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Mechanisms of Multiple Peak Phenomenon in the Plasma Profile
of Drugs Following Oral Administration
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There are many drugs reproted to show unusual pharmacokinetic behavior by producing a signifi-
cant secondary peak in the plasma concentration-time curve after oral administration. The drugs
are ranitidine, cimetidine, acetaminophen, aspirin, furosemide, bumetanide, piretanide, veralipride,
sobrerol, penicillamine and doxycycline etc. Enterohepatic circulation-, two absorption site-, biphasic
gastric emptying-, tissue deposition- and ‘multi-fraction absorption theories have been suggested
for the mechanisms of this phenomenon. Here, the theories were reviewed and critisized for their
validity as a possible mechanism of the multiple peak phenomenon.

Keywords—multiple peak, ranitidine, acetaminophen, enterohepatic circulation, biphasic gastric

emptying.
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Table 1—Drugs of multiple plasma peaks

A - ol

Drugs Exp. Animal Dosage Form Admn. Route Remarks
Aspirin™ dog tablet p.o. Gl Absorption: 80-100%, M.W.: 180.15
Hydrolyzed in Gl mucosa, ;2 15-20 min
Acetaminophen®2-31:52 rat suspension p.o. Lv. Rapid absorption(85%)
human solution p.o. tip: 1.25-3hr. MW 151.16
human tablet p.o. Biliary -excretion: 20%
Bumetanide™ rat solution po. MW, 364.42
Cimetidine!’ "2 human tablet po. Absorption: 60-70%, pKa=6.8, MW.. 252.34
solution LV, Biliary excretion: 2-5%, ti2: 2 hr
Furosemide™» human solution po. iv.  GI Absorption: 60%
human tablet p.o. MW.: 330.77, pKa=39
Piretanide™ human solution p.o. MW.: 36240
Ranitidine! - 1419 human solution iv. Biliary excretion: 17%, M.W.; 31441
human tablet p.c. Rapid absorption{(50%)
rat solution p.o. Good solubility at all pH.
Sorbrerot'? human syrup po. MW.: 17025
Veralipride®® human solution p.o. Rapid ‘absorption(86.5%), M.W.: 383.47
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Scheme 1--The pharmacokinetic model for disconti-
nuous cyclic transfer process (Ref 2, 17).

1: sampling compartment, 2: peripheral -compartment,
G: absorption site (G-I tract), B: storage compartment
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Figure 1—Whole blood radioactivity after oral administration of *C-cimetidine (30 mg/kg) in bile cannulated or sham

operated male CD-CR1:CD(SD) rats (Ref. 25).

J. Kor. Pharm. Sci, Vol. 21, No. 4(1991)



204 RSB K

A FUFA] HFFeio 2L 232 R
o2 #3% 559 saturationo] Yolyt7) wjFoja}t
Eigiled

g, Kim'?& gFu4o] 17%) 5= RTE 3-
¢ £8E A9 rato] BAFFAF HoE O
A7t Jdeide AMEE #R18la oj2 8 E RTY
B A0 s@de eFEiA o FAsH
Jeongs} Shim™& -7+ &¥& A9¥ ratolA
AAPE 15 Ao gEdart Jehd g
golatdct. = Hjelles}d Klassen™ ol &3l AAPS9]
A% ABFAA, FFoZ oF 20%U wdEeE
el dFEsarzt JekdA gedan 9.

1 o] Shukla' ¥ sobrerole] 749, ¥xtgko]
17022 3-3F £8o] 7] A Bz} 500)
B AL Bol sobrerole) o}Eua dado] -
T Egel vREA FeE FAALG FnE
Tabie 19 v} e FBER o/l 2 &gl
400 ol8kQlell R-ol8tv) wpEch

% Plusquelle 322 4-¢ #82 dFo&
4 IdBo] AF5HE HolBmg Coai>Coue ©l
ojok skt veralipride®] 3% Couu1<Chuz 1BE
-3 e84 AR gdn FAsgct ol E
Cact<Coury BB RT2 ZA9VAME Jelgel
2 FHA4 dae AN F5E 8ol Ye
e 3% 55 Foldl, -0 wgof A AF
4H B0 Jehile 835 vt #2718 RHolv]
ol -t 8ol A MEA Chpui>Coue
olojo} Erhke 4 Ade Eelsictn 4z4dch
%, Coan™ Cuun®l 2718 vl 8l -7t 8-
B934 o428 dFdMe gdgda ¥o.

o] 2l2& Zdel oA Ae RAHI Yvle
B} 27] dEga @4¢ wdsin dgsied
F2 8=t =, F;e curve fittings] ]3]
FrE4EHS o MBS FHHele WEEe
BARE Arisgcke doA 1 9oz U
£

27}e] B9 ExH(Two Absorption Site )4l
APFAAoE H3 €AF 27 20 ol U
oty Aze B £ e Rol agidd F5

#3070 A3 24N %e7t s Aotk 24 §

TR E44e 238 Jdl 89 SR

J. Kor. Pharm. Sci, Vol 21, No. 4(1991)

K,
>
1
D—- | sitel stie I | ey
of of
comp. | comp. I

Scheme 2~ Pharmacokinetic model involving two diffe-
rent sites of drug absorption (Ref. 39).

compartment ‘I: body

compartment II: gastrointestinal tract

K;: absorption rate constant from site I

K;: absorption rate constant from site Il

K.: elimination rate constant
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Figure 2—Median serum concentration of piretanide ad-
ministered at three different sites. The solution was ins-
tiffed into the stomach (@), duodemun (@), and ascen-
ding colon (') under endoscopic control. For further
details refer to the text (Ref. 38).
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state. (Ref. 48). '
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Figure 5—Effect of time of dosing in the gastric motility
cycle on the plasma level time curves for cimetidine;
(—) type 1 gastric emptying (region A); (--+) type 2 gast-
ric emptying (region B); (-—-) type 3 gastric emptying
(region C); (—-—) type 4 gastric emptying (region D)
(Ref. 23).
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Figure 6~ Plasma concentration-time profiles of ranitidine from 12 healthy Korean male subjects after oral administra-
tion of 150 mg (as ranitidine base) at periods I (O) and II (@). The time interval between periods I and II was

one week (Ref. 9).
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