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Pharmacokinetics and Diuretic Effect of Theophylline Preparations

—Comparison of Oral Solution and Sustained-release Tablets—
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Plasma concentration, urinary excretion of theophylline and sodium excretion were investiga-
ted in 4 healthy adult volunteers after a single oral dose of 300mg theophylline in a solution
form and in sustained-release tablets (Theodur). On the average plasma level curve for Theo-
dur tablets, the peak level was reduced from 10ug/ml to 7ug/ml compared with that of an oral
solution, but the prolonged effect for plasma level was observed and the absorption from dosage
form was reliable.

The renal clearance of theophylline increased initially after a single dose due to its urine flow
rate dependence and after a single dose in a solution form the increase in urine flow rate was
higher, thereby the initial increase in renal clearance became larger compared with those of
sustained-release tablets.

Furthermore, the urinary sodium excretion rate after a single dose increased as sigmoid-
shaped relationship with increasing the renal clearance of theophylline. And the natriuretic

effect for oral solution was relatively potent, whereas that for sustained-release tablets appea-
red to be very weak.

Keywords——theophylline; oral solution; sustained-release tablets; plasma concentration;
urinary excretion; renal clearance; urine flow rate; natriuretic effect -
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Fig. 1. Plasma Theophylline Levels (mean+SEM) after Single Oral Administ-

ration of 300mg Theophylline in Solution (®) and Sustained-release
Tablets (Theodur, O) into 4 Healthy Volunteers on Empty Stomach

Absorption Ratio (Fa)=(AUCtab*Btab)/(AUCsore Bsol)

NI | -El ectronic Library Service



Japanese Soci ety of Pharnaceuti cal

Heal th Care and Sci ences

% BT ¥ % Vol.13, No.6 (1987) 355
100 W * o« 501
(a) E (b)
] 401
s & 3 %
[\ ~
L0
t o
g 3
e 607 : 301
Pl ]
<) . -
o B
5 40 o 201
i a
<
20 - 101 } 3 T
— 2
L A A i A | E— i 1 i 1 L § l
0 2 4 6 8 10 0 2 4 6 8 10
Time in hours Time in hours
Fig. 2. (a) Cumulative Absorption Ratio (mean+SEM) of Theophylline after Single Oral
Administration of 300mg Theophylline in Solution(®) and Sustained-release Tab-
lets (Theodur, O) into 4 Healthy Volunteers on Empty Stomach
(b) Average Absorption Rate of Theophylline at Each Time Interval
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Urinary Excretion Rate (mean+SEM) of Theophylline after
Single Oral Administration of Theophylline in Solution (@)
and Sustained-release Tablets (Theodur, ©) into 4 Healthy
Volunteers on Empty Stomach

Insert indicate cumulative urinary excretion of intact drug
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Fig. 4. Renal Clearance (mean+ SEM) of Theophylline(——) and Urine Flow Rate(----) after
Single Oral Administration of 300mg Theophylline in Solution( @) and Sustained-release
Tablets (Theodur, 0) into 4 Healthy Volunteers on Empty Stomach
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Fig. 5. Changes in Renal Clearance and Plasma Level Profiles of
Theophylline after Single Oral Administration of 300 mg
Theophylline in Solution(®) and Sustained-release Tablets
(Theodur, O) into 4 Healthy Volunteers on Empty Stomach

Each data point represents the average value (n=4)
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Fig. 6. Relationship between Renal Clearance of Theophylline and
Urine Flow Rate after Single Oral Administration of 300
mg Theophylline in Solution( ®) and Sustained-release Tab-
lets (Theodur, O) into 4 Healthy Volunteers on Empty

Stomach

Each data point represents the average value (n=4)

NI | -El ectronic Library Service



Japanese Soci ety of

Phar maceuti cal Health Care and Sci ences

358 W Bt ¥ % Vol.13, No.6 (1987)
2.57r Urine Flow Rate(UF) 140y GFR (ml/min)
i (m1/min) ! (ml/min
1.5¢ 120}
0.5} 100}
0 6 12 18 24
800 ’- 100
. { Kw/GFR .emoes
600 ¢ Sodium Excretion Rate 9 ,
HE (uEq/min) '.‘ Reabsorption Ratio
i WS (%)
400t \ 98 i A
] ) /
L 5 t ;’1 Rna
: e - Pna-GFR
200} :' \\ 97+ : /r
. e e . |'- !
Qlelx..,lx.u,.r ‘\‘~|~. ———————— e _._J_.;‘lx..-n..,.n I J
0 6 12 18 24 0 6 12 18 24
Time in hours Time in hours
Fig. 7. Diuretic Action (Water, Na excretion) and Changes in Renal Function in Healthy Sub-
ject (Z2) after Single Oral Administration of 300mg Theophylline in Solution
GFR, glomerular filtration rate (ml/min); Kw, reabsorption rate of water (ml/min);
Pna, sodium concentration in plasma (mEq/L); Rna, reabsorption rate of Na (mEq/
min); Rna=Pna+GFR-ERna; ERna, excretion rate of Na (uEq/min); Kw=GFR-UF
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Fig. 8. Comparison of Urine Flow Rate (mean+ SEM) after Single Oral Admini-

stration of 300mg Theophylline in Solution(@®) and Sustained-release Tab-
lets (Theodur, O) into 4 Healthy Volunteers on Empty Stomach

Insert indicate cumulative urine volume

NI | -El ectronic Library Service




Japanese Soci ety of Pharmaceutical Health Care and Sci ences

W R FE

Vol.13, No.6 (1987)

359

Clr 285 LW ORERPETA? ZRETHZ L
LAfELEZLDRS.

3. FR{ERA

FA 74 O, REOEME L RP~D
Na* gt 3 #8003 % %, FIURIERA OB oW Tix Fig.
7R T X5 (B00mg DF A7 4 ) vEEBRKRE L THE
Ll &0 1 X/0FEED T — 2), EARNCITE DB
Lo RERA A BEE (GFR) ofiinc X 5FIKREE X
bhan, FhEfrcKke Nat oA REECTTS
FRNEOETAADRD Z E0b, BRAEFCET %
BEENLRIUDEIER?BES LTw 5 & Rrdhb.
1D RE#EM

FA 74 ) VRS HRORBEEMOBEL, BHACSK
WT B AKRIRAEDE VI & » THEMARE A
s, KoERY 2 v te— AL LRREBCEWT,
5474 Y v (300mg) % 100ml OEW & LTS L
ek, gl LT100ml oK & Ric b5 Lic&o
RERMERAZ, Fig.8 THOLM X SR KELENAK
bhic.

WThOBE S IREIMN F A 8555 ~ 6 kel
, RHGRC R TR HR SR E L BHFR AR O
2 v v~ AR B RER NI 5T 600ml,

1000

800 - ]

600 1

Sodium excretion rate (uEgq/min)

400 4

200

cumulative amount(mEq)

40

BHEETIX L DO BT (230mD) ThoTe. 7REBTH7
4V VORGSO REWINERX, rtVrsrrxs
TN (74 T V) dmg REHACELG LIcE &0
B (% 600mD) IIERIET B & RicZhic?.

2) Na+*gEtt#En

Na FRiCoWTIiE G4 7 ~ 8GIRER < & Rix
Xh(Fig.9), coBEL T+ 74 V) v OBWHR G
Na FIRME L, #b#4w5iio Nat sy 114
mEq, %k Tz ED50% (5TmEq) ThHotc. EH
Wil 50 Na FIRGHIL, 7R 3 F40mg R EFHA
WS L E 2 O%E (198mEq) OFYFREEEE Rk
ned.

3) FA74)® Clr & Na FROMF

FA7 4 ) v, RERMNE & b KELHED
Clr pik &< 7% o Likicb~ien, FigloTh s s
I3, BEAaD Nat HEtSEEIL S 474 Y v Clr
DRI > THEK L, Clr & Na FIROBHRL, fbo
FIRE L Hbh b X 5/ sigmoid RO FEY & LTGE
B2z EMNFHRETHS. LLTTA74Y) YR X D
Na FIRORIEHE, WTFhoRF T AR TARE R
ENRL LR, FhiFERCEE ORI X - TRIGHI
EMBBHLIYS T H B ThbbEg T,

control

3 4
(hours)

Fig. 9.

6
Time in hours

Comparison of Sodium Excretion Rate(mean+SEM) after

Single Oral Administration of 300mg Theophylline in Solution

(@) and Sustained-release Tablets (Theodur,

0) into 4

Healthy Volunteers on Empty Stomach

Insert indicate cumulative sodium excretion
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Fig. 10. Relationship between Renal Clearance of Theophylline and Sodium Excretion Rate in
Subject Z(0) and Subject H(2a) after Single Oral Administration of 300mg Theophy-
lline in Solution and Sustained-release Tablets (Theodur) on Empty Stomach
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