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Renal pathways for excretion of sulfadiazine has been studied

by standard clearance technique in the rabbit.
- 1. Large part of sulfadiazine filtered in the glomeruli is
reabsorbed in thé tubules, as visualized from the fact that
Csd (clearance of sulfadiazine) amounts only a fraction of sim-
ultaneously measured Ccr (GFR).

2. Csd changed linearly with the rate of urine flow, whether
it is increased by the duir etics or decreased by clamping u
reter. '

3. Csd remained unchanged until the plasma level of the
Csdremained unchanged drug reacked 10.0 mg%, and the amount
transported in the tubules increased linearly with the increase
in the load, exhibiting No maximum capacity for transport.

4. Csd was increased by 2,4-dinitrophenol which is  an
uncoupling agent of oxidative phosphorylation and decreased
by probenecid which is on uricosuric agent.

5. During sodium bicarbonate infusion net secretion of sulf-
adiazine by tubules observed.

All the evidences obtained in the rabbit indicated that
sulfadiazine was reabsorbed by active, energy-requiring, or
passive, simple diffusion, process, and secreted simultaneously
by a probenecid-sensitive, active procss. :
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B1EE 0.9% £HEABEKE HEATY KRES EMhAg FKEd sulfadiazines HE-
sto] o P& #Eet BREERC vAs BEE BEY fibh REH ERF) o
olu of RE-L extracellular fluide] #mset Nat HRilkze] #ime s H3le] saline diure~-
sist”i8)& yehd o},

Sulfadiazine-2- 2fie] REY RRIEAZE(glomerular filtration rate=G.F.R)-& sl
the 40mg/kg® F4E 0.6mg/kg/min. & ATt 415 st At o9 RE)J GFR.
of FlEghe] Lo}t Csd(sulfadiazined] clearance): R o] HBIst w3 Jelgon

Table 1. Pattern of renal excretion of sulfadiazine.

Sulfadiazine
Time Vol Ccr Usd Psd Csd Filt excre Reab
(min) (ml/20min) (ml/min) (pg/ml) (m!/min) (pg/ml) (%)
0-2 020.0 5.00 0 0 0 0 0 0
20-40 13.0 4.50 0 0 0 0 0 0
Sulfadiazine, 40mg/kg, I.V.+0.6mg/kg/min
40-60 12.0 4.10 107.0 120 0.54 492 64 87.0
60-80 20.0 5.00 110.0 130 0.85 650 110 83.0
80-100 24.5 5.00 125.0. 142 1.8 710 153 78.4
100-120 19.0 4.00 141.0 166 0.81 665 134 79.8

Female rabbit, 1.5kg, anesthetized with 1g/kg, urethane,s. b. Urine collection from ureter

with indwelling catheter.
Abbreviations: Vol=rate of urine flow, Ccr=clearance of creatinine, Csd=clearance of

sulfadiazine, Usd and Psd=concentration of sulfaidazine in urine and plasma, Excre=rate of
excretion of sulfadiazine, Reab=fraction of filtered sulfadiazine reabsorbed in tubules.

BE A Y4 Ca(=GFR)ur} Yoz FHRIKE S 44 At

olw] o] renal tubuled] A 2] BWRKEL 78~87% ER Goodmane] HESH® —Fslu)
SR 4 J8ER sulfadiazines] Kol BRIE S dehiz 314t v

o} 7l Al sulfadiazine?] clearance RE #Hho] BEY BFUL AFT + Adch
wetd KBS BLA7E BRS $HASE BT

#2%%E 5% mannitolg EAS] RES BINAR Lo sulfadiazines] Wl o) o] x& o
HE R 'R ok

Mannitolg HEASZ) i KEol 2.8,1.3ml/20mine] A 604#4] 8.6ml/20min. o2 ¥ 4658
Eing st &« Csde 0.37ml/min. o 4] 0.88ml/min. & # 3£z7}=F Einstel = Csd/Core—
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Table 2. Influence of mannitol diuresis on the excretion of sulfadiazine

Sulfadiazine
Usd Psd Csd
(pgl/m.) (ml/min.)

Time Vol Cer Csd/Cer

(min.) {(m1/20min.) (ml/min.)

~240: Infusion of a solution containing of 9g NaCl, 2g creatinine in a liter into jugular
vein, with 1m//min.
—~20: Prime inj. of 20mg/kg sulfadiazine, and 0.5mg/kg/min sulfadiazine was incorporated

into infusion.

0-20 2.4 5.08 96.0 48.3 0.338 0.070
w20-40 1.8 4.92 193.0 47.0 0.370 0.075
41 Infusion changed to 5% mannitol solution.
-40-60 4.8 5.35 107.0 45.5 0. 565 0. 106
60-80 6.2 5.80 117.7 43.5 0.840 0.145
80-100 8.6 5.30 85.8 41.8 0.8380 0.166

Male rabbit, 1.7kg, anesthetized with 1g/kg urethane, s.b.
Urine coliection from ureter indwelling catheter.
Abbreviations as in other tables.

0.070, 0.075¢] 4] 0.1560.2 2.5f%8] MWimzs el o 9gich B renal tubules] A K432
BBl HeIste] sulfadiazine?] reabsorption ratex. A AL 4 3Tt

#5332 natriuresisE d 2o ?% Eﬁjjw} FIRERS Jehls Furosemide??g 4mg/kg/
30ming £HAste] EAE A & WA AL sulfadiazine?] W3 RAE BT Ao
th. ol 2 GFRY #{Le &4 %19;12»} Csd: R s@inel Hoste] #KE & 5 9%

Table 3. Influence of diuresis on the excretion of sulfadiazine

_=549: Infusion of a solution containing of 9g NaCl, 2g creatinine in a liter into jugular
vein, with 1ml/min

—8): Sulfadiazine 20mg/kg i.v. +0.5mg/kg/min, added to the infusion

T Sulfadiazine
Time Vol Cer Usd Psd Ced Csd/Cer
(min. ) (m//:0min.) {(mi/min.) (pg/ml)
0-20 2.20 10. 40 113.0 67.9 1.83 0.175
20-40 1.80 8.50 108.0 63.0 1.44 0.170
Furosemide, 4mg/kg/30min.
40-60 57.00 8.00 78.0 68.9 3.24 0. 405
60-80 54,00 7.32 57.6 69.2 2.24 0. 362
80-100 21.00 7.60 84.3 68.9 1.90 (.250

Male rabbit, 1.5kg, anesthetized with 1g/kg urethane, s.b Urine was collected from ureter
vith indwelling catheter. Abbreviations as in other tables.
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Table 4. Effect of clamping ureter on the clearance of sulfa.diazinei

- Time ’ Vol Cer Csd Csd/Ccr
(min.) (m!//min.) (ml/min.) (ml/min.) :
L R L R L R L R
0-20 1.33 0.88 3.13 4,34 0.90 0.80 0.287 0.189
20-40 1.23 0.80 3.95 3.17 0.84 0.91 0.213 0.287
Left ureter clamped ' ‘ v
40-60 0.35 0.90 2.39 4,17 0.31 0.70 0.130 0.168
60;80 0.35 1.05 2.91 4,53 0.32 0.77 0.110 0.170
Clamping removed ‘ )
80-100 1,00 0.95 3.84 4.05 0.54 0.69 0. 140 0.170
100;120 0.90 0.83 3.14  3.92 0.50 0.66 0.159 0.168

Expt, No. 22, male rabbit, 1.75kg diuresis was induced by infusing 10% mannitol solution
with a speed of Iml/min. creatinine and sulfadiazine were included in the infusion solutien.
Both ureters were catheterized with P.E. tubing after median laparotomy, and urine was
collected separately. L and R were kidney of left and right side. Abbreviations as in other
tables.

ow Csd/Cere 0.175, 0.1700] A 0.405, 0.362=% HEMHEQ BiNe &4 9o

%45 = 10% mannitol Imi/min. EE S HE Ao diuresisS o R mHS #f
R} renal tubule%ﬂ A ehFot wEA ¢S sulfadiazined] WAL o¥A H=7t
5 naA g

ol —fll FhS HE= st MMl BEe catheterg 7b¥A  clampingste] RO
HiEs 1/08EE 2984 Cos EHT Bdstes st AEHA AL ohvglon Csde
RES WAet e A2 Bode 24 d4o.

ohal ureters] clampg $Fd REL Aol
EED we Csdz 35 & &5 UAh

oluj 2] Csd/Ceri= $HRE 2] 0.187¢] A 0.1682
gt ded Kt HRES RY HE
1. 23ml/min. o] A 0.35m!/min. = Z+4Fe] KA
ko] 0.21361 4] 0.1300.2 F4E ebich
A7le] A A R FHiEs Csdehe] HEhat
Fig. 1. Relation between the clearance of TRUBIRE: Retel HeHFig:1.).

sulfadiazin‘e and raté of urine flow. Fig. 1. o 4 zwhst %9] r=0.8642 K&}

Csd=clearance of sulfadiazine, Csdfdlel] FET WMET J8€ 2952 et
Vol=rate of urine flow .

The protocal of the experiment (1) Sulfadiazine Clearance (Csd)2l mif
was shown in the Table 4. riREESLe| BRGR

Cso |
mi/min

) Y= 067X+ 115
75 /~=(M’64L

0}

73 5 mismin
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Table 5. Influence of raising plasma levels of sulfadiazine on the clearance of sulfadiazine
and other parameters of renal function.

“Time Vol Ccr Usd Psd Csd Csd/Ccr
(min.) (m1/20min.) (ml/min) (pg/mil) (ml/min.)
0-20 3.4 12.90 0 0 0
20-40 3.6 15.95 0 0 0
Sulfadiazine, (0. 2mg/kg/min. ) added to the infusion
40-60 5.3 15.30 139.5 32.8 1.13 0.074
60-80 4.3 16.20 197.0 36.1 1.34 0.083
Sulfadiazine, (0.4mg/kg/min.) added to theinfusion
80-100 3.4 15.50 280.0 43.0 1.11 0.072
100-120 1.8 11.28 169.5 42.5 0.36 0.033
Sulfadiazine, (10mg/kg) I.V.
120-140 3.5 13.90 472,0 64.0 1.29 0.093
140-160 14.1 18.20 122.0 60.0 1.44 0.078
Sulfadiazine, (30mg/kg) 1. V.
160-180 16.5 12,50 200.0 100.4 1.64 0.122
180-200 11.5 7.62 136.0 73.8 1.06 0.151

Expt, No. 9, 1.5kg. Diuresis was induced by infusing 3% glucose, 0.3% NaCl solution
with a speed of iml/min.

Creatinine and sulfadiazine were included in the solution. Urine was collected from ureter
with indwelling catheter. Abbreviations as in other tables.

AR BB sulfadiazines] K#Gol MREAA BRI £ o BRIk o
“Carrier-mediated” processel] fk3sto] BEFIHYC S o] Fol A}yl o] pumpe] load(&TH)E
st} #fAl7)m Tm(transfer maxima){fo] o] 2 Aol Csdx AA #AA GFRY w)
Z5HA = Aotk o]l L& active reabsorption processe] FAEHAS  WERSr] 9o
Riol =27 #5h2 % B A MRS BES WiRWoz @A g

ojuf o] FhErell A= water diuresisGKFIR)E oA RiEe) —EsHAE# 2 clearanceff
o R sulfdiazineg 0.2mg/kg/min. 2 st vl o}-& 2 clearanceie] #e] b4 0.4
mg/kg/minz 4 sulfadiazines A glpgo = WBEIG MmEERS BEL 10.0 mg% 72 3
fAth olel 9 GFR3} urine flows 24 #835}7] @oron] Csdx 2 (k- 914w Csd/Cer
7b Hfze] periodell A FHF BN A & RES Bind EEY Aoz B

Fig. 2 o] E&o A tubular load(Psd x Ccr)$} transported amounts(Psd x Cer— UsdxV) o}
BAtRE R & z3olg.

o) Z¥ A BiE-& sulfadiazinec] Tmrt F75sl “carrier-mediated” processe] #&3ho)
BEBDIRZ (Tm-limited active transport)® 7 $-% AR ghigol . AEE Ax sulf-
adiazine?] BRIkl = Tm-Valuer} ¢leowl whiebd “carrier-mediated” processz} obd-&
%t Agieh
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ng/min (] Csdojl njx& 2 4-Dintrophenole] &

t}-2o] = Oxidative phosphorylationg unc-
ociplest= HE=z  ela™ 2,4-DNP7} s

5

Tso
) e ulfadiazines] BRel oW HEE ¥IAEAE
) v stgch. water diuresis2A REC] —
5 . - sEste] Al #% sulfadiazined] MFA BEE ste-
/'/ ady statez &rhS controlzs 3¢ clearance

o 3 %2 %‘/5 Lg:d mymin une)l RS 2 4-DNPS 10mg/kg2 AR
. » th. ojuj 9] Cer: EF WA E vebf ot Csd
Fig. 2. Lack of maximan capacity for sulfa el ) N

diazine transport. £ 239 Binstale

Transported amount, Tsd CsrxCed  Sylfadiazine®] FHRIKE S 83.9, 84.6%q] A

—Usdx V) increases linearly with the o‘ - e o N

tubular load(PsdxCcr). Hypothetical 61.7, 66.3%% R 6},%1 oo e EF#

curve which a Tm-limited reabsorpt B2 47.4, 48.5pg/min.ofl A 81.2,71.9xg/min.

iveprocess would exhibit was shown = @heks o, 2. 4-DNP #3546 urine flow>}

in the right lower part of the figure -

(dotted line). The protocal is shown HTS RINE 257 =2l Csde} 07} ol

in the table 5. o] FEE=E %3} Csd/Vol, Bl e Efr Hib
“Bofl ¥t sulfadiazine®] HefiEgol 2.72, 2.9560 A 3.70, 3.552 #y 30%7F BAIFIGHE
vER L §lel sulfadiazine®] clearanced] -t R MHES iEmel ERSIAcT ¥
+ ot ohA] wale 2.4-DNP7} sulfadiazines] BRIE Mgistd oz Hhift-g @Al

Table 6. Effect of 2,4-Dinitrophenol on the urinary excretions of Sulfadiazine.

. Sulfadiazine
Time Vol =~ Cer Usd Psd Csd filt excre reab Csd/Cer Csd/Vol

{min. Y(m//20min. )(m//min.) (gg/m!) (ml/min.) (gg/ml.) (%)

—240: Infusion of a solution containing of 30g glucose, 3g NaCl, 2gcreatinine per liter
into jugular vein, with a speed 1ml/min.

—80: Prime injection of 20mg/kg sulfadiazine, and 0.5mg/kg/min. sulfadiazine was added
into infusion.

0-20 8.4 9.04 126.5 27.5 1.93 248.0 53.2 78.5 0.214 4.60

20~-40 12.0 = 10.30 79.0 29.2 1.63 294. 0 47.4 83.9 0.158 2.72

-40~60 10.9  10.50 88.2 30.2 1.62 315.0 48.5 84.6 0.154 2.95
2, 4-Dinitrophenol (10mg/kg) 1. V.

60-69 14.2 8.40 85.5 27.2 2.23 228.0 60.6 73.3 0. 266 3.14

80-100 16.3 7.90 99.0 26.8 3.03 212.0 81.2  6L7 0.384 3.70
100-120 15.7 8.27 . 91.0 25.8 - 2.80 213.0 71.9 66.3 0.339 3.55
120-140 17.0  ~8.08 64.5 24.3 2.26 196.0 54.8 72.0 0.280 2.65

Expt. No. 13, male zahbit, 1.5kg. Abbreviations as in other tables.
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A Aoz BEsEc
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Alkalosisg .07 E#ol A+ 2% NaHCO.& el ok Fmstel Iml/minz EAS G o
°| 9 sulfadiazine®] IMiEA WEE 11.2mg% 7= @&t o Hhol A Csdi Mg
2 BBl Hefistel MAstglen), Cerske] Hze] 1MTFolA 1plkez  EFse] Nt

reabsorptionsl] A net secretiono & ulA A& B4 919t}

Table 7. Influence of raising plasma levels of sulfadiazine on the clearance of sulfadiazine
during alkalic diuresis.

Sulfadiazine
Time Vol Cer U P Csd Csd/Cer
(min.) (m!/20min. ) (m//min.) (pg/mi) (m!/min.)

—240: Infusion of a solution containing of 2% NaHCOs, 0.9% NaCl into jugular vein, with
a speed 1ml/min.

—60: Prine injection of 100mg/kg sulfadiazine and 0.2mg/kg/min. S.D. was added into

infusion.
0-20 26.0 8.35 88.5 28.7 4.02 0. 48
20-40 28.0 9.10 100.0 29.3 4.74 0.52
Sulfadiazine (0.4mg/kg/min.) added to the solution.
40-60 18.0 7.38 523.0 62.5 7.40 1.00
60-80 26.0 6.38 426.0 65.8 8.42 1.22
Suifadiazine (10mg/kg), I.V.
80-100 16.0 7.09 875.0 85.4 8.20 1.16
100-120 16.0 7.58 765.0 68.0 9.00 1.19
Sulfadiazine (30mg/kg) 1. V.
120-140 19.0 8.23 1250.0 114.0 10. 40 1.44
140-160 17.0 7.02 1095.0 102, 0 8.90 1.27
160-180 16.0 7.10 890.0 84.0 8.48 1.20

Expt. No. 12, Male rabbit, 1.8kg

Abbreviations as in other tables.

[ V] Sulfadiazince] RpEEH#o] 25t Probenecide] g8

oh&-& RERBEIE-S BinA 7l 24 FREEHES 2ol probenecid®®?7}  sulfadiazine?]
Aol W FAE HEkaA ok H9EE old EEEhY shtold

o] EEl A& probenecid®] 353 FIRIMEAS™ Kukstel RiEol HT #instyl ol

o 7]l A sulfadiazine®] o shef(HIRD] B AR #Hsba] ggron} Csde HRIE
et 39%, HEBE(Usdx V)2 32%, Csl/Cer: 35% mArsldm Csd/vole 8. 156 A
4572 BESA BEEL BAE 1Ak o4 BRIKERPsdxCer—Usix V)L 12%9
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Table 8. Effect of probenecid on urinarv excretion of sulfadiazine.
Sulfadiazine

Time Vol Cer Usd Psd Csd filt excre reab Csd/Ccr Csd/Vol
(min. )(m{/20min)(m!/min) (ug/m!) (mi/min.) (pg/min.) (%)

S 0-20 7.3 8.26 457.0 73.5 2,30 . 608.0 169.0  75.8 0.278  6.20
20-40 6.0 8.86 5420 743  2.19  659.0 1630  75.2 0.248  7.30
40-60 5.2 81l  695.0 743 2.12 6040 157.0.  74.0- 0,261 - 8.15
Probenecid, (25mg/kg), 1. V. +25mg/kg/hr
60-80 6.9 9.00 3830 70.1 1.91 640.0 1340  79.0 0.212 545
80-100 8.2 9.10 240.0 756 1.84 686.0 139.0  79.8  0.202  4.50
100-120 6.9 8.36 37L.0 70.1 150 590.0  130.0°  78.0 ~ 0.191  4.57
120-140 5.1 7.66  410.0 825 1.29  63L.0  107.0  83.0  0.169  4.97

Expt, No. 31, male rabbit, 1.7kg. Infusion is similar to the experiment shown in effect of
DNP. Abbreviations as in other tables.

’Bing 29+

% =

AW #HR= clearance Egﬁgi»ﬂ sulfadiazineo] Ul 4l net reabsorption o] ¢
VL3 alkalic diuresisiol net sccretione] olo}-g& BolFia glrh ] oprpal reabsor-
ptiong] —ii7} 2.4-DNPej| {kste] A 5w probenecide] &3l Zridiigoe] BAEE 2
o F4ct '

B Wotd lolA b B RAEHT Fikol clearance kY& FEIA ¥=
. AL A mE KR MAREANA BEKk =t SWwsx @ creatinines
clearances F#e o o] nrl Z clearancefiE ZHql HHEL HREAA S RE=E
clearancefi-} 42 #BE-L MREANA Fkli o). vk RERIP® o HEgol At 2
o] sulfadiazine® MG A KEHM 2717 BE B FRKst A SWikaE] st
= B BREGS debAl syl §ED clearance EEgo 2A & 2 net effectwh
ok QI EBREM detAde EREY #FEE 4=

BFREREA oA HEERES BEL Ky RERasd THHRR ek, o4
B o] AkEe] A peritubular fluid® TE = ‘Z%Fi’ﬁ)@ﬂ(electroéhemical gradient)E
frote] \Erel = M kst worksl 173t x| L energysb AESH] FAolw HEED
BEo] Hl o}, mkek olw Balo] IR A peritubular fluida electrochemical gradient
5 o} Wedgiebd energyrt MEX GI FEY &Rl Aot EESSlE A, B
Bl BB gl BEsle v BB B SXEREH(Tm)e Hol+ #E - 4,
Wyeol MRE WiEch BEstE MR Soldl MMEES T RIS At A Kt
EAEE e B “gradient<time limited” transport® JE4 Qon fi#d = glucose,
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phoshate, sulfate, amino acid#o] Bdls] #E: Natsl Bt SHRE) AI=s Ko
% ZNephrong j@sto] =2 NatEmlkel kst AJ71 osmotic gradientd whel HR IS

"% |4 Nate] BRIz Bl 47 B2 W ==t #EgE L ureas KGR
HE olste] M7l BEQES ==t BEEA sinl o] gEY BEH Hetd EEMNoE
energy’t BT 2] ek zelv BEZREC ot de7te ZBRRA JdAAE Bt
ez RS A BB/ AT 2 Bob HBEE ol 4Bk structure = siteo]
tksle] “mediate” m£ “facilitate” ¥ m 2 facilitated diffusion®®o]=} #ise] k3l HHE
o| passived}lA downhille &Z3 7 shxlat =z mediating structurer} [BiEso] ¢glomz
FRE ol2w BiRkol HIRs .

AR #EFEE Csdrt RE(Vol)el| ohel #(kdtch. Fig. 2. = Csde} Volzte] BIGRE &
2 7ka] REgel #RE TE iRt £ R

Fig.3. ol A mgulst ko] ojq Jrkow RES #EA7 o<l Riol AAd ozt Csd
E RS REol WA el det Csdrt Foloeide 24 A et

Creatininex 9 #iRHE A BRI e HES clearance: RES) HEL uix)
ow = glucose, sulfatex]® Tm-valuer} Y& EHBHRENEE REd A3z @
o}2)), 281} urea, pyrazinamide, zoxazolamide, hydrazinz, monomethylhydrazinez]
ZEHNoR BRIk = WES KERKT 459 Bl F&e Ens= = clearances} #

A}, FEK ol A sulfadiazine® ureafs?) 3z} w) &3k HEE el o)

—75 Walser*)= JRE3} clearanceste] ##23l BIRY M7z Tm-values} 9= ﬁggjﬁ%
WE oiA = half saturatep k. d=& FHESITL 5T Qo AREEAA 5
b hall saturateld T A o2 #AISE 2E EEo A% vol. 2} clearance®] linear
relationship?] 37 fedhryel 448 @stz ¢t}

1

U 552

o =3 TmfEE 7tAl= Bl f&kehod BRIk
J : dohd 2 e MAREE w5 A MR
) / #We AfC TmfEg @ik ShAve =
. / clearancefiit= BIN5H7] #hfEskel Corol T
| yosse o sl Aok Fig.2 ol 4 #Re Bl A 2ol
/ (! togethen sulfadiazines] loade] IFMGISH] Bigs ol
w7 ek AL o MHel ZEMCS FEKY
..'.. < e & FEEIE Aolth. lolrbA Csdrl  urinary

0 5 70 75 volimi7omi

pHell g wr=rh(Table 8)+ 252 sulfad-
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