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Assessment of Renal Function in Silicosis with Urinary N-acetyl-f-D-glucosaminidase
Activity

Hoo-Rak Lee, Don-Kyoun Kim, Su-lll Lee, Byung-Mann Cho
Department of Preventive Medicine, College of Medicine, Pusan National University

Wha-Jo Kim
Miryang Youngnam Hospital

To provide the basic data for assessment of renal dysfunction related to silicosis, urinary N-acetyl-
B-D-glucosaminidase(NAG) activity known as a sensitive markers for early renal damage were
measured in 58 silicosis patients, and control subjects of 40 pulmonary tuberculosis patients and 51
official workers.

The results were summarized as follows.

1. The values of blood urea nitrogen and serum creatinine in all subjects were within reference
limits. But the mean value of urinary NAG activity(7.25+7.31 U/g creatinine) was beyond reference
value and more sensitive test than others.

2. The mean value of urinary NAG activity in silicosis group was 11.98+9.05 U/g creatinine and
significantly higher than in tuberculosis and healthy group(p < 0.01), but the mean values of NAG
activity in tuberculosis and healthy group were not different(p > 0.05).

3. The value of NAG activity in tuberculosis had a tendency to be increased according to severity
of disease, but that was not significant(p > 0.05). The value of NAG activity was increased
significantly by use of nephrotoxic antituberculosis drugs(p < 0.05).

4. The value of NAG activity in silicosis had a tendecy to be increased according to the size of
nodule, use of nephrotoxic antituberculosis drugs and shortness of onset duration, il‘)ut the increase

was not significant(p > 0.05).



5. After excluding the users of nephrotoxic antituberculosis drugs, the mean values of NAG

activity in healthy control and in tuberculosis control were same as 3.63 U/g creatinine and 3.60 U/g

creatinine, respectively. But the mean value of NAG activity in silicosis group was remarkably

increased as 10. 90 U/g creatinine(p < 0.01).

As above results, even though there are no abnormal finding in screening renal function test,

silicosis can be related with renal dysfunction. And it will be very useful to apply urinary NAG

activity in health management of workers exposed to dust.

Key works: silicosis, N-acetyl-B-D-glucosaminidase activity, renal function.
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Table 1. Distribution of subjects by age
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Age group Silicosis Thbe control Healthy control Total
20~29 6(10.3%) 13(32.5%) 10(19.6%) 29(19.5%)
30~39 7(17.5%) 16(31.4%) 23(15.4%)
40~49 5( 8.6%) 7(17.5%) 20(39.2%) 32(21.5%)
50~59 19(32.8%) 9(22.5%) 5( 9.8%) 33(22.1%)

60~ 28(48.3%) 4(10.0%) 32(21.5%)
Total 58(100%) 40(100%) 51(100%) 149(100%)
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Principle of the measurement of NAG acitivity in urine
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Table 2. The values of renal function indicies of

subjects

Variable No Mean+S.D. Range

BUN(mg/100ml) 112
SCR(mg/100ml) 112
NAG(UM 149
NAG(U/g creatinine) 149

13.36+3.43 2.00-19.80
0.93+0.53 0.40- 1.90
6.84+7.04 0.50-52.30
7.25+7.31 0.62-44.07

BUN: Blood urea nitrogen

SCR: Serum creatinine

NAG: N-acetyl-#-D-glucosaminidase activity

NAG: NAG divided by urinary creatinine concentration
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Z 1B NAG 24 x| (U/g creatinine) 9 H# X =
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#oleldo g BPsa] ¥& NAG &4 (U/1) =
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Table 3. Distribution of urinary NAG activity level by silicosis group and control subgroups

Group No NAGUN) NAG(U/g creatinine)
Mean + S.D. Mean + S.D.
Silicosis 58 9.53 + 9.54 11.98 + 9.05
Tbc control 40 4.36 + 3.41 571 + 4.33
Healthy control 51 5.71 + 4.34 3.63 + 1.67
Total 149 6.84 + 7.04 7.25 + 7.31

F(2,146)=8.08

p=0.005

F(2,146)=27.51
p=0.000
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Table 4. P value of Kolmogorov-Smirnov goodness of

fit test for normal distribution

Group No NAG logn NAG
(U/g creatinine)
Healthy 51 0.581 0.763
Control | The 40 0.009 0.346
Subtotal | 91 0.005 0.888
Silicosis 58 0.026 0.369
Total 149 0.000 0.273

A (Ulg creatinine) 7} FFEEE Hdemz, A
ZuzTe i NAG 84X 3.63 Ulg creatinine
4] 2 S.D.(standard deviation=1.67) & Hoju=
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Fig 1. Frequency distribution of NAG activity(U/g

creatinine)

Table §. Distribution of urinary NAG activitiy(U/g creatinine) by age group

Control Silicosis Total

Age

group No Mean+S.D. No Mean+S.D. No Mean+S.D.

20-29 23 4.23+3.62 6 13.144+ 8.88 29 6.07+ 6.15
30-39 23 3.67+1.66 23 3.67 + 1.66
40-49 27 3.67+1.95 5 1093+ 6.40 32 4.80+ 3.96
50-59 14 6.67+6.51 19 1047+ 7.96 33 8.85+ 7.52
60- 4 3.02+1.14 28 12.94+10.35 33 11.70+10.22
Total 91 4.24+3.51 58 11.98+9.05 149 725+ 731
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Table 6. Distribution of urinary NAG activity level by

severity of disease in tuberculosis group
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Al2, Z27|2h geoizh o Xzt SHo) e
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TFE ST FHEANE Ade 27 e
2% NAG €4 & vmstd, E golr s o] 2
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TFHET FolA #AZde] ud ddAs 243
(41%)°19 v, Zde A5 Te LB
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% A7F Bl 79 FAYAE FAG A=
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Table 8. Distribution of urinary NAG activity level by

: NAG(U/g creatinine) nodule size in silicosis group
Severity No
Mean £ S.D NAG(U/g creatinine)
nodulesize No

minimal 16 3.37+2.39 Mean + S.D.
moderate 13 4.23+4.33

p,qr 15 9.10+ 5.94
advanced 7 5.57+4.44

A 12 12,00+ 8.61

F(2,33)=0.93 B 15 13.38+11.20

P=0.410 C 16 13.3¢+ 9.74

Table 7. Distribution of urinary NAG activity level by F(3,54)=0.74

P=0.535

use of nephrotoxic antituberculosis drugs in

tuberculosis group

Nephrotoxic No NAG(U/g creatinine)
drug
Mean + S.D.
No use 30 3.60+2.71
Use 9 9.44+7.72
P=0.001

p: less than 1.5 mm

q: between 1.5 and 2.9 mm

r: between 3 mm and 10 mm

A:less than 5 cm

B: one or more opacities with a diameter of more than
5 ¢cm but with a combined area of less than the
equivalent of the right upper zone

C: one or more opacities whose combined area exceed
the equivent of the right upper zone
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Table 9. Distribution of urinary NAG activity level by

nephrotoxic antituberculosis drugs in silico-

sis group
Nephrotoxic No NAG(U/g creatinine)
drug
Mean + S.D
No use 37 10.90+ 7.90
Use 16 13.57+11.54
P=0.332

Table 10. Distribution of urinary NAG activity level by

duration related the process of silicosis

Duration(year) No NAG(U/g creatinine)
Mean + S.D.

Career <15 18 12.49+ 9.38

duration | > 16 35 11.31+ 9.09

Onset <8 14 13.96+10.13

duration >9 39 10.90+ 8.72

%
Diagnosis | <5 37 11.52+ 8.24
duration >6 15 12.38+11.52
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Table 11 Distribution of urinary NAG activity level by
improvement of subjective symptoms with

treatment in silicosis

Improvement NAG(U/g creatinine)
of No
symptoms Mean + SD.
I 5 12.21+10.11
11 9 13.18+ 8.41
11 13 12.85+11.56
v 26 10.54+ 8.18

1: continuous improvement of subjective symptoms
II: partial improvement of subjective symptoms
III: no improvement of subjective symptoms

IV: worsening of subjective symptoms



Table 12. Distribution of urinary NAG activity level by
silicosis group and control subgroups
excluding the users of nephrotoxic antitu-

berculosis drugs

Group No NAG(U/g creatinine)
Mean + S.D.
Silicosis 37 10.90 + 7.90
Tbe control . 30 3.60 + 2,71
Healthy control 51 3.63 + 1.67

F(2,115)=29.74

p=0.000
au 83 Adotede 48 Vs #Hez 1y
§71 dele dF-Eo] FAEAE fAsIA A

o] Go}At} (Kunin 5, 1978).

gebd 87 2 Agdes §d Bdd Zzde
A9 A% g 2716 B Faelt A
% wol dejurlgel e AZ £4¢ |
Ashe dRE g Byl sTdc APER
o Solgoldn V@ PA PP A8

oxyreductase (lactic dehydrogenase and its

27

isoenzyme), transferase (glutamate oxaloacetate
and glutamate pyruvate transferase), peptidase
a8z
(B-glucuronidase, B-galactosidase, N-acetyl-B-D-
glucosaminidase) F2] A#A &Aid i AF7}
AYP=lo] oo (Kunin 5, 1978; Raab, 1987),
£3] 8% N-acetyl-B-D-glucosaminidase (NAG) &
AN Z9HA e B9 A" 7} (Asami, 1980),
AA o]l F ARur2ol =y A (Wellwood =,
1973), @A A g A5 GEe] 7% Fol
o g Atk (Metz-Kurschel §, 1990) 18
2 AdAo g fEdd ZTRHE ZEAY NG
71 AANE 27 AL AF dUNY AE
(Verscoor 5, 1986; Endo 5, 1990) & 14 5o}
s Ad7EHa ok 53 8F NAGE 29 A
Axddo EAste &dol7] W&o AlAxwe
+£3E 2714 AAE F dxm, AW g Z:’—M]H
Fo2 FelHd WA FRU AAHY,

(aminopeptidases) lysosomal glycosidase

a9l £x#(130,000-140, 000MW) ©]
7] W&ol AFA Q35 a3 widE £ glo =
AA = Hdd g of & D7etn BojYdo] &
AXNZ A=z At (Gonick 5, 1973).

2% NAG #4329 &=

B-D-glucosaminide, p-nitrophenyl-N-acetyl-B-D-

p-phenyl-N-acetyl-

glucosaminide 1] 31 methylumbelliferyl-N-acetyl-
B-D-glucosaminide’} 7122 Al &xojgtont B ¢
Tol A& m-cresolsufonphthaleinyl #=A4 2 713

= S A48 PHe Asadn o due He
NEE ol §stel MWD WE ZHo] b5 s,
ANt EBBEAZ 24 stsstn 7[Ee &3
o oo =2 AT 0.9998) &
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e 7EA 3L 9o
(Horak 5, 1981; Noto 5, 1983; EBFFFefldik
A&t BEER, 1987) ATAd #aAS P E
<+ /K2 Aok
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A Adeolelde HoA+= 13.36+ 3. 43mg/100ml
T} 0.93+0.53mg/100ml o)Yxm, gkl QA
AA 2 aZA MR o] 44 S HolA Pol o
BHR2e A% A7t A4 EA FRATD, A
A AAe BT 8% NAG GAXN U/} ol 8
F 3JdoteEldez B3I NAG 4 (Ulg
creatinine) &= 6.84+7,04U/1, 7.25+7.31U/g
creatinine2. 2 AW r7IFo 2 AA AW (A
AEF, 1992) 4~5U/10 &) A &3S (B
2), W% 94 g YeEz 9S
1978; Ebihara, 1986) 2 ¢ 4 AATh

ARYzT 5199 8% NAG A (U/NHE o
2 dFAEY e vms 2d, B dFdAe
NAG g4 A 5.7114.34U/1x 294<1A 5241
A =23 Horak 5(1981)9 A4 3.1+4,2U/1
A BAAT AEF(1992)9 43 2.80x1.64U/]
Hoe vad 24 33HAYG. 28y Wellwood
5(1975) & LA RdA NAG §Ax2 =330
BAAAMZ FE3 HEE HoleH, ol& A%
Aol 8% NAG widFe vas 438t 89 &
%"‘»—Plr Ao wWe Aoz dAlkoA NAG B4 X

e de 2% AdotEld ¢ BP0 wi=

ssittn sttt B AN E ARREE
2% Hdotgdog 2HFFY NAG A3

(Kunin %,



(U/g creatinine) & 3.6+ 1.6U/g creatinine (C.V.
=46.0%) 0.2 B WM NAG B4 (C.V.=76.0%)
of B3] wf-¢ 4P FHAE Jebdd} o & ¢
2 A7 5 443 vims By ¥ 13949 2
o] ZAZAANAM2 8F NAG FAAE B o4
He}h 74 H31d 7§ (Maruhn, 1976) 9 24 2
13t 73 $-(Price 5, 1970; Hultberge}l Ockerman,
1972; Sandman %, 1973)7} oy, & dF
o A4He HZe dF A2 S (Whiting 5, 1980;
Horak &, 1981; #17A 3 A&, 1992)2& v
} }“C}(}E 13).

]*“°ﬂ"1 s oAk AAAE
AAER FE AEdoz dojx]7] o
= i‘l Ag FHE HE U 2
(BHEE)E ol FA HAR, FAste AL ER
gt de FHAEEE dte A= oy (RFER
o, 1973) E3 glutamic oxaloacetic transami-
nase, glutamic pyruvic transaminase, 121
alkaline phosphatase ¢ &4 &3 E2 4
FHATELE 8t Ao2 DA Aok (FuHTir,
1973). 23y B AFelry dAZddzze &%
NAG &4 %] (U/g creatinine) = F3Z32 2 A8

R
oly
uhA o

Eld

ZEdMgE bd2A FAFEEE Youxe o},
AATAME NAG &4l (Ulg creatinine) & t

Mestoiol FFeERATtE AR PET
(1992)9) Aste zol7k AATHE 4). FAZE

3 gzFHIN Aol HE 83 NAG B4l
$EE 939 U8 P4E BAL 4 Ao (E

o] @A arthz Wellwood 5(1975)¢ 2t
o} dAEAt, 2dyd Az Axe 85 NAG
B2t Aol Zokel wet ohEle e e
H AL FHSTY Aol dEIo v i =

%7l o2 AU (R 1),

THEFTAMY A7) N E Hrlst7] A sk
Zy FolMe 8% NAG #4 A (Ulg creatinine) 2
vjm HE BH, fHZTEAM 85 NAG #43
7} 11.98U/g creatinine®2 417]% 7o AW 7|Ee|
vl dAstA F7tHoldn, dAdz2T 2 A7
Z3o| vHME ZAgdH R {ostA Frtslo
UATHE 3), =3 FHFFAMe AZHELY
2 S.D. ¥4l TU/g creatinineg Hojivte oh’dat
T Addzod v dA3s Zelp € 0.05, 1¥
D, wHSAMe A7s Felrt FRHEHZ A
& F UAL.

Ay zToM AAAzTA Hlsl 2% NAG &
ARt A EFHALEZ(E 3), BIERRF
A WEE NAG ZA4XE vws 29, J239 2
gol et NAG #4927t ozt S7tsle $4€ &
gqevt #93 Aole oAy (p > 0.05 X 6),
HA#ol AAAM o2 o|gH A U ZfdE o
28 AAEA A7F FA4E UHE & dde B
1= 79 vk (Somvanshi 5, 1989). 12u} H
A1 #FEE A7) giEel s G
ol Aoz Ensn 1 (Hirsch 5, 1983) &4
&) ) 2= Streptomycin, Viomycin, Capreomycin %
Aminoglycosided] FE& AEA4o] & LA o]

tlo

5), ol€ NAG &4 dFd wtet Frise 2 (HEAS @A, 1980; Schwartz 5, 1980;

Table 13. Reference values for urinary NAG activity in healthy adults
Authors year No of subjects NAG (U/g creatinine)
Price et al 1970 30 1.0+0.4(0.1-1.8)
Hultberg et al 1972 15 2.0+0.3(1.0-2.7)
Sandman et al 1973 16 1.5+0.8(0.7-3.1)
Maruhn et al 1976 100 4.6 (2.3-8.6)
Whiting et al 1980 42 3.0+1.4(0.2-5.8)
Horak et al 1981 36 3.2+1.3(0.4-5.6)
In-Kyung Hwang 1992 138 2.81+1.6(0.5-7.5)
Present study 1992 51 3.6+1.6(0.6-7.1)




Steiner¢} Omachi, 1986; Assadamongkol 5,
1989; Inouye %, 1989) o]E <A A& W&
8% NAG 84A& vin HES EHE 7)), 2
2T A FARAE AL A
NAG BAIR7} 9.44U/g creatinine. 2 ©}& ¥4
A2 gL WAAE H& AAEA F71 =
Al BAEFHCE KA AolE EHd,
Aminoglycosided] dAA| Al 2olgt 8% NAG
g4 x #7112 ¥ 3 (Assadamongkol E, 1989;
Inouye 5, 1989) % AT A7 dAetzn YA

Trae datet AA7IsHe] #HEAd dE dF
(Editorial, 1982) %} &48 Helntarst HA%s 2
71e] B¥E §Udhe AFE (Dobbiest Smith,
1982; Slavin &, 1985)& TAR3t TH FNA
© fretde ARFH ] o= Fzo ALFA
D AAETZN7E FE 2 FHolgn 355 g
(Arnalich 5, 1989). i_‘SaitaQ]- Zavaglia (1951) 7}
THFEA 207 (@331%6‘?1’ 6%9) 2 oz A7E
HAALE  Al¥stq 48 (20%) 914 €8 Tn
(albuminuria), 99 (45%)°lA S8S¥Z&#)
(concentrating defect) 233 8% (40%)A AL
¥ 3 (azotemia) & HAS}D FHIAME AT F
A7t EutEti Bnd ol#, Policard 5 (1960)
< FEHYES B3 i AWW IS Baddy
1, Kolev 5(1970) & FHZFo2 AM%g 84 45
Be] AMH 2 E Bl Ao gy WE &
# B2y, 3 F4EN ZF2F A7 WA
o] glo] AL7Al AdE dozl Fae Eii(Saldanha
%, 1975; Kleinerman %, 1979)¢ #F3Zo &
B AFTA] AdelA A =AAAS B A4
o] FAo] A4 v} AN FrtEHAYYE B
315 (Giles &, 1978; Bolton %, 1981; Banks
%, 1983; Wedeen RP, 1984)°] Al&go] ulel,
THSEAAAN TAHe AG A7 Folor
H F&3 o] Alge] o2& A7)% HAd
ety wFAddTdEs SYE APdos F2AZTHFES
(Silicon nephropathy) o] F7ts|ojof Ftte F%
(Hauglustaine 5, 1980)% JUUct. 72ASEF
o] %A #e}7) A (pathogenesis) o] tajA & o}z
HEsA WY gsted, RaE E2F AF
o] WHglel= F&gdnA 2 AxHv| A3l 7

R

& 324,

B aeln Fabry %33 #4H HHE {2
71% Foh S AMTA AEE fEd AAedA
© ad FAFE7E AR vE F4Hu Frte
Z1Z8e, TadFFETol Hak RYPEH Al o]
Ecin 3t} (Hauglustaine 5, 1980; Silicosis and
Silicate Disease Committee, 1988).

z2)Y Capezzuto (1963) &
SAAE Y 27 AP
Aot 3, TFHFAAL A
3} (pathognomic change) &
ool digt Bzt 8 HEud Axzm gl
Silicosis and Silicate Disease Committee (1988) ol
e TEFdMe Ao s 2ot AFd d
T HEZ 7€ x s

B A7 Ao FHFTS Zd ¢ AZdx
ol Hlal 2% NAG 84217t A3 F7t=o]
Reng, FAFTAM F5 AAARNY AE
A7d wet WEAEE E7etd 85 NAG 84
A% vaded 24 Ar7r 71 gol et 8%
NAG 2427} dd Frtde ¢3E Bolaide
v, ARz foAF Aole o, °lF &
2d(p, q, 0¥ HE5L(A B, C) 2 Yol E45do
T foF zolE HolAE Gui(p > 0.05 &
8). HA EXZEZFe #HAe Huglolxz AR
o ZEWAA, AAEnZA AFPo] AHE F
o+ X 1 (Saldanha ¥, 1975; Kleinerman ¥,
1979) 8 & 2 & AF3FEL AR AT
E 5Hzez 4% 4 dde 2u(Editorial,
1978) & o] & ATAME FHFY WAITH
223 2% NAG @43 M2 F3F dd4E
YetlAl = estet,

HAY L TFHFAA 7HF &3] FukEle §HF
9 Uz, 7H35Y AP 2 AFd FaP 98
g dde AL F gEA A (243, 1985).
B AFME wHFTd H4d &L 41%
(249) 2 o ¢ =stn, ¥Hd HZHY AN85E 9§
Ay A5 FAAAE AR Aex FH ST A4
9] 30% (16%) Art. HHFTAAN X5 FA ] we
8% NAG $4XE vwsied gud A4y
AARE f8 AEY FAYAES ALE ddA A

284, 3494 A7A A9 Ak
Q
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8% NAC @4A71 A veigeoy 28 g2
A MR AT Zole oHUn BAFHE: F
& ztol & YerlA Edh(p > 0.05, & 9).
2 FHAESTAME 2z edr s g8 A5
3 FAHA 9 Atgol AV]E W g FE 2
ez e et

THETIANe EXAEZ ZE7308 27|70
g2 Fe YAAEAdAY 85 NAG 4X9
#el Bkt AEEIAd(p > 0.05, & 10). &
W71k 2 85 NAG 84329 ole A9
TAERE 359 #3J fFEHAEY w2 B2 A
ox mAY £ Yo, FASH #AWE A
of HmEo] AR FYPH = 4utAd A F
(classic silicosis) Ht}e £2 XZ23F 4~8d9 F2
717kl WA He 71458 793 (accelerated
silicosis) ol Al ®o] R m¥E i 9l (Silicosis and
Silicate Disease Committee, 1988) £ %2% 2
HZo Mo A2y Yae APF T
MR Aol7t ASE B3H ol FAEI
& 249 AR 9% RAY F= ot YA
"ok,

AdFe $4€ 348 F, AAF2=
A=

,,
- e
R O WD)

oo o

LFE AlRste W dele 73te] EF 5.
(X 10), AAZF JAdF s s =z
oMz izt <% 73.6%7F ARl
gAY N8E = AE dEdn =71 Qe
(1) AHSIAEY 2dFe] 2 2304 3
A4 ¥& EAAE A FuALT AAS
9l 371 Az W2 NAG 8A4XE vz Bke
v dA3 HEgdE BAdg = gl p > 0.05
E 11), ARFAN A3 e 2453 A1)
T Aok uigle FAAN S HAE F g
2 dFdM MEY FHEHA Ago] &F
NAG 243 dag nxe & 890 Hx e
D2 AA dAdAeA AEY FFAANE A8 K
BAE AYsta 8% NAG &4AE vmsd, o
ZzEd Ay 23 NAG €43t 2
o] {FFo wE AolE Holx gttt oYy 7
HETodMe 454 dZHA ALE ddAE A9
g ol 8% NAG &4 X]71 10.90U/g creatinine
o2 FAAE F7tde Ayt < 0.01, E 12).

o

o %2

o
—_

e fFHFFAME AEHA Eoie 7HS A
Aot FHE AR 4 Eo} AVlF Ak F4
IS VAL &S ¢ F UUth

THSTY ¥% 84S, €3 FdoleEld
718t A7l AAL A 9dH g o) dAad S HAY
F gl9gleyt, 8% NAG @4 X (U/g creatinine) 7}
F7tHel YD AL EFER X2 S

B2 4 A 2% NAG S48 SHso, 89

Woa%, oAy a4 e d3esdA g A
Ay oleldo] o]FaAel UMY ALdE-8F
NAG #4A7F 134.1U/12 7€ o=
Ebihara(1986) ¢ Ex¢} ¥Aste Aow ZFA
ol ¥jmA W& HAY old& HolA & AHY
YA R BHY Fo gle A9 e
oo dFg 8% NAG G4 & o]&std 7]
A71se HES #2E + Uz @ (Kunin F,
1978).

Steenland &(1990) & A-dxT ATE T3
AgHer FAEA ZZHAY gz A w7
A A4 8 (end-stage renal disease) 2] v w ¥ =7}
1.08~3.832.2 F7lHe] 3tk Exdtd,
a7 227k A% FAE AL ¢ s
915t 11, Hauglustaine % (1980)& T4
22 FLAFFEFol HAH n¥g A
& JEE gxtel AFRAHALAE BR
AA, o At g 1293 AR NER 5
27 A 4PE £ gUovt Hy 2d@d ®
B 9234 "l #e] do] FEHm YUk st
BAZ=2 224 AN A715HAY F88S
AAMEEE T 183 HIOE AR FEZ A
ARAZo =z AP AHE0] (Giles 5, 1978;
Gongs} Tashkin, 1979; Kleinerman %, 1979;
Bolton &, 1981) A% Xxn Iugle], @3 2L o
B AgAeA B Z2En de Z2AE o
g 17 ke B AEZA JIEY AVlE ZAS
g7 W7AE 8% NAG A X (U/g creatinine) &
AEAAR g8y 2235 BadeEd o &
88 oz AZdd,

2 dyede ST A &7 9
A7 FE9 FF gz AAFTA wet 8F

NAG #4271 fold 2ol & HolA& &gttt @

P
nE % o e g



ZM g3 B2 Fz Agd,
22 Axd A 2ok A2d zAe g4 #HF
gzt A7s Wale] W BHAY A7) 78
olof & Zeoz AAHD, F3 wHFY ¥W 4
AP7|1¢e] HE FF 8F NAG A7 Z714
Ago] Yenz FHZFor wHsA ¥e B
Zz ZzAdA FrlHoz 23 NAG 843
3o, 2 A% WEd wet 7HF 2
< 33 2AtE BEoid o AAA A4
zolo] g FulE AHAE 4L F Y& ez
A zrg

X2 Brie AE 9

o mu X ffr
|

V.8 ¢

TFH S A7le BN #BHE AR 71 AEE
Azl Az, Ftet AR Ao AHLYF
1AM HFeE AEFU #2588 4T
2z stu HAHYz 6 MEeld AsFTY ¥4
4098 < Z2Y =T T2 IR 223 51

HE ARgaTo e, A7F Folg Aug =
i3 ¢z 8% N-acetyl-f-D-glucosaminidase
(NAG) 8422 &4t & utg ofelg Zo
89 rt,

1. Z2AEA AAe 8% 84349 ¥ =
gloleld e A BFeA Fuxel gl U4
Ao AGAgeRe) WS Holx ggou, 8F
NAG &4 X< 7.25+7.31U/g creatinine2. 24 4l
71e Aol AdrE olde FHXNE Ho B )
Zg AA AHE Yehg i,

2. THET9 8% NAG A+ 11.98 + 9.
05U/g creatinine®. 24 ZAIAP=F(5.71 = 4.
33U/g creatinine) 2 A NZF(3.63 = 1.67U/g
creatinine) o] ¥H]&dla] EAGH oz K98} ] Zz7}
Hel Uev(p < 0.05), A¥dzey ARz
A E F& zolE JERA] ¥kl (p > 0.
05).

3. A¥dzFolA A W wat 8F
NAG #4271 $7HH e $4S Biov EAEA
o2 #9 AR > 0.05), AEFAF 4F
of f JAHYAE ALEF dEAA 8F NAG

42 = FdstA F7tsEo] AU (p < 0.05).

4, THSTAAN Ade] ZV|sE 245 9
Ao} GuF FAMAZ AR 2 L w7 7o)

ot 29 AL 23 NAG 47 Z7l9e ¢
2E Bdou, BAgHeg §43 Aole ot
th(p > 0.05).

5. A=A ddda ALExE A} 25 NAG
g4 AddzTH AddzIdA 42 3.
63U/g creatinine, 3, 60U/g creatinine® & Z#}o]Z
BolAl gtort, FHZFFolA= 10. 90U/g creatinine
o2 HA3] F7iHe] Uich

ol e Az FHFAME ¢
B A71% Al o] daAE
Foe AA7EY ®ssr gHE 4 dlen, 8F
NAG #4A& &1 %2 2244 A &34
JrA}A Zdolx e AFAYE 9o
frelg Agrt @ Aoz Azt

K
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