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Changes of the Serum and Urinary Beta, Microglobulin in the Gentamicin Treated Patients

S8.T. Kim, M.D., Y.T. Shin, M.D., S.I. Chung, M.D., K.W. Chei, M.D.
B.K. Kim, M.D., J.S. Lee, M.D. and M.H. Lee, M.D.
Dept. Int. Med, College of Medicine, Seoul National University

Gentamicin is useful to the Gram negative bacterial infection, but its nephrotoxicity is a
serious problem and the incidence is probably increasing. The toxicity of gentamicin to the
kidney is site-specific to the proximal tubule. In this study, we measured daily peak and
trough level of gentamicin, serum creatinine, serum Beta,-microglobulin and 24-hr urine
Beta,-microglobulin in 10 gentamicin treated patients. All the patients had their peak levels
of gentamicin in the safe therapeutic range, and their trough level showed no evidence of
gentamicin accumulation.

There was no patient who showed his daily serum creatinine and Beta,~microglobulin rise
significantly.

But 24-hour urine Beta,~microglobulin showed significant rise from basal level (mean 5.8
+1.62X) on the 5th day of gentamicin treatment.

Thus, serial monitoring of proximal tubular function with urinary Beta,-microglobulin
excretion has votential value in the assessment of insults of gentamicin to this site.

But clinical significance of raised urinary Beta,-microglobulin excretion in relation to the

serum creatinine should be further studied.
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& FE Bl ol BEMMEEY BERFT o
WA FKeesled & wer-2-ulo]lz a2 Ll (B
microglobulin) & 248f R4 2Fsm'z®, o] %
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BRES) vl Eb-2-nlo] 22Tz Y0 FME Wiz,
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Aletute] ¢ Foubg FAY FRES ZE kel 6
FlE b wokend, Bk 14 AV gk
WRFA Migkel LA GI7F 261, REIMWE Mg
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GiFb 16, 2R Rl BfuEel AfFT H7t 1
gl Y EER MR B s oE BT A
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2) BEFHE

Aetnbol 18] $HEL MiiE creatininine fHe] K
e e sted, HEMET LA Ax BB
Ax 1.5mg/ke & SEfint i Ex BHEIAL,
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mg/kg & €A creatinine iz V¥ £%& sEEH0l
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B2 F A4 FESE

24B5R Ref Wl e} -2-mpelzzERER S AES
st A 1438 A 797A Hg 2eElx A 1083

Table 1. Age, Sex, Diagnosis, and Medication of the Patients

Treatment

Patients Age Sex Diagnosis

1 42 F D.M. 4+ Pneumonia
2 44 F D.M. +Pneumonia
3 55 M Panhypopituitarism+ Pneumonia
4 50 M B.A.+Pneumonia
5 32 M C.R.F.+Pneumonia
6 29 F Puerpual sepsis
7 24 M SLE+ infection
8 27 F Lymphoma + Infection
9 64 F Pneumonia

10 52 F Deep vein thrombosis

Penicillin+ Gentamicin
Penicillin+Gentamicin
Cefazolin+ Gentamicin
Penicillin + Gentamicin
Cefazolin+ Gentamicin
Cefazolin+ Gentamicin
Cefazolin+Gentamicn

Penicillin+ Gentamicin
Penicillin+Gentamicin

Cefazolin+Gentamicin
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A48 248 FE $7sle 0.9N NaOH = ot
kA7l &, WA (sodium azide)E Asbste —20
*Call Agg kg A%l 234 £ A6 WEsG

A Zaotel e B AT AESE WESY
20, Aetuteldl Mk BE = B RENE (Enzyme
immunoassay, EMIT?®) ¢ 2, w]e}-2-nlo]azg=
£9-2 MHBENERE (Radioimmunoassay, Pharm-
acia®) & o] g3le] A7 Eyalglel.
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1) Hejotolplel mh e

Aelete] Al BB 1BEM o] WEF Aleknfol 4l
 WERE (peak level) = BMFERAF 2 H4l4 4.5 p#g/ml
dl4l 8.2 pg/ml ALole] Welule] Qglon 2 il
He 33t T4 5.9340.67 gg/ml 6l 4] 7,141, 1 pg/
mi Ao} & f-x] st Aletute] 9] Mk BWEE %R
d BEEE A9EE & F AQqek EFF Aceknpo]
Al FEMES Esld WEBES BHEEL 10 pg/
ml Pk BES AR fie e REBEST B o
thil = BECl Sl e o 4 odgleh

AEtete] Ae] Trough i FEHEANA 0.2~2.1
pg/mlE FA5 G 3, Aletete)dl #8 2 ML &
Bte] 43 0.810.6~1.3:00.6 pg/ml & -2 315 el
& B dolA HHE F3 B 2.12/ml F Jely
24, A4 BANE 2.0 pg/mlo)kR 247 # oA
EWE £ BHe Mol ggrel, wleld] Aleiubo] e
Trough fi= A Fed7j k¢ Eated 2.0 pg/ml T2
fA3te] MBA AcieleiA ERALKL dU¢ A
oigtx A& 4 9 glch(Fig. D.

2) mF A 0lE|L (creatinine)

HEBE 100 b, 8% BFR2EE 2 =5 Km
HEEEE BT sHldlAe HEEM 0.9~1 2 mg/dl
2 EHEY R =t EEY wimdas g
&7} 2.5mg/dl o] 9l 02}, Alebule]dl #E 1He:
WAt 9.2mg/dl ol ek, i8H: BRZBE fwx
i+ 9.2mg/dl o] gich,

Aiebebe) Al HEUIMF B BREBEDS g
Z BEANA LW creatinine fix A4 E&Y Y
deded, FHEE L.0~1L2me/dleigm, HR £
B Figalol ol HEHER AET ol gl =
T EEAS F Zeolel YA E FEEdl wsl 0.5
‘mg/dl o] 4 HE ME g4 (Fig 3).
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Fig. 1. Peak and trough levels of gentamicin..
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Fig. 2. Serum Creatinine changes in the gentam-
icin treated patients.
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Fig. 3, Serum pB,-microglobulin changes in the

gentamicin treated patients.
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Fig. 6. 24-hour urine g,-microglobulin in the pat-
ients treated with gentamicin.

Bl A& 1mg/day o) she) v} M o) e}-2-u}e] =
2E2EdA) B dn BE 4FdAL B v
El-2-nle]l 22 F 2R X 1mg/day o] WA g},

Aebato] Al T £ BEAA 2A4BER R W ek —2-
vhol 2222 E9-& B{msle WAS vy, 244
7k A ] BREEST [~5mg/day & el mEst 3
7 .o, 5~10mg/day & 3f, 10~15mg/day
= 2, 15~20mg/day & 161 dgv}. =3 &k
ISR RIEREE 2447 R W} —2~“]'°]5-5’:a"i$:
gle] 47 mg/day B v}8}, 45~50 mg/day 9 1S
A st ) (Fig, 4),

Aetrteldl £ A, 24F5f R wlEl -2-nfolmEF
EEle] BRAMY o2 T 2 B4 2R
del, % 4B 461, 5 Bl 200, %6 Hol 16, &
7 Bl 3BI7F A% REMES WEl -2-rlelzzEEry
glo] WA st =) (Fig. 5).

BRI E 24F5R R v El -2-wlelmmFriae
A1 HPE Bstd, Ty EEMS 1130, 1740
2elz, %2 Hell: 2.570.55(%, &3 dedl 3.7+1.
526 =3, Al 4A5}, A SHel: %44 5°5+1.62
5%, 5.8-1.62%0) FHigell E3t F Alelnjol 42 =
A7t A S sk A 6 BYEE FAe
of, A6 HelE 4.721.52f%, A7 Hol: 3.7+1.04
&%, AMI0HAE 3.720.48%, A14HolE 2.64-0. 526%
% #Asted o (Fig. 6).

W El-2-mlo]l a2 F2 a9 fpdkiEi(clearance rate)
-E KBl 0.320.60ml/minelw] Ro) Alelufo]
Al T3 5Fhstd A1 el 0.540, 3ml/min, =] 3
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Fig. 7. B,—microglobulin clearance in the patients
treated with gentamicin.

Hell 1.340.56 ml/min & g A $3sld, A4 H
8] 1.840.43ml/min 2 HFd E2§ F Attaiol4dl
Ee7t ALHelE, 248 R wE-2-vhol2E2E
22y}t 2o Ao R Fhslte Al 7 HelE 1710,
66 mi/min, A 7 Aol 1.2-+1. 1 ml/min 2 A3
28 KEME e, AA7H 2 A0 «e-2-
stz 229 BRERE HKIHBPHoE FES
Em=Elal 9=} (Fig. 7).
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Al e}nfo] & Micromonospora purpurea oA #iHH
= aminoglycoside Fiftdl HAMEAD, & FEEY
2% pERd REFHES MY EREAALE ¥
BtEcl Beld T REIER A, BRSEE
IHBEESE, 58 %IBHE (Pseudomonas) BYLSE, ##
JH (Proteus) RYiE, BAME (Enterobactor) e
3 =g Bl o2l (Klebsiella) i fiEodl $2 SRR
ol 3k WIEEL £= WA B, MRBR EHA
fepgel dE BEAY BRES] EEFEREE o Fx 3l
ov, Aetubol e MHRMEYE Bh—kd = &
TR HHel dAR, Mk 5 BRELS 16
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fr#e] =& fp 2 b 8, Microglobuiln BB BT WHE—
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= B, RKE 4% A%, BEEL HFHS=
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Bie Bt e 258 & A0 AR B
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A6l gt ABBH FANAE Asklelds 2B &
Hatg ¢ dol = BEf MRE Allcl M@y 8L
7b delvie], BE#AES (Myelin body) 2helHBHIdl #
BE & 4 dvh HEY AetelolAl RERE BT
frRE M WEFAE EREHNoE 39 T
Aep, weba Aleteteldls] FRiEE BHEMMRKE
8 #fgel BEyels, oldl Arkutoldld EEHKL
BEMMERES AFTEH BT 22 HARWREE
B Fol 7l At Fske BEE o0,

Ko Actuteldel BWHNELS HRIREAE
B sk RigEne] BPE wele FRARE St BX
BfEe] HEWOINT, 2 daE 53 BHEAMMRES]
RELER Q¥ BRR, BER 55 vehd 4 glob™
. Aetetel A A7k FeA gl doll= BHES
REE WBS EIamiE, EehdsmESe #
B, L@ Arbleld Fd4, 4¥FEAA
R viebd FE g,

ol#E g AletutolAle] HHEE A dFF el
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+ FARgel g3t BESAA HBEH, BiEEl
A AR BENAAE ehded ™0, 453 Aletule]
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28 obe) Wl (creatinine) fie T MWES L ¥
T ge, Arkelelald Yt kel Hid B
FolA ) BlpozLy 3~7Ho Asbsledol M
e R BHEES W] BRI G gl
Aeketol Ao ik WBEES FiEste] BIEkkel e
o A AE = EE, & 10 pg/mlo]lshz Arkabel 4l
9 gL 2ANE HEE QL F Qo) $3ER
o] & R BEFANE BEMe) Blse 49 doh

webd Alerubel Aol BiEte] FIM B M ARG S
FAez Yehte Aol ¥a F, BEAEREY
BER Jehs BER, BER, 5T ik S
Hat dT7F AR = AL B el shgl s,

Wel-o-nhol 222 B HEMABIA 445
Hikaaol A Hh=e EslE STE 11,8008 =9
EATF whilo2 k#Ae] BEMMREANA AE+a
oh BRGNS ASFE WS BEEe] A,
% &yoe WA E e 1mgd 3R FE
ttn g QBB weld v El-2-sle] 2 RER
29 Rk MAdge WECHREY BEREES B
Kiesh Eoba sk son®, ,

W eb-2-lo] 22 R Ele] FEMHREAA AF
43 o, ol EiEH: obn]xAkel Lysine s} 7 ghake)
ol YA Hep, 3} Lysine & MR obr] :=2e
LA ERY HikMs AFHLE KATE 4ol
Q™ AF BEAMEE Ml Ao FElk 4 ol
A Aetete] At web-2-wlel a2 EAL A2 B
Ao 9 4 Ak 2ely sE-2-mle|mzgE
299 EEEe) Arkulel A WEES N£RE
W9 B WA web-o-mlelmRTE e AFF
b deldo g Rl HYAAS] Hanez: A
Ehabol ALY #EEE W El-2-mlol 22T EERAS R
HAS/HE BT + A=k

Schentag 5-2 aminoglycoside FiA KIS 43 &
EF TI%ANA 2447 R wek 2ol 2222 299
A% Bt on, 31%604 miFE =@ obeld (cre-
atinine) 2] #mME Fstgch. TES Web 2w
ol22gR LAY 2447 WAkl 50mg/day o] 4l
Bt A EKel BEK, S e ok 4
%% AALE fi7l geba Fgshg e

HE0 PREES 2R, 24 B wlek-2-nfe] =z
E2F2Eae Aletubol Al KRy, HEME » st F
¥ 5.8+1. 626% WhnstA vl Kb M ) el-2-v}
lZETREAL BINEA Pt BoT nol 24
R vleb-2-mlol azgoiae Wt EEEY BN

<

p3

o] ohd BHEMMRES BEREG dg
AEFRfell 71 A & 5 doh =T Aekt
ol Al {RELEE 100 ZBelA 24858 JR ) b-2-mlo]
22z a9y BHE 2 5 Yol 248 R web-2-
nlolz 22 Ea WE AstetelAe W FEEE
dmlatAl Kk FE HELS FAT T A9+

2 2485 R wet-2-mtel 2222 Eu e W4
ofo] wlaa kA gkol S50mg/day & Z3A% BHE:
Aqon, 2488 R Wel-2-wtel 2222 W
Aol Figel ol 2 HHE Astete]dl T F 4~TH
ol glel, Schentag %o [ Tob& Abeldt A& X
gk, _

olelgre EELE FHY BEMEL viuy FL d
golglm, A = ok3sly] HER I A
AR Bl et A3E ¢ Yok HekA 24EH
R ol e-2-vlelangeddd FUhek EERAY FEG
8 FAle s FHEA dkod o' BER
A Artupol Al AL BREFAE FTn 245H R
W el-2-vpol 2 22 Ealo] HafEd Ed F o}A 3
£33 AggE 2 AL FEL Btz stk
ol olmlE EEML MKEC WHEE T I{Se
H3¢ Kekste Aeolzly 324 4 40 BEl
Kol WEse 3, 2T FA do] FAT B
we e T gk

weld oho B 24BH R elE-2-mlel22ERER
s RN FEste %A & 2400 R el -2-ato)
z2g2Ead WGt v FAL BEZ A
L= g

ol A4 A
o

V. & i

EEL 19804 3HRE 7THRAA ALKERERE A
Mol Qaste) Aetfel A S RENIGW A% BEUE
BE 105S Ao Aletulo] e mABE, mMFEZL
dlobelyd, i o 24BFR R weEl-2-wlelz2 R
1% FEste vhest 2o 23F A

1. Aelepel Al MmbEEE BRRE (peak level)
x 4.5~8.2 pg/ml, Trough iyt 0.2~2.1pg/ml &
A5t A E gl s

2. My =8 oleld (creatinine) i Alebato]Al &
H7 7% A AYalA HEBRNE FEY BhE
Ro|A erstv.

3. BF wHEl-2-vlelz2F2LAfEEe  Aekete]4l
BHA 2F A AYAA HABRNSE FEL B
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o, 2 P#EEE Hdds A%E gl
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A Kgaehe A4S 4 5 ddoen, olel BKM
FEHEESY FA= 207 yEsn 47
.

(F WEE % RE IEad 4 B =308 #
B, BB 4499, BYT 44944 = s B
ol ol BahEte] T4 HBEH A FA=A
)

al o &

REFERENCES

1) Finland, M.: Changing etiology of bacterial in-
feciion as velated to aniibacteriotherapy. J.
Infect. Dis. 122:419, 1970.

2) Hewitt, W.L: Gentamicin: toxicity in perspec-
tive. Postgrad. Med. J. 50(suppl.):55, 197 4.

3) Luft, F.C., Kleit, S.A.: Ren.al parenchymal

accumulation of aminoglycoside antibiotics in

rats. J. Infect. dis. 1530:656, 1974.

Edward, C.Q., Smith, C.R., Barghman, K.L.,

Rogers, J.F., Lietman, P.S.: Concentrations of

4

~

gentamicin and amikacin in human kidneys.

Antimicrob. Agents. Chemotherapy. 9:925,
1976.

5) Schentag, J.J., Juoko, W.].: Renal clearance
and tissue accumulation of gentamicin. Clin.

Pharmacol. Ther. 22:364, 1977.

6) Kosek, J.C., Mazz, R.I., Cousing, M.J.: Nep-
hrotoxicity of gentamicin. Lab. Invest. 30:48,
1974.

7) Cronin, R.E.: Aminoglycoside nephrofoxicity:
Pathogenesis and prevention. Clinical Nephrol-
ohy 11(5):251, 1979.

8) Schentag, J.J., Plaut, M.E.,, Cerra, F.B., Wels,

P.B., Walczak, P., Buckley, R.J.: Aminogivc-
oside mnephrotoxicily in critically £ll surgical
patients. J. Surg. Res. 26:270, 1979.

9) Fee, W.E., Vierra, V., Lathrop, J.R.: Clinical

10

~—

11)

12

~

i3

~=

14

~—

15

Pt

16)

17

~—

18)

19)

20)

evaluation of aminoglycoside loxicily. J. Anti-
microb Chemolherapy 4:31, 1978.

Smith, C.R., Maxwell, R.R., Edwards, C.R.,
Rogers, J.F., Lietman, P.S.: Nephrotoxicity
induced by genta;m'cin and amikacin. Johns
Hopkin's Med. J. 142:85, 1978.

Barza, M., Lauermann, M.: Why monitor serum
levels of gentamicn? Clin. Pharmacokin 3:202,
1978, ,

Peterson, P.A., Evrin, P.E., Berggard, I:
Differentiation of glomerular, lubular, and
normal proteinuria: Delerminations of urinary
excretion of bela,-microglobulin, albumin, and
total protein. J. Clin. Invest. 48:1189, 1969.
Schentag, J.J., vSulfion, T.A., Plant, M.E,,
Jusko, W.].: Early detection of aminoglycoside
nephrotoxicity with u;’inary beta,~microglobulin.
J. Med., 9:201, 1978.

Siber, G.R., Echeverria, P., Smith, A.L., Pai-
sley, J.W. Smith, D.H.: Pharmacokinetics of
Gentamicin in children and adulls. Ann., Int.
Med., 85:183, 1875.

Weinstein, M.J., Luedemann, G.M., Oden, E. -
M., Wagman, G.H., Rosselot, J.P., et ‘al.:
Gentamicin, a new antibiolic complex from
micromonospora. J. Med., Chem. 6:463-464,
1:63.

Simberkoff, M.S., Rahal, ]J.J.: Parenteral ami-
noglycoside antibiotics 1977 Clinical Use N.Y.
State J. Med., 77:81, 1977, k
Barshay, M.E., Kaye, J.H., Goldman, R. et al.:
Acute renal failure in diabetic patients after
intravenous infusil;n pyelography. Clin. Nebh.
1:35, 1973.

Barr, G.A., Mazze, R.1, Causins, M.J. et al.:
An animal model for combined methoxyflurane
and gentamicin nephrotoxicity. Br. J. Anesth.
45:306, 1973.

Baglis, C., Helmet, R., Rennke, R., Brenner,
B.M.: Mechanisms of the defect in glomerular
ulirafiltration associated with gentamicin adm-
inistration. Kidney Int. 12:344, 1977.
Kahlmeter, G. Kamme, C.: Prolonged excretion
of gentamicin in a patient wilh unimpaired



21

22

23

24

25

26

27

28

29

~—

)

<

)

P

Daid

~—

=

~

—KEREGEE S4B 2% BE 5235 1980—

renal function. Lancet 1:286, 1975.
Jerrauld, R., Silverblatt E.J.: Genfamicin may
enter the renal praximal tubule cell across the
luminal membrane. 17 th Interscience Conf. on
Antimicrobial Agents and Chemotherapy Abst.
349, 1977.

Houghton, D.C., Hartnett M.,Campbell-Boswe]l
M. et al.:
analysis of genmtamicin nephroxicity in rats.
Am. J. Path. 82:859, 1976.

Wright, F.S.: Intrarenal regulation of glome-
rular filtration rate., N. Engl. J. Med. 291:

135, 1974.
Thuran, K., Boylan J.W.: Acute renal success,

A light and electron microscopic

the unexpected logic of oliguria in acute renal
failure. Am. J. Med. 61:308, 1976.
Adelman, R.D,, Counzelman G., Spangler W.,
et al.: Enzymuria: an early sign of gemtamicin
nephrotoxicity, Kidney Int. 10:493, 1976.
Schentag, J.J., Gengo F.M., Plant M.E., Dan-
Juoko, W.J.: Urinary

casts as an indicator of renal tubular damage

ner, O., Mangione, A.,

in patients recetving aminoglycosides. Antim-
icrob. Agnets Chemother. 16468, 1979.
Holmes, A.M., Hesling C.M., Wilson T.M.:
Drug-induced secondary hyperaldosteronism in
patiénts with pulmonary tuberculosis. Q.H. Med.
39:299, 1970.

Cronin, R.E.: Aminogiycoside induced glycosu-
ria in the dog. Clin. Res. 26:461, 1978.
Evrin, P.E., Peterson, P.A., Wide, L., Bergg-

ard, J.: Radioimmunoassay of Beta,-microglo-

_17 —

30)

31

32)

33)

34)

35

36

37

=

~

~—

bulin in human biological fiuid. Scand. J. Clin.
Labd. Invest. 28:439, 1971.

Evrin, P.E:, Wibell, L.: The serum levels and
urinary excretion of bela,~microglobulin in
apparently healthy subjects. Scand. J. Clin. Lab.
Invest. 29:69, 1972.

Wibell, L.B.: Studies on bela,-microglobulin in
Dbatients and normal subjects. Acta. Clin. Belg.
13(supppl. 8):14, 1976.

Maack T.: Renal handiing of low molecular
weight proteins. Am. J. Med. 58:57, 1975.
Fredriksson A.: Renal }zandling of beta,-micr
oglobulin in expertmental renal disease. Scand.
J. Clin. Lab. Invest. 35:591, 1975.
Mogensen, C.E., S¢lling, K.: Studies on renal
tubular protein reabsorption: Partial and near
complete inhibition by certain amino acids. Scand.
J. Clin. Lab. Invest. 37:477, 1977.
Whelton, A., Carter, G.G., Criag, T.]., Bry-
ant, H.H., Herbst, D.V., Walker, W.G.: Comp-
arison of the intrarenal disposition of tobramy-
cin and gentamicin: Therapeutic and toxicologic
answers. J. Aniimicrob. Chemother.4 (suppl.):
13, 1978.

Schentag., J.J., Plant, M.E.: Patterns of uri-
nary beta,~microgloublin excretion by patienis
treated with aminoglycoside. Kid. Inter. 17:
654, 1980. .

Trollfors, B., Alestig, K., Krantz, 1., Norrby,
R.: Quantitative Nephrotoxicity of gentamicin
in nontoxic Doses. J.Infect. Dis. 141(3):306,
1980. '






