AO spenser, USA)& o] &3t 2A31Y0}.

5) 4333 Ha

29 gamma glutamic transferase(GGT) HAhe 8% JlHgz Ay
o ZHZ2 1,000 rpmol A 523 9488y FE3de Ao HAA R
YECT2C)R B3 Qs L- glutamyl-3-carboxy-4-hydroxyanilide 7]
e ol &% y-GTP kit(o}4}, Korea)& o] &3¢ t}.

32 8L vacutaner tube(Sherwood, USA)e] &3t 4Co)
A A D7E 3,000 rpmoll A 1087 A 23 st F2de A A7
A WECTR2T)ERS st maye °|84¥ Urea N-E kit(9 %,
Korea)2 blood urea nitrogen(BUN)& 4591, Jaffe's modified A
HE °]8¢ creatinine kit(¥F, Korea)Z creatinine ¥ =& 233t}



6) =AWestx HA

A4 1044 F ZE U9 AL AdFAAY F 2Hse, ganoz s
Fatn AFe 2718 AL AFzZAL AR 10% A
formalinll 273 %] 2, paraffin Lo) WL wSo] HEE Q& % 3
Sdvuld oz #@stad, Table 30 o3 428 3o},

Table 3. Renal cortex histopathology subjective grading scale

Grade Renal cortex histopathology

1 Normal
2 Cytoarchitectural abnormal, cellular necrosis, or both in 10%

or less of proximal tubules within the sample

3 Cytoarchitectural abnormal, cellular necrosis, or both in 10%
or 50% of proximal tubules within the sample

4 Cytoarchitectural abnormal, cellular necrosis, or both in

greater than 50% of proximal tubules within the sample

Derived from ‘Gray-scale sonographic characterization of aminoglycoside

induced nephrotoxicosis in a canine model' by Rivers et al, 1996a

4. FA A 2

Zt T 109t ¥ 2 HHA AAE ¢ - testZ A9 n, z
T U e A7|9 A ZA B EE Duncan multiple-range test
g ol &3td, 1 FAMHe HZHH.



1. 98344

AEtoto] ] T FoM SEAZ9 Aaxzo) 64 A€ 698 F 4}
dollM B + AU, AY 1095 4vbe] o A H&o] £o A 386To)
M 2 368TE "oy ML ZA4L vy}

2. 25939 W3

D #5 A% do)9 wg

HEA% ol st Aevloldl FFoAN 498 105+33%2
AAA 71 BHod, 8UA 109+28%, 10UH 114+25%2 94
T S7HE YEHATH(P<0.05). HANPF FAZAME, 4UR 100+ 3.5%,
8UA 102128% L 10UA 102+36%2 o4 Y W A tH(Fig.
2).

2) $520%9 doj9 wy

Aol o] st Adetvtoldl RPN 4UA 106+31%2 A

g on, 1094 112153%2 AeAd4 Sz )
o4 e F7HE UEHY 494 FqRAME 4R 100+4.1%,
02+4.4%=2 Elytoi(Fig. 3).
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90 N N N N N
0 2 4 8 8 10
Time in days

Fig. 2. Mean length of left kidney versus time in days. Day zero
represents  baseline  screening  values. Statistically  significant
differences exist between values for the treatment group versus the
control group; The size of left kidney was significantly increased at
the 8th, the 10th day in gentamicin-treated group (*;p<0.05,
**,p<0.01). Values represent means * SD.
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Fig. 3. Mean length of right kidney versus time in days. Day zero
represents  baseline  screening  values. Statistically  significant
differences exist between values for the treatment group versus the
control group; The size of right kidney was significantly increased at

the 10th day in gentamicin-treated group (*;p<0.05). Values represent
means = SD.
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3) AN A 7o W3}

285 oA 24 Table 20 7128 258 A3, 29MAAE g
bR o, AEteto| Al S TN 4AMRE 1320512 o mare =i
b Eketl AT, 6 8UM 2040639 2840752 fol4 g
A F7H A 2 (p<0.05), 10 Aol = 3510542 o4 Qe ol @A 2
ol & X Hp<0.01).

45 r
4 b
3.5 F
3 F
2.5
2
1.5
1
0.5
o |

OTreatment NControl -

Echogenicity score

0 2 4 6 8 10
Time In days

Fig. 4. Mean echogenicity score of kidney versus time in days. Day
zero represents baseline screening values. Statistically significant
differences exist between values for the treatment group versus the
control group; There was significantly increased from the 6th day to
the 10th day in gentamicin-treated group (%;p<0.05, **;p<0.01).

Values represent means = SD.
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(BRI EEEE I N SRR TN PR SR fir FELIE UL BN, TR e
N N N . B -3 . . .

A i B

! CHIE S UL HW TR Tk g
1 - 1] .

C

Fig. 5. Sequentially obtained ultrasonographic images from gentamicin
treated group illustrating representative examples of subjective
renal cortex echogenicity grading scale. Each figure of sonographic
images, denoted A through D, left kidney and adjacent spleen
obtained on the same day of data collection. Sonographic images
in® A demonstrate grade 0. B demonstrate 1; C demonstrate 2;

and D demonstrate 3.
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4) Digital image analysis methodol 9| & AN A of 74 9 4

AR clzde] £4e Aevlo]dl TAFoM 0UA F- $NE 2tz
056+0.13% 066+0.06°01 M 4YA 0.82+0.073% 082+0.112 g UA
Z7k3k7] A1 2Heh A 3(p<0.05), 6U A 0.8310.14, 0.81+0.062.2, 84A <} 10
gA 0804008, 1.22+007% 112+0.07, 1.39+0.142 $J4 A= o) ZA
T EATH(E<00D. APNAF FAZo)M 0UA - 94 2 048+
0.13, 0.55%0.06914 104 058+0.07, 0.59£0.1022 Z7lsjglont, &9
42 A HFig. 6).

1.800

[ ——&—Treatment-Right Kidney ——@—Treatment-Left Kidney
1.800 P - -O- -Control-Right Kidney - =0 - Control-Left Kidney .
1.400

1.200

ratio
o
[=3
o

0.800

0.800

ROI mean gray value/pixel

0.400

0.200

Time In days

Fig. 6. Objective assessment of renal cortex echogenicity versus time
in days. Day 0O represents baseline screening values. Data points
consist of a ratio constructed from mean gray value per pixel in a
region of interest from kidney cortex, divided by mean gray-level
per pixel in from adjacent liver(for right-kidney ratio) or spleen
(for left-kidney ratio). Statistically significant differences for both
left and right kidney objective renal cortex echogenicity ratio
values exist between values for the treatment group versus the
control group (%;p<0.05, #**p<001). ROI : region of interest
Values represent means * SD.
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5 A% Ty Wz

C ¥ AF R, Aevioldl RAFM FE2uge 132%,
TRUFE 123%2 4 ARD F7HAn, P4 PS5 B 2oA =
A

X
o > o
2

145 b OTreatment NControl
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Renal enlargement
volume(%)
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(4]
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11
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105 v

Left Kidney Right

Fig. 7. Renal enlargement volume in four measurements determined

by ultrasonography.
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6) A9 25944 A7) AAA7) 9 H=

SEHALE AI717] del RE ¥ N AVE 2egAgoz 53
i, B Foll A7 2Hsd v Table 49 o] £
Fdel AAATIC vlH 2. 92 AF Holgh L 105~1082 AHo
T I8 B, FAE 090~0922 F& 94L veyg.

bu

Table 4. Renal measurement on ultrasonographic and actual size

Kidney Ultrasonographic size Actual size U/A ratio
Length 415+3.42% 38.7%3.42 1.07£0.06
Left  Width 19.7£1.30 187%1.30 1.05+0.05
Height 21.7%£1.73 2401173 0.90+0.06
Length 41.5x3.49 38.8%+3.10 1.07£0.08
Right Width 189*1.39 1752250 1.08+£0.09
Height 232%1.90 24.0%0.37 0.92+0.07

a); Means * S.D. mm

_15_



3. 8 HA

& HlF & Fig. 83 o] zAetutoldl S Zo A oY 1.014£0.00791) A
297 1.006-0.0022 Z4stichrl 494 1012400082 3 F7k8t7) A
Hated 1044 10164000622 4Y A} ge Szoz EA o,
T4 e Wate Bolx At WAHUF Ed oA 04 A 1.009+
0.007e1 4 29 1.005+0.0012 Z23Qc7t 4U A 1.010+0.0042 F 7t
Ao 8YAS} 109 100700048 1.005£00012 A 3 dasge
Y o4 de dstE Holx @t

PHE Fig. 9% 2ol Aetetoldl R Zolq 0UA 7.6+ 0550 A 49 A
75108302 Hadgon, 8UAS 10YME 651169 58+0830 2
A= E GEhlE fold Al ZASATHP<0.01). Al Fof F ol
A 09A 781061914 495 80+0660 2 S7HtA oY, s8R 10U A
81%027% 80103322 #2o4 gt wWat: YY)

29 FEE Aeulold BTN Ed gUARRY 65 = 45 A
30 mg/dt2 T E Bol: M BAES A zao 104 Aozl E}o}
olXl BFHF 6% F 4% oA 500 mg/de, 25NN 30 mg/dee) YWy E B
o ZE d¥2oAM deinrl BRYAY. AL FAZANE o
X T4E Hols AAZ A,
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—O—Treatment ={3=—Control

1.020
£
&
o 1.010
2
=
g 1.000
[
&
> 0.890 }
0.880 N N N N ;
0 2 4 6 8 10

Time in days

Fig. 8. Mean urine specific gravity versus time in days. Day zero
represents baseline screening values. The values of urine specific
gravity was no statistical differences between gentamicin-treated and

saline-treated group. Values represent means * SD.

=O—Treatment —{3=Control

9
8
L7
[}
£
56
5 .
*
4 N N N " N
0 2 4 (-] 8 10

Time in days

Fig. 9. Mean urine pH versus time in days. Day zero represents
baseline screening values. The values of pH significantly increase on
the 8th day after the administration in gentamcin-treated group

(*;p<0.01). Values represent means + SD.
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4. Y HA}

Asteboldl o} 7ok g2l 44 Toj2e YeAehAe] WBHE Table &
s 2o

D Y759 wg

Aetetoldl R ZoA 0YA 500477 10Yuee) A 2U A 480+82 10Y/um
£ #adte] 6YA7R 458+90 10wz A FadAx, YA 109 A
A= 524195 107/ue9t 528+68 10Yumz F7h Ao, Sy Q= wWsa
T Ut

BAHIT FATZAAN 0UM 465488 10YueolH 295} 551+84 10%/ut
=2 ST 49 A 489167 10V w2 A a2y 64, 8Y
A 23 10dACNE 505259 10%/u, 517435 10%u 12 1 556+ 42 10%
M2 St oy, fo4 e wEE gy

2) AYT 5o W

Aetotol 2l T Zolq 0UA 98083025 /i 2d A9t 4U A o)
10556 +2643 /ue 2} 10308+ 1605 /w2 7t ey, 10979 = 9516+ 861
/E PO, FA e g Ao

AT FAZAN 09A 7425+ 1908 /AN A 29 8500983 /ue
2 F748t7] Alarste] 49A 9791 +1955 /E F7F Qo 10U Ao =
9213£1925 /w2 O ZAHE Age EAAT, F94 e ¥3es g
A ct.

3) HYEF A9 ws
Aeotol . o Fol A 0 445%250%°01 4 29" 335+233%=2 7

£33, 1094 295+233%2 894 AA 28 THp<0.01).

_18_



VANGF TN 0Ux) 370£433%A M 29 A 306+1.00%=
Fastdort, 1094 342+366%2 St oy o4 e W g
At

4) 2 wz

Aetetol Al T 0UR 283+150 mg/deo] Al 29 A9} 4R 2z
383155 mg/de, 350+183 mg/dee2 Zr}atgicizt 89 16644 mg/de=2
SR 104 Al s 316+150 mg/de o2 tha] 7t ed, #9949l
Mie g
HAdF FAZoA 0UA 333+155 mg/deAN A 29 366111 mg/de
2 STt 49A 2331122 mg/de2 BAHAY. 6UH 383+61 mg/de
S2 S7HATE 1094 283+183 ng/deo 2 Tl gaste wse 24
AL, Fod de AdE gAY

7DL

Ly
LU

En
g

5) ¥y FdMFo wg

Astrtol Al S 2ol 0d A 672056 g/deol M 225 6.1+0.76 g/di =
Bl A2ste] 1094 61+043 g/dez G4 A A28 Ao (p<
0.05).

Bel g FATNN 094 651035 g/dool A 247 611063 g/di2
HESAAIE 6t 1094 621038 g/dest 6.2+0.3] g/dE Z713tgyg
ARt F4A e Wt Ao

_19_



Table 5. Hematological values of dogs according to the administration
of gentamicin and saline in days

Days Group N. of RBC WBC PCV Fib. TP
heads (10%/u) (/ut) (%) (mg/de)  (g/de)
Treat 6 500+77" 9808+3025 445+250* 283+150 670565
’ Conrol 6 465+88 7425+1908 37.0+433 333%155 65+0.35
Treat 6 480+82 10556+2643 335+233 383%155 6.1+076
? Control 6 551%66 85001983 30.6+1.11 366111 6.1%063
Treat 6  504%32 10308+1605 335*416 350*183 6.4+09]
! Control 6 489+67 97911955 328+311 233+122 58+037
Treat 6  458+90 9541%1191 346+177 250100 62+026
° Control 6 50550 9568+775 303+488 383t6] 6.2+0.38
Treat 6  524%95 94012015 328+188 166%44 6.3+0.33
° Control 6  517+35 90081458 326+4.00 233+122 6.1+027
Treat 6 528+68 95161861 295+233" 316150 61+043"
10

Control 6 556+42 9213%1925 342+366 283+183 6.2+0.31

T Time, 1); Mean = SD

Treat; Gentamicin treated group

Control; Saline treated group

A a, B! b; Significantly differential pairs( *,p<0.05, **;p<0.01)

-20_



5. AB3t33 A}

1) 8 39 GGT %9 w3

Aetotol ) R Fol M 0UA 45+132 IU/LSA 294 91+813 [U/L2
T4 de F7te Al &3t (p<0.05), 4U A, 64A, 8U4A L 10¢ANE
140£583 IU/L, 227+495 IU/L, 358+67.2 TU/L ® 4351243 [U/LZ § 9
4 e F7He YERATH(p<0.01).

YIS FAFANN 09A 37+139 IU/LAA 6YA 14+127 TU/LZ
HAAvht 8AA Y 10U A= 414458 IU/L9 30+56 IU/LZ wWgs
Eiou, fo4e A Fig. 10),

=O—Treatment —{J~Control

so0 |

2
3 300
=
<]
&
2200}
=
100 |
0 ; m
0 2 4 6 8 10

Time in days

Fig. 10. Mean urine gamma glutamyl transpeptidase versus time in
days. Day zero represents baseline screening value. Statistically
significant  differences exist between values for the treatment
group versus the control group; Urine GGT was significantly
increased from the 2nd day to the 10th day in gentamicin-treated
group (*;p<0.05, **;p<0.01). Values represent means *+ SD.

_21-



2) ¥3 BUNS w3}

Aeteteldl S 2ol 0UM 1694487 mg/deol M 20 R 121+ 446 mg/
de2 F23A7t 49 1974522 ng/dt2 718 AlRste] sAAS 10
YAl 3274658 mg/dl, 37.2%7.48 mg/d02 folA Y= Zste By
(p<0.01).

ReAH s FAZAM 0UA 1924388 ng/dedl M 295 14.6+56] mg/
A2 g2t 64A 2114628 ng/de2 Zbsgnh UM 10U A
A= 192310 ng/dest 168+521 mg/dez ZAsPoy oy e At
(Fig. 11).

50 o

~O—Treatment ~{3=Control

Blood urea nitrogen(mg/dl)

Time in days

Fig. 11. Mean serum blood urea nitrogen versus time in days. Day
zero represents baseline screening values. The values of serum BUN
was significantly increased at the 8th, the 10th day in gentamicin-
treated group (*;p<0.01). Values represent means =+ SD.
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3) A creatinine ¥ X9 W3

Aetetold T TN 0YA 07£0.36 mg/deol A 4Y A 0.9+0.11 mg/de
2 S7he7) Aateted, 69 154035 mg/de2 w4 UA Zbsrdc
(p<0.05). 8YA 2.26+1.04 mg/de, 1094 221085 mg/deZ o)A gl= %
7He YERATH(p<0.01).

AN FATZANE 094 071045 ng/deol A 4R 05+0.2] mg/
de2 ZastHvhrl 84 A 09+0.31 me/de, 10U A 0.7+004 mg/d 2 Z7}3t
AR FoJ4dL dATHFig. 12).

4.5 (

=O—Treatment —{0—Control b
4 g3

w
"

W
v

g
n
v

N
Y

—
(3]

Serum creatinine conc.(mg/dl)

e
2}

o

Time in days

Fig. 12. Mean serum creatinine concentration versus time in days.
Day zero represents baseline screening values. The values of serum
creatinine concentration was significantly increased from the 6th day
to the 10th day in gentamicin-treated group (*;p<0.05, **;p<0.01).

Values represent means * SD.
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6. AP tA w3z

Table 3% #o], 1A Ao zHdeieta SIF& Aenpolal Fo o
M 352053, HeNds BAZoM 1140408 YERA AT}

. 3.5
. |
[] o
S 3
P
S
2 27 1.1
3
[]
@ 1F
I
o 2

Treatment Control

Fig. 13. Mean renal cortex histopathology grade of gentamicin-treated
group were significantly higher than that of saline-treated group(*;p<

0.01). Values represent means * SD.
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V. 2 &

2EHE WRF Pa, ATHARE B2, 25359 Bas P An
d& Adsted sdold da4 192927 Y8 2942 Tgss A

-

AW eRxdeng Heln weax HIEEH oI, 4A Ao nlmyay
AR oluAE YehE o™ A m A t}(Sanders, 1975; Behan %,
1979).

Aol 2718 WetA ss Awo = A5 A (Silver 5, 1976; Dinkel
S, 1986; Johnson %, 1992), 84 Ax® AN Terrier 5, 1985), g x4
A4 (Boal 9 Teele, 1980), T4 A} A F(Chesney %, 1977), Gxc
(Segel &, 1984), W& (Hann %, 1981)&°l gz H3sm Q).
Dinkel 5(1986)2 34 4$41%0) AU faoq Alge FFE A9
2ol £ % FAE 343 B H S(1996) e E7 A A
# 2Eade debd A% a3v)9 wmey x5 A7 #9435 MHz
linear probe)ol A= %Z Ao Zo) Z m EFole HaAl @Yo vlatd
Fod 942(70-96%)S YErYoy, 2 (50 MHz convex probe)ol] A
T GE AR dolgt Ze Hul® 9AH105-108%) 2 YetiR 1, $AE
=¥ 98(90-92%)8 HArh APl AR probed] =43} At F9
Aol ols Ao oot Zo] ga Huyso] Mo Ro= Az,
e ndmdes Holt AWA: FAY wae ARTA AE
(Rosenfield &, 1978), 4 9 (Rosenfield 5, 1981; Hricak &, 1982), 34 A
=¥ HAHNormura ¥, 1984) L 414 & Z(Rosenfield s, 1980b) &
ol 9lth. # el potassium dichromate (Rosenfield s, 1985), E7|oA
glycerol (Gupta &, 1982) 2 7Ho)A ethylene glycol (Adams %, 1989;
Adams T, 1991) §& o83l HYHo2 FAE ASHPME )
A o2y Z717F gz ve A Hetton, gan oF w70
bestdth Ao 9d o zae]l ZigE e A5 o8 F4
Al itz d2lA AH(Brenbridge S, 1986). Rivers 5(199%6a) 74
o AEtvtolAl e T F software IBAS 208 o] &3 A A oz

L e
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o ¥ 3YAREH fo4 A wzdge BIHYY = A=
software Analysis 2.1 (Digital image analysis method)& o] &% A4
Azgel wse Aetvloldl FoFolA 4YMRE G0 4o YEtRt oo
BANEE Tl v Aetuiolal Bz e A = UAAA g, A}
mreldl £ A Aol @YoM AEtulold Bof 6AMBE mo)mAo T 2l
A o 24 (Grade 34)9 3718 B2E 4 AU Aehnio) Al 4% A
FAAAM A E oze MM Wit gt Rivers 5(19%a)e 2
o dAsGT Ty 2THAL Al AATA DAY A, A 7
AHE, A8 AR ZTeME A% A nodaYL ANAY [ 3
o clzAgol BERYstn WAlgo) FriEY xS AWol o o]
ol flezz 7 Age YgaM= A7 o] EastH(Walter 5, 1987).

Aetotol & X% aminoglycosidesd] 8 A A= AP A O A o 7} 5] o
MRS T8 pinocytosis FE|Z HE o) F559 lysosomed] =
=8, phospholipaseE o #3le) =|rALS FAANI 2, BHEEo] Aol
S ¥} lysosomeo] #AF o} & acid hydrolase?} W& 5o} A% U
AT EE BHstan, 2R HAE Qo= 7] A (Kaloyanides ¢}
Pastoriza, 1980; ©], 1988)el ¢j&} {u]%, pH 28 m sG] =3 W3}
g HEdG AAA MN AN 2% 55 1.0302Y & g HEe
e Rivers §(1996b)& zlElrlolal e Soldh AojM & mEe
1034914 10158 HaHez Zasnn sded, £ Agos Aeto}
oA AT AT FAF o] WOE W} o] WA W o]
A dststdth & F pHE AEmto)ldl R zoa Ay 8UA, 10¢A =
2tz 651116, 58108322 o4 UE FAE RAHp<0.05). 2ok
= 6F F 4FolA 500 mg/de2 @¥yn ZFAL BT ewF pH % 8
gHiRto g ARHE Jdsvlde e 9% 2H PGS @o] wo} o
F7b 00D Yztsn B g AL dip sticknoz: g3 T3
€ 548 5 U

oA o] Wske wfe BFHPon oled wale YA Bug
#E T oy, Aderteldog s 2R oA WYL Ho] Wiy
A 71 Rez AAsleiud. PCVE AEvlo)Al Bz 0Ux
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445%1250%0 A 1094 A 295+233%=2, TP= Aetotolal R FoA 0Y
A 672056 g/deoll A 1095 6.1+043 g/dlo 2 ZAAardle AYL HY:=
d, Age] &4 me 2¥Ae] RE Aetvtola e x&H ol Foq=2
A H4ZAYol o3 Aoz MYy,

GGT<= gamma-glutamyl?] & ©& peptidett amino-acido] o) e &
S2 A%l b3 ol EAst:, addE A, 2 WP P 2y S
A2 Greco §(1985)2 7He] AElvjolal FEojA g % gamma-
glutamyl transpeptidase(GGT)e ¥4 < A7s A, A Ao &
olatAl RZtetel AR A zy)Zde F83TT SdPon, FA4 AFA
Al #Z < (brush border)# Mx# BH] 5o 44 wBo 27 Agnd
4 A8 F GOTZF fr oA A F7Hettn g 2 Agoy & 3
GGTE == Aevtold FoAZolM 2UARE o4 Ys Z7t2 ud
(p<0.05), Greco 5(1985)9] A9} Yx sttt BUNS A Epfol Al B2
AM 8UA, 1044 2zt 3274658 me/de, 37.2+7.48 mg/deoz Aa) A
T FoT9 183+310 mg/deo] HH oA = =s1= B R H(p<0.01).
Creatininex= A Etvtolal FojFolM 8UA, 109A 2+ 22+104 mg/de,
221085 mg/dt o2 AANFF BT 09+0.44 mg/deoll vl oA
A= F7HE BATDHP<00L). oleig A= AEulolAle] A& o
web AgFolrt Moz AYHD Yee BAFm glon o A
Ateel 2Yd et A3t Houghton %, 1976; Spangler %, 1980).

oldel A#Hz nRo]l B o, FA ARAL xeH Ao digital
image analysis method2 ANl Z712A49 & 24 Awzy 7tA1 7} 287
o @ = on), 2598 ol4% ANW oaie] Wz FA AR
W2 Aed £ ANt 28eg FH ARAY 2r)Ade ol xo
el o] 8& JAH YA B golai A8Y 4 Qo ey
=3

- 27 -



A ARHE ADE] A% 289 899 A9 7422 2o 9
A Aol AEtoiold AEF L FUAN F Aol Yesy Wl A%
o HA dz:Fe BAIAYG. Aeuie)ld B F Aol Hol(112-
114%)9F #3)(123-132%)7t Z719S & & UAQew Ao Zoj= Mg
mheldl FAZAME SYARE A ASF T uE SN g =
7He BAtH(p<0.05). AEtntoldl S Zo e Aol 1y o mao] Ag
HET FATA val 4UARE Aolago)q noaAez WsE ny
on, 6UARE HYAH Y= W= B Ao (p<0.05). Digital image
analysis method& ©]8% ANHA o z4e AEtnto)dl T2 45
TH #Fod e ¥EE BRYo(p<0.05). a3 M E AElnto)d Boq
A pHZE o4 A& #AE BA (<00, YA HAFXE PCV, TP
Hag vetdlen, 38ty HAldlA GGT, creatinine 35 2 BUNE
242 2dA, 64dA 21 8AAMEH FoA YE WEE B YTHp<0.05).

olge Az 2EHAE ol &F AN oy WyHoz FAH AR
e ST 5 AAT. azjzz 34 AR A9 27A0d Qo] ze
ge] o] &2 YWzl HEo] golsA AHEE 4 goda Almg
=3
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Holl gentamicing #3F T3t fE FA AR A xSt u
StE B8] A3t B 4¥S AAEET MF 3~5 kg £ M4A
129 654 F 22 Yo 4PTolE gentamicin sulfate 10 mg/kg
2 3 Fol A b4 10¥ B¢ FAEYT, dERFoE AYZ £A%
Etofol 5}t FUF 49| salineg T3t AR A Age ¢ st
3 #, 8234 YA 2 GGT, 3 BUN ¥ creatinine 358
A, 49 T8 F A% Pty 20 #FEY gz
HEL g FF3H FHzA vate AHolaAL BYD, ASE o
A WA= 3 AHolmdg B Hd, AYFME AgAo] Ao A
AN o2 Foz +AL Folagds ndzgoz AYse Hils »
ot Digital image analysis methodol & 2l3j @ 9] o) IAE 49 ) HE
T4 de F7HE B A (p<0.05). ERFAAE Ao Zole wWa}r}
e v, dYFAME gentamicin F ¥ FaAL 8YAEE, SAL 10
AAFH Zol7t FA UA F7HAHP<0.05). 2 &HdAe) Yebd A%
o A7 B F AFe HAAAVE HIPS W 2SN AR

¢
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oo} 2o AAzvng A 2(105%~108%), T2 FUTHI0~92%).
4dT9 8 GGT At 59 ¥ 29ARH 4 A 2759z
(p<0.05), BUN <& o F SUARE Fo4 UA Z7tstdx
(p<0.01), creatinine = FXe £ ¥ 6YALH K4 A 27151y
TH(p<0.05). ol Az Aol F4 ARA A JAWHA 2 2o

S o1 8T AF9 A9} a3y WIS FAHE Ao 27 Ado] s}
Tt AR E

Ao} 1 detvtoldl, 34 ARA, 287 A m4, A
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