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Effects of Glycerol on the Oxygen Free Radical Reactions
and Renal Functions in the Renal Cortex of Rats

Hyun Chul KoH and In Chul SHIN*
Department of Pharmacology, College of Medicine, Hanyang University, Seoul 133-791, Korea

(Received October 25, 1995; accepted November 29, 1995)

Abstract—In an attempt to define the early biochemical determinants that participate in the pathogenesis
of glycerol-induced nephrotoxicity, especially focusing on oxygen free radicals, we studied malondialdehyde
(MDA) level and the activities of catalase and superoxide dismutase in the renal cortex of rats, and the
concentrations of blood urea nitrogen(BUN) and serum creatinine of rats at 24hr after the injection of a
50% solution of glycerol. Sprague-Dawley albino rats weighing 240 to 260 mg were injected intramuscularly
with a 50% solution of glycerol(2 mi/kg, 4 mi/kg and 8 mi/kg). The group treated with glycerol showed
significantly higher MDA level and catalase activity, lower SOD activity and higher BUN and serum creatinine
concentrations at 24 hr after the injection as compared to those of control group. These results suggest that
the excessive oxygen free radicals resulting from the depression of SOD activity is an important determinant
in the pathogenesis of glycerol-induced nephrotoxicity.

Keywords [] glycerol, nephrotoxicity, oxygen free radicals, malondialdehyde(MDA), catalase, superoxide dismu-
tase(SOD), blood urea nitrogen(BUN), serum creatinine

Glycerol2 A7Fo{Alellw A &4l|(demulcent), 23}
Al(laxative) H S E o] 45 1, AWNFAA =
7R o) 41, AAFAR} FHeko R Tl
= AFEE gFAS} qALAAE o], FAF
JAlel)= HFaFA e &) wRER 2o]lT e FH
FEERA FHAER AT FF TE 9
HFEgE Fol, FARAd = A, vpy], £ o A5A
%°] veldrKGilman 5, 1990). Bywaters¢} Beall(19
41) & FAZ &4 Fa7 44 $452 2 myoglobin
23S eukste 28499 35 WA (rhabdomyoly-
sis) 2 B3y, HFT Ao 2 AEEE AR
Fo] W7 319 tHGrossman 5, 1974; Koffler =,
1976; Knochel, 1981; Gabow 5, 1982; Paller, 1988).
B2 WAL AR AT 25 F 24E 5
e.m(Olerud 5, 1975), A WA o F4 4
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HH myged 73 FHHsA SEEHE AL TAA
glycerol®] T§FALEA, 2 A% ZAEL F) L2} myog-
lobin o] AA FAHe R AA FHo] HZ1vHHos-
tetter 5-, 1983).

37|14 A £\ A superoxide radical(O;™), hydroxyl
radical(OH ") ¥ hydrogen peroxide(H,0.)7} w48 4
dem, od R Edet okF Feol 2SS uvt
W2 Ao olFe] FHclslAl PAEle] mA el
HAe 4% 48 7 AcHGoldbergs} Stern, 1977;
Simon 5, 1981; Moody2} Hassan, 1982; Weiss®} Lo-
buglio, 1982; Fantone® Ward, 1985; Baud2} Ardaillou,
1986; Junqueira 5, 1986; Weiss, 1986). Guidet=} Shah
(1989)% glycerol - Al5-Foe] A7) FHF |4 hydro-
gen peroxide?] AAo] Zrislgcly 3lg]:, Shahe}
Walker(1988)+= hydroxyl radicale] glycerol ¢ Al
A g Yelelzly Baslgiong B P
Fell A glycerol 2 415433} oxygen free radicals$}2]
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BAE FH3le] glycerol L ASAl digt A AL
Azl g Alestych

Al

AYEEL HF 240~260 mge] Sprague-Dawley 7|
FHE AMgsldod MEYE AR B2 YR
A#8HA stk 37 7ol 4L g Fo 2 slo] glycerol
(50% 84, SigmaAlh) = A5 kg 2ml, 4ml % 8 m/¥
13] < RAcle)d 7z vy 8 FARE FES AY
o2 5195 e AmAdrE FAE FEE
2702 393tk Glycerol FAMER 24417k Fof £2-5
REEAY ¥ AL AASE 8ste] phosphate
buffered saline(PBS)& BH-Zw.o E3] Q2& Alzhj)
2 BFAR F 22E AAE dojulo] mAz) A
Ea)slgdch FA-2 pellet pestle tubeol| €3 potassium
phosphate buffer(pH 7.3)% % #Hhomogenization) |
71 & &gu A EW B4 7|(ultrasonic cell membrane
disruptor, Sonics & Materials Co., Danbury, USA)Z
AEa-e 3 814}, Thiobarbituric acidE o]-&-& u}
H(Shah -5, 1983).2.% hovine serum albumin(BSA)-S
Eg o Rsled 534 nmell A 7 EBeE Bs3adw A (Gil-
ford 260, Ohio, USA)2 &Aslod =& a4tz A2
malondialdehyde(MDA) §=te 2 =2 5195, KMnO,
AAS o]4% v(Cohen &, 1970)2.F 480 nmsl| 4
O F35E F435 A(Gilford 260, Ohio, USA)E =
A&}o] catalase A EE =A5leit) Catalase T =
125d e k2 29Y 5 glor 2 Ae o
&3 2o,

k=log(8./S) X 2.3/t

1714 t= ¥-2-A1ZHminutes)o] T, S Hx0.2] 7]
5, 5w Ha0:9 t¥we] w2 9w|dic}. 183 py-
rogallol9] autoxidation JA4|-& o]-£-3 Marklund2} Ma-
rklund(1974)9] ¥ 2 2 bovine kidney SODE ZF2o
2 3te] 420 nmellA] 2 FAEF F4FEA (Gilford
260, Ohio, USA)Z 23#]3le] superoxide dismutase
(S0D) M2 ZA)slyict,. MDA #=k3) catalases}
SOD 4= £42 mg 8- A& gtz 24

22 2EE 9, elde Lowry(Lowry %5, 1951) 2%
ZzJ59dc). Blood urea nitrogen(BUN)3} & A creati-
nine %= A5-3s £47)(Gilford SBA-300, Ohio,
USA)2 =A3slqich

Student’s t-test® o]g-sle] HA A std z, 7+ de]
B v+ EEAAE el

Mgzt

MDA & (nmol/mg protein)

2Tl e 3.09+ 0.380)3, glycerol(50% ) 2
m/, 4m/ ¥ 8ml FeITel = ZHzF 350+ 0.32 (W=
29 113%), 4.09+ 059 (N== 132%), 6.23+ 0.87
(N == 2] 202%) 2. glycerol 2 ml FolToll 41+ p<0.01,
4mie}t 8ml FoFA e p<0005E BT Fd] -G8k
olzd oz §osA Zr}=ElgitkTable I, Fig. 1).
Catalase ®MT (k/mg protein)

) F Fol| A= 54.66+ 14.460) 2, glycerol(50% £-<4) 2
m/, 4m/ % 8m/ FolFoliE Z7t 16527+ 27.05
(N z=A] 2] 302%), 69.33+ 1849 (h=2]2] 127%), 222.36
+33.88 (222 407%)% glycerol 2 m/e} 8 m/ o
Toll A p<0.0052 2% 38 984 715} (Ta-
ble 1, Fig. 2).

Superoxide dismutase E45 (unit/mg protein)

hEZ ol A 17.29+ 0.59°] 7, glycerol(50% &) 2
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Fig. 1. Malondialdehyde (MDA) level in the renal cortex
of rats treated with glycerol. Results are expressed as
means+ S.D..

Table 1. Effects of glycerol on the malondialdehyde(MDA) level, catalase activily and superoxide dismutase(S0D) activity in

the renal cortex of rats.

Glycerol-treated

Control
2m/ 4ml 8ml
MDA level (nmol/mg protein) 3.09+ 0.38 3.50+ 0.32* 409+ 0.59** 6.23+ 0.87**
Catalase activity (k/mg protein) 54.66+ 14.46 165.274 27.05%* 69.33+ 18.49 22236+ 33.88%*
SOD activity (unit/mg protein) 17.29+ 059 15.80+ 1.35* 14.65+ 2.68** 11.89+ 3.43**

Glycerol (50% solution) was injected intramuscularly. The % is the first-order rate constant. The data represent the means+ S.D.

*p<0.01 (n=7) vs Control **p<0.005 (n=7) vs Control.
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ml, 4m/ % 8ml FolToAE 77t 1580+ 1.35 (¢
Z%)2] 91%), 14.65+ 2.68 (H==2] 85%), 11.89+ 343
(222 69%)E glycerol 2ml F-odF-ell4l= p<001,
4m/st 8m/ FofFo| M= p<0.0052 B5F FI] £
olzHo g folstA 7AaxgriTable I, Fig. 3).
BUN =5 (mg/dl)

) 2ol 4= 1355+ 0.710].2, glycerol(50% £-<¥) 2
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Fig. 2. Catalase activity in the renal cortex of rats treated
with glycerol. Resulls are expressed as means+ S.D.
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Fig. 3. Superoxide dismutase activity in the renal cortex
of rats treated with glycerol. Results are expressed as
means+ S.D.,

m/, 4m! P 8m/ FAFeAs 2z 1956+ 2.77 (W
F2] 2] 144%), 23.70+ 341 (N 2X] 2] 175%), 35.44+ 4.48
(HH=A] 2] 262%)Z glycerol FofFel 4] p<0.006% BF
T8 &% HEHoE feosiA ZrkEde} (Table 11
Fig. 4).
EA creatinine ST (mg/dl)

2Tl AE 048+ 0.040) 1, glycerol(50% £&¥) 2
ml, 4ml ¥ 8ml FoiFedxe zZtzt 060+ 0.07 (W=
2] 125%), 0.65+0.05 (HFX2] 135%), 1.14+ 0.24
(229 238%)2. glycerol 2ml Fo3F-o| A& p<0.01,
4mit 8mi FolFeAE p<0.0052 25 T3] L-F
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Fig. 4. Blood urea nitrogen concentration of rats treated with
glycerol. Results are expressed as means+ S.D.
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Fig. 5. Serum creatinine concentration of rats treated with
glycerol. Results are expressed as means+ S.D.

Table TI. Effects of glycerol on the concentrations of blood urea nitrogen(BUN) and serum creatinine of rats.

Glycerol-treated

Control
2m/ 4 m/ 8 m/
BUN (mg/dl) 1355+ 0.71 19.56+ 2.77%* 23.70+ 3.41%* 3544+ 4.48%*
serum creatinine (mg/dl) 048+ 0.04 0.60+ 0.07* 0.65+ 0.05** 1.14+ 0.24**

Glycerol (50% solution) was injected intramuscularly. The data represent the means+ S.D.. *p<0.01 (n=7) vs Control **p<0.005

(n=7) vs Control.
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dEzdoz FoutA Eri=lgdc}) (Table 11, Fig. 5).
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Bywaters®} Beall(1941)> F2Z ¢4+ $23 4
2202 myoglobin =Fg FHMlE 84s 3
2 WA (rhabdomyolysis)-& B 8}9] 7, &l-2-7 WAo]
o ALHEW AHAe] APk 3}91=49|(Grossman
%, 1974; Koffler 5, 1976; Knochel, 1981; Gabow =,
1982; Paller, 1988) ©)=i§ HF< WA« 93 F4
Alez g3e 3AA glycerol®] Z&FALRA] ofr|E
F olcha &hedch(Hostetter 5, 1983).

F 714 A E) A= superoxide radical, hydroxyl radi-
cal ¥ hydrogen peroxide 5% 72 oxygen free radi-
cals7} AE 4 g9le] o\ FEH FE Fol
FEHAE Wil W3 Al o]Ee] HArlEA A
Axle] 2A RAFeHe-& R4 7 9o (Gold-
bergs} Stern, 1977; Simon 5, 1981; Moody<} Hassan,
1982; Weiss2} Lobuglio, 1982; Fantone® Ward, 1985;
Baud#} Ardaillou, 1986; Junqueira %, 1986; Weiss,
1986)), 41# ¥ Ao 229 adenosine triphos-
phate(ATP)7 49} ATP 3| 4HE-<l adenosine, inosine
%! hypoxanthine?] Z7}% Z3}v] hypoxanthine]
ol 2|sle] wj§ uk-E= el oxygen free radicalsdl
superoxide radical, hydroxyl radical % hydrogen pero-
xideo] s ALHA, L8 9l A8 Adute) )3
Habsiuk-g-2 B3 A ELEAS okr]A]7|=d(Paller &,
1984), AAHeog 222 WA A A (endogenous
scavengers)E 3131 2lel oxygen free radicals £
Abo]] )& wleid o 2 2Hg-5le] (Chance 5, 1979; Wen-
del?} Feuerstein, 1981), 3@ 3F<tdle WA A A2
+go) g ciPaller %, 1984; Wasil 5, 1987).2 3},
o]2]%} oxygen free radicalst= sulfhydryl oxidationg
Eilo] mald Eabs ol7)A1R 4 gk (Freeman¥
Crapo, 1982; Baud$} Ardaillou, 1986)3. st} Cata-
lase= o} FHatsbrt AHFELEH 2LAE G4
8le] peroxisomesel] FZ HEste(Chance %, 1979)
Histrid B ALR Balgdezn filslaes F
Zhell W2 Z3)EA-E Wolsle A9t girkx slen
(Frank®} Massaro, 1980), WAl zAl, oF&EFo] 3 3
742 ¥} 2 A4} oxygen free radicals 42
27127 ZA A catalase FAAET} F7hEH, I
catalase & F-135} oxygen free radicals®] o} Al o
2 Q3 2AeAE o d 4 gloia sh¢d ch(Gutteridge
%, 1983; Yoshikawa &, 1983). Superoxide dismutase
(S0D)3= hydrogen ion#} superoxide radicale] ¥F-2&}e]
Fatsbpa® H8A7) T A As catalaseo] 23]
3 Al B %o 2 #W(Baud2} Ardaillou, 1986) su-
peroxide radical®} 3}a)13lps 27} 2 Z AL AL

fa
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ulelslz a7} 9%, superoxide radical®} ¥AkElp
Z9}e] Bhg-& oa)sle] hydroxyl radicale] 4412
3A)7le o= 3 FA L&A wheldls B3} Slx
(Frank2} Massaro, 1980), Umeki S-(1988) 3} Harauchi¢}t
Yoshizaki(1990)+= 414# £ 4AKrenal parenchymal da-
mage)¥] =#]3Egl x5 N-acetyl-p-D-glucosaminidase
(NAG) $4 = Z7}8 ® 1a}si=vl, Chos} Cho(1993)%
AzAel e SOD BHE 7aE kF NAG BHE
27kt d3Ade] Uk Bt Al £4E gl
ok shedch

A Zager(1992)2} Zurovsky®} Grossman(1992)2
myoglobin A Al&Atat oxygen free radicals<lo]
AE B etg] 2 Shahe}l Walker(1988)F myoglobin &
A Aol w3l glycerol o FA4 AR 49
hydroxyl radical®] &g #@3AEY, 5 glycerol
Fol T AlYHoe] WAl E g o v hydroxyl radical 7]
9l dimethylthiourea(DMTU)S Fo43} 3ol AlxZ]
2] MDA &=kz}, BUN =9} &3 creatinine X7}
7+ 48191 22, hydroxyl radical A<l ¥ 23} iron?] che-
latorgl deferoxamined Foidt Il olAx HA Az
Z o] MDA 33} BUN =52} &4 creatinine %7}
Zastgen g glycerol ¢ AR-He|E hydroxyl ra-
dicale] 8¢ w7/ 24 2R-ghct 2 slgd et Guidete}
Shah(1989)= glycerol & Alf-de] Azl A 4l
Ao A #aksbearl F7kE F Fenton wHeol] 93}
hydroxyl radicale] A=t shgdct B A AE
glycerol Fol 2 &k o]&&] o & BUN 5%, ¥4 crea-
tinine % @ MDA #reko] Z7}3}¢l=d] o]2]3 BUN
=59 ¥4 creatinine FX¢ 71 Al$Abe ofn)s}
31, MDA &ake] Z7l= Al HA4rsnk-g-g B A2
2ALe oln)Elm, glycerol Fo & catalase AT = =
gl o) SOD e &5 &40 syt
E SOD #4x8 zhiol 2)3)F oxygen free radical?]
717} glycerol 2 F4 AE-Adel g & =LA
L2 o&5, catalase FHTE HEHHOE 27l=g]
Z|9tk glycerol 4 mi Fodgol Al glycerol 2mi Fo3F
o A Hr} zhAdle] Foffuked] uldlsled ZriEA] o
kvl AwkA <) catalase A x2] Zrl= SOD A% 9
Trave] WE A o2 5 =) glycerol 4 ml
Foj ol A glycerol 2ml FoiTel| A Bl zhigh 7o
gt o] Z-2 A7k et AlmEY glycerol ¢
A FAEALe] A F R A catalase FAEHRT} SOD =4
=7} o] #Ee] 9l AeE o SFd)

~
-

oy &

ZR

B ol A glycerol2 #++% A=A 1} oxygen free ra-
dicals9}2] A& Fgslat 417242 malondial-
dehyde(MDA) 3+8}, catalase &4 % ¥ superoxide dis-
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mutase(SOD) #AE9}, blood urea nitrogen(BUN) &
=9} ¥4 creatinine $55 ZA 3t ohgn e 2
A5 ek

1. MDA %=t (nmol/mg protein)

hF2 el 41E 3.09+ 0.382]3, glycerol(50% 2<H) 2
m/, 4ml ¥ 8ml FAFME 22} 350+032 (=
2] 113%), 4.09+ 059 (WF=2 132%), 6.23+ 0.87
(N Z=2) 9] 202%)ZF glycerol 2 ml Fo]ol & p<0.0],
4miel 8mi FojFelA: p<0.0052 5 F3] L8
& o r Fo8lA FrhE 9k

2. Catalase 45 (k/mg protein)

) F ol A 54.66-+ 14.46°]1 3L, glycerol(50% &) 2
ml, 4ml ¥ 8ml Fowrelie ZHzt 16527+ 27.05
(=22 302%), 69.33+ 1849 (N=A2) 127%), 222.36
+33.88 (AZ2] 407%)Z glycerol 2 mis}t §ml Sof
Toll 4] p<0.005& BF F3] F5HA FviE )

3. Superoxide dismutase 41X (unit/mg protein)

2T de 17.29+ 059013, glycerol(50% £-<) 2
ml, 4m/ ¥ 8ml FoFdAEe Zzt 1580+ 1.35(H=E
2] 91%), 14.65+ 268 (H=#]2] 85%), 11.89+ 343
(22 2] 69%)E glycerol 2ml FoiTelAE p<0.0],
4migt 8ml FoATe = p<0.005% BF F3] &
dexor FosA s

4. BUN &x (mg/d)

g &=l AE 13.55+ 0.71°]) 2, glycerol(50% £<Y) 2
ml, 4ml X 8ml FoAFNE= Tz 19.56+ 2.77 (o)
Z7) 8] 144%), 23.70+ 341 (H=X)2) 175%), 35.44+ 4.48
(N=%]2] 262%)% glycerol F-of F-ol| 4] p<0.0052 2F
33 &% &Aooz FoIA ZrlHAUCh
5. B4 creatinine -5% (mg/dl)

) =7l A= 048+ 0.040)3, glycerol(50% £<4) 2

ml, 4ml ¥ 8ml FodFelAE 27 0.60+ 007 (H=
22} 125%), 0.65+ 0.05 (Hzx9] 135%), 1.14+ 0.24
(A ==]2] 238%)% glycerol 2 ml ool A= p<0.0],
4mje} 8m/ FolTelME p<0.00582 25 F3] 4%
qEH o2 {3t vk

o]A2] Ax=E HE] SOD A xo] Zhimofl 23t oxy-
gen free radical® %7}7} glycerol & F4 A1=4] 0]
3t g Agrjde 7 ol&Ac), Catalase B4 == A
WPH 0 2 Zr)E|el] o] SOD B ES] Zhie] wE
AW Fdde g FEEhG ol Wi o] AL A7t

23ty ALEEY glycerol it AlzAEAke] A&
REA catalase 84 =X} SOD A4%7} o #3o] gl=
AR «j&Hr),

LAl o

£ QAFE 19959% @l ALRLEA FAd 7] 2| 4o]
ogste] Sastedslel A=Y,
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