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Effects of Glycerol on the Malondialdehyde Level and Superoxide
Dismutase Activity in the Kidney and Urinary Protein Excretion and
N-acetyl-8-D-glucosaminidase Activity of the Rats

In Chul Shin and Hyun Chul Koh

Department of Pharmacology, College of Medicine, Hanyang University

In an attempt to define the early biochemical determinants that participate in the patho-
genesis of glycerol-induced nephrotoxicity, especially focusing on oxygen free radicals and N-
acetyl-8-D-glucosaminidase(NAG) activity, we studied 24-hours urine outflow, 24-hours uri-
nary protein excretion and urinary NAG activity after the injection of glycerol and also we
studied malondialdehyde(MDA) level and superoxide dismutase(SOD) activity in the kidney
of rats at 24hr after the injection of glycerol.

Sprague-Dawley albino rats weighing 240 to 260 gm were injected intramuscularly with a
50% solution of glycerol(2ml/kg, 4 ml/kg and 8 ml/kg). The group treated with glycerol
showed significantly lower urine outflow level and urinary protein excretion level and higher
urinary NAG activity after the injection as compared to those of control group. Also the
group treated with glycerol showed significantly higher MDA level and lower SOD activity
at 24hr after the injection as compared to those of control group.

These results suggest that the excessive oxygen free radicals resulting from the depres-
sion of SOD activity is an important determinant in the pathogenesis of glycerol-induced
nephrotoxicity and higher urinary NAG activity is an index of renal tubular cell damage in
the glycerolinduced nephrotoxicity.

Key Words: Glycerol, Nephrotoxicity, Urinary protein excretion, Urinary NAG activity,
Malondialdehyde(MDA ), Superoxide dismutase(SOD)
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M 1=

Glycerol® A& A (demulcent), 9&tA (laxa-
tive), AtFstAl, HAAsA, A5&E FAA,
WFAAHA, TRasA R gu) SAER 2oln
e HAEALA FARSoR F, TE, HY
9%, A€, v, $8 2 A% Fo) ekt
(Gilman%, 1990). Bywaters®} Beall(1941)&
FAZ £49 8T Y HAFOS 2 myoglo-

=3g Fuste 248 IPS w4
(rhabdomyolysis) & R iuslga, JFFZ WA o)
od A5HW ARHo] An ATHGros
smang-, 1974; KofflerZ, 1976; Knochel, 1981;
Gabow%, 1982; Paller, 1988). & Z ©A
AAAAME B4 &5 F DAE § Qo
(Olerud g, 1975), HEZ WA 4% 34 A
Ag FIAN7E BFEA 71 FHYsA AL
Hi Y+ AL glycerolo]th(Hostetters, 1983).

5714 AEANE
hydroxyl radical(OH » ) 2 hydrogen peroxide
(H0)7F 2" 4 glon, o' fa &Aoo}
FE ol Z2Hge Wy BAYHANE 0B
o stasl Aol 2o AYAA £4e
3 4= 9t} (Goldberg & Stern, 1977; Simon%,
1981; Moody & Hassan, 1982; Weiss &
Lobuglio, 1982; Fantone & Ward, 1985; Baud
& Ardaillou, 1986; Junqueiras, 1986; Weiss,
1986). Guidet¥} Shah(1989)+ glycerol § Al
Fdo] A2 #FH A hydrogen peroxides] XA
o] Z71=Ettn st¢la, Shah$} Walker(1988)
+ hydroxyl radicalo] glycerol &% A1XH9] 3
Qeloletn B s

N-acetyl-f-D-glucosaminidase(NAG) = &34
A EAZ AT FoAEe Bo] EAEe £
kol A7l Wiel AlFAE E3F § dtn
gro 2 (Wellwoods, 1975) &% NAGE AA=
o oA EeREH f2d Ao, 8% NAG &
A5 F7he AA=T AoiEe &4& 9n

o
LN
!
1=}
LN

superoxide radical(O,7),

#ch(Dance®, 1970). Robinson%(1967)& #H
o uranium nitrate® Fo3le] NG &47 8
z NAG 84x9 Z7l& #A&s43, Coonrod
¢} Peterson(1969)& #AF o) @A 252E F
a3l 8% NAG 8459 Z71E8 #Fd9eH
Aol AFP-A A4, nephrose FFT B 4
NREAZT] AFAZRNME 8F NAG 4=
7t AW YA wldste] F7E0] d&ol
B usle] Jdoh(Wellwoods, 1975; Mattenheimer,
1977; Kunin%, 1978). £ AFdAE glycerol
S A4 @A olA A9l malondi
aldehyde(MDA) 3%t%3} superoxide
(SOD) &A%, quid=xk, o5 G s ¢
2% NAG A& #23d glycerol §2 A=
Aol e AAL duzt AEE A =3

dismutase

Mz Wy

AEFES AF 240~260gme] Sprague-
DawleyAl 83 & Al&3tgon A¥/LF As
o} B2 dolz HF3A Ak dF ¥ &
BFog st glycerol(50% £, Sigmail)g
A% kgd 2ml, 4ml 2 8ml¥ 13 & S}
74zt vbA 28 FAIG FES AQTOR g
5%ZF9 AYAEFE FAGG FES URFOE
3ttt Glycerol Fof 2 TRE 24A17F F<¢ o
Al cagedllA] 24A17 @& A FE3le] qulAdE,
Zz g vdzd 2 2F NAG 848 &
gk, 8% oild g dee LowryH(Lowry
5, 1951)0 2 2ARslgct. 8% NAG 845
Horak%-(1981)¢] ®d] uwgl p-nitrophenyl-N-
acetyl-3-D-glucosaminideE 7| d 2 A}&-8le] NAG
Z2-o) oJs) f2l¥ pnitrophenolg alkali %o
2 2AAA 410nmoA 2FF=E SA 2 p
nitrophenol E&g&H oz A FEFAE 7]
Fog 18 B¢ 713& EIAA 1nMe p
nitrophenol& #8Al7lE &4 BAEE 199
2 B39 FLARANA creatinined 25318
B247)(Gilford SBA-300, Ohio, USA)E o] &3}
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o} ZA38te creatinine 1mg3d &2 FAAE 09
% (Unit/mg creatinine) 2 2% NAG AH=E
HA BT H glycerol FAMER 24417 Fo
FES FFEAE T sjEslo] phosphate buff-
ered saline(PBS)& HRZdE E3 082 A
AUE #AFAZ F 22F AL gojuo A
¥ Az Byt 3 @& pellet pestle tube
o] ¥ potassium phosphate buffer(pH 7.3)&
T A3} (homogenization) A7l & =& Ajxe
4] 7] (ultrasonic cell membrane disruptor, Son-
ics & Materials Co., Danbury, USA)Z A ¥
£ 73 ¥t} Thiobarbituric acid& o] &3 4
W (Shah%, 1983)© 2 bovine serum albumin
(BSA)E EFo23dld 534nmolAd 1 FF=E
£33 =4 (Gilford 260, Ohio, USA)2 &A3}d]
A #4ks AEE malondialdehyde(MDA) &t
Foz 27 g, pyrogallole] autoxidation
AAE o]&3 Marklund®} Marklund(1974) 9]
HH o 2 bovine kidney SODE HFo =z 3ld
420 nmdlA 1 2454 (Gilford
260, Ohio, USA)Z2 &A&d superoxide dis-mu-
tase(SOD) S4=& Z3stoch

MDA &%z SOD #4d=9 £4& mg &4
Aol e ¢y FHx== XY, @lFde
Lowry (Lowry%, 1951)¢c.2 &A%t

Student’s t-test& ol &3t FAAZNIR, &
dolels HE £ RFHEAE JERR Y

FEEE

4 o4
1) 8 HiM2k(ml/24 hours)

g ZzFA A= 21.60+3.210]x, glycerol(50%
€) 2ml, 4ml 2 8ml FHFN A= 47} 14.80
+2.77(NZ X9 69%), 12.80+1.64(H%E=2)9) 59
%), 12.60+1.82( %% 2] 58% )= glycerol 2 ml,
4ml @ 8ml EodTo|A P<O0lE BE 23] &
g &Aooz FofstA FvtEATH(Table 1, Fig.
1). ‘ o

2) 8 THBF(mg/24 hours)
gz Ade

28.80+4.010]x1, glycerol(50%

25 (

.
.

8

Urine outflow(ml/24hours)

-
Y &

-7

ml of a 50% solution of glycerol

Fig. 1. 24-hours urine outflow in the rats treated with
glycerol. Results are expressed as means+S.D..

Table 1. Effects of glycerol on the 24-hours urine outflow, 24-hours urinary protein excretion and urinary NAG

activity in rats

Glycerol-treated

Control
2ml 4 ml 8 ml
Urine outflow{ml/24 hours) 21.6043.21 14.80+2.77* 12.80+1.64* 12.60+ 1.82*
Urinary protein excretion(mg/24 hours) 28.80+4.01 23.89+6.70 18.55 £ 3.25* 16.26 + 2.24*
Urinary NAG activity (unit/mg creatinine) 9.99+1.44 26.90+4.60* 42,78 +7.19*  66.91+13.59*

Glycerol(50% solution) was injected intramuscularly
The data represent the means+S.D..
*: P<0.01(n=7) vs Control
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|4) 2ml, 4 ml & 8 ml FdZME= -7t 23.89
+6.70(h 2 X 9] 83%), 18.55+3.25(d 22| 2] 64
%), 16.26 +2.24( %X 9] 56%) =2 glycerol 4 ml
2 8ml FoFAA P<00lE 2% F3 £3F
JEHow fosiA 2adcH(Table 1, Fig.
2).

3) 2% NAG &M= (unit/mg creatinine)

2Tl A= 9.99+1.440)31, glycerol(50% &
B) 2ml, 4ml @ 8ml FAFgAE= 22 26.90
+4.60(d) =212l 269%), 42.78+7.19(H %= 9
428%), 66.91+13.59(ZEH o] 670%)= glycer-
ol 2ml, 4ml ¥ 8ml FoFZdA P<00lE =

T »
)
-7

A

7%

2
ml of a 50% solution of glycerol
Fig. 2. 24-hours urinary protein excretion in the rats

treated with glycerol. Results are expressed as
means+S.D..

=4

* 5] |&F oEFHeoz HostA FUEUY
(Table 1, Fig. 3).

old

4) MDA #&F(nmol/mg protein)

)z A= 3.0940.380]1, glycerol(50% &
o) 2ml, 4ml 2 8ml EQFINME 47} 350+
0.32(tzx)9] 113%), 4.09+0.59()=X 9] 132
%), 6.23+0.87(hFAe 202%)E glycerol 2
ml, 4ml 2 8ml 4T P<00lE 2% Z
5 &% cdEFHozm folshl Z7+d3ich(Table
2, Fig. 4).

40 -

77 22—

20 |-

0 2

Urinary NAG activity(unit/mg creatinine)

-7

mi of a 50% solution of glycerol
Fig. 8. Urinary  N-acetyl#D-glucosaminidase(NAG)
activity in the rats treated with glycerol
Results are expressed as means+S.D..

Table 2. Effects of glycerol on the malondialdehyde(MDA) level and superoxide dismutase(SOD) activity in the

kidney of rats

Control

Glycerol-treated

2ml © 4ml 8 ml
MDA level(nmol/mg protein) 3.09+0.38 3.50+0.32* 4,09 +0.59* 6.23+0.87*
SOD activity (unit/mg protein) 17.29+0.59 15.80 +1.35* 14.65 + 2.68* 11.89+3.43*

Glycerol(50% sclution) was injected intramuscularly
The data represent the means +S.D..
*: P<0.01(n=7) vs Control
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Fig. 4. Malondialdehyde(MDA) level in the kidney of
rats treated with glycerol. Results are expressed
as means +=S.D..
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Fig. 5. Superoxide dismutase(SOD) activity in the kid-
ney of rats treated with glycerol. Results are
expressed as means +S.D..

5) Superoxide dismutase #4% (unit/
mg protein)

zFd e 17.29+0.590) 31, glycerol(50%
£9) 2mi, 4ml 2 8ml Tl 2= zbz} 15.80
+1.35(th 2% 9] 91%), 14.65+2.68(thZx]
85%), 11.89+3.43(th =R 2] 69%)=E glycerol 2
ml, 4ml ¥ 8ml FojFolM P<001lE 2F F
3 23 oERoz foaA 7AHUT(Table
2, Fig. 5). '

a

|3

Bywaters9} Beall(1941)2 Z AL £22419)
3 YA &WrEZ o 2 myoglobin &%
S3d Z ¥ (rhabdomyolysis) & =
i, A ¥ ¥ A&HW ARA
i1 g (Grossmans, 1974; Koffler
%, 1976; Knochel, 1981, 1982;
Paller, 1988) ojefgt HAE WA A3 FA
ARAD w8 04 glycerole] ZEFALEA
of7|E 4 AUthi stew, 2AFL FAE A}
¢} myoglobin =ZFo] AA FAhHoz AYZ3
o] A7tist &+t (Hostetters, 1983).

3714 M E M+ superoxide radical, hydro-
xyl radical 2 hydrogen peroxide 53 Z& ox-
ygen free radicals?} @A E F Qo] o#H -3
Edoly FE Fod F2HAL uut HE o
Me ool AdsiA BAdeol Ad Hitsiekg
& A F 9o (Goldberg & Stern, 1977;
1981; Moody & Hassan, 1982;
Weiss & Lobuglio, 1982; Fantone & Ward,
1985; Baud & Ardaillou, 1986; Junqueiras,
1986; Weiss, 1986), o]#3} oxygen free radi-
cals¥ sulthydryl oxidationg Z3le] ¢z <=
AL o7l 4 ti(Freeman & Crapo,
1982; Baud & Ardaillou, 1986)i1 3lc}. Super-
oxide dismutase(SOD)+ hydrogen ioni super-
oxide radicale] ®FE3te] Fitslhz A7
o B, A catalased] 93 3 hw B
slgo2m(Baud & Ardaillou, 1986) superox-
ide radical®} #atslpas Zotol] whE 2 AEALS
Hrolsl= 37} 93, superoxide radical®t #Ak
3l n9te] ¥HE-& A|Sted hydroxyl radical?]
AL AN oz da 2HENE Wols
= adrt 9gvta i (Frank & Massaro,
1980), 8t¥ Zager(1992)2} Zurovsky9} Gross-
man(1992)2 myoglobin =4 Al$&A4t3 oxygen
free radicalsele]l #IAE B3P Shahs}

% o

Bori o

oy

29,

Gabow %,

Simon%,
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Walker(1988)+= myoglobin Al Al&Ale] 23
¢l glycerol 2 FA4 4A1FAo|A hy-droxyl radi-
calo] Zgd wiMA=ZA H&3oa 3Jjgon
Guidet9} Shah(1989)% glycerol £ AR A o]
A #AF e NFoA FHAAseir FUHE F
Fenton #F%-¢) 9]3te hydroxyl radicale] A%
o1 &t

TH A =dde o2 FRHY fa7t A%
M A=BoRREHY o]F AAh9 8F02 F
e A 27 39 R deA U
(Vanderlinde, 1981). 18)8}e] o]% &9 &4
=9 ¥y A AuAEe &8 M Fe
Ax2A e S84 T #Ado] nxH o
7}A AF7F olFo] B muramidase, lactic
dehydrogenase, alkaline phosphatase, acid phos-
phatase, leucine aminopeptidase @ malic dehy-
drogenase ¢ ZEH u} ct(Kaller & Lapco,
1967; Ballantyne%-, 1968, Sandman%, 1973;
Wellwood%, 1973; Keyser%-, 1976; Horpacsy
%, 1977; Koivula%, 1978). 284} ojF 4T
Z3Ho] ofgl 9 BAATe] 2 8 ofgt &
o F5E 2LAAERE AAHRIE WA
£o] 7] HE dgy ol&HA FaAt. &F
NAGE oln| Z+E 4lFAgo|} ko ofg A
240 WAe A2 LA 2om (Wellwood
%, 1975; Mattenheimer, 1977, Kuning, 1978;
Donta & Lembke, 1985), NAGE: Ex}sko} =
7] WEol AAFAE FHEA K3 o4 A=
#e] At dEM 2 F o7 FEldotn ok
(DanceZ%, 1970; WellwoodS, 1975). Prices}
Dance(1970)& 9133 Fgd o8 &g #@x)
AA 8% NAG 84=7 F7tElden o A
Aol ARz HHHAGL &t Dances
(1970)2 &% NAG 4x9 EZAA= &Y
@xel st FAsed fedvha sigem,
Alderman%(1983)2 8% NAG Az =3
2 3EY BN AL FFE HI =
£ u$ fEITL stk ¥ RAAE glye
erol Fd2 &3 oFHo=z MDA o] F7}

sgEd ol AF HisEE
& onjsly, SOD SAHEE £F ¢

Astget ol SOD &A%< 7 93 oxy-
gen free radical®] Z7}7} glycerol % F4 A
240 ozt 287"z shuete S A
F Aolth. EF glycerol FH 2 &7 JTHL
2 o WAz g whlde] et ole
glycerololl o] A&AE ofnjsty, 53] A=
# Aoz £4 F5E JellE AR ¢4
A AdE 2% NAG A w7 F718 o2 glycerol
T2 sty AM=d FHMEe &40 2

He Aog AsdEY "t didelA glycerol
Tog Q3 e IR 44 ol8fE &
= AL 9F NAG Aol

2 =

Glycerol 4% NE=A #Ad dojr AAo]A
9] malondialdehyde(MDA) @33 superoxide
dismutase(SOD) AE, gujAd=zs, o3 dud
WAdFg 2 23 NAG ZAHEE BFso &g
Ze A#HE Utk

1) 8 sidzF(ml/24 hours)

z2Fo = 21.60+3.210]3, glycerol(50%
£9) 2ml, 4ml 2 8ml FoFd e Z47 14.80
+2.77(RZ X9 69%), 12.80+1.64(HZ= 9
599%), ‘12.60+1.82(tZ&Xx 2] 58%)% glycerol
2ml, 4ml 2 8ml FojFodA P<KO01Z2 BRF
33 &% 9F=Ho2 fotA FUHEUS

2) 8 HHugF(mg/24 hours)

xF A= 28.80+4.010]1, glycerol(50%
£) 2ml, 4ml 2 8ml FofFoA+= z}Z}F 23.89
+6.70( X9 83%), 18.55+3.25(Z%]2] 64
%), 16.26+2.24(th% 29 56% )2 glycerol 4 ml
2 8ml FoZAN P<001E2 2% F3] &3
dEH o2 FoitA ZaHUY
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3) 25 NAG #ME (unit/mg creatinine)

2ol A= 9.99+1.440] 31, glycerol(50% £
) 2ml, 4ml @ 8ml FolZAME 242 26.90
+4.60(THZ X9 269%), 42.78+7.19(th %= 2]
428%), 66.91+13.59(th= X2 670%)= glycer-
ol 2ml, 4ml ¥ 8ml FoFfA P<001E *
T 23 &% EHo g Fo3lA Zvhygct.

4) MDA &2k nmol/mg protein)

2 Fol A= 3.09+0.380) 1, glycerol(50% &
H) 2ml, 4ml ¥ 8ml FAFA A= 2zt 3.50
+0.32(thZx)2]  113%), 4.09+0.59(T) =2 9
132%), 6.23+0.87( %] 202%)% glycerol
2ml, 4ml ¥ 8ml FolFoA P<001Z 2%
T8 &% oJE:Hor FosA F/tE

5) Superoxide dismutase &M T (unit/

mg protein)

Bz A 17.29+0.590]1, glycerol(50%
&%) 2ml, 4ml 2 8ml FAFANE 7z} 15.
80+1.35(N=x9] 91%), 14.65+2.68(thZ% <
85%), 11.89+3.43(h=A9 69%)=2 glycerol
2ml, 4ml ¥ 8ml FodFA P<0.012 n%F
T3 4% dF:FH oz FoatA A"

2 AgelHE glycerol Foz g3 ojEzzHo
2 MDA 3#aFo] Zrtelded oly XA #Harst
e T3 AMELSS vlds, SOD &4 5=

¥d

& 2
9 ZHAol 2l3 oxygen free radicale] Z7}7}
& F4 AEAd die gerdzxe
& AAR S Aotk E3E glycerol
Foz &3 g@Fow g vy g Pwdol
AP ol glycerolo] 93 AEitg o
vlete], 58 AMnd FudEe &4 &
Uetdis Axz ded e 2% NAG &
1

Ho
o

g 2
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