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ABSTRACT
Background    Ranitidine is a histamine 2 receptor an-
tagonist, and daijokito is a Kampo (Chinese herbal med-
icine as practiced in Japan) formula, which is tradition-
ally used for treating constipation and digestive trouble. 
Previous study demonstrated that daijokito significantly 
affected the pharmacokinetics of ranitidine in rats; how-
ever, the doses of ranitidine and daijokito in that study 
were higher than in clinical practice. Therefore, we ex-
amined the pharmacokinetic interaction between ranit-
idine and daijokito in clinical practice doses in healthy 
volunteers.
Methods    This was a randomized, open label, two-pe-
riod crossover study in healthy volunteers (n = 7). Volun-
teers received administrations of either a single dose of 
ranitidine 300 mg, or ranitidine 300 mg in combination 
with daijokito extract granules 2.5 g. Plasma concentra-
tions of ranitidine were measured over 12 h by LC/MS/
MS method.
Results    Plasma concentrations of ranitidine were 
lower with co-administration of daijokito compared 
with ranitidine alone. Co-administration of daijokito 
significantly decreased ranitidine area under the plasma 
concentration-time curve from 0 to 12 h (AUC0–12) and 
maximum plasma concentration (Cmax) with geometric 
mean (GM) ratio [90% confidence interval (CI)] for 
AUC0–12 of 0.609 (0.449, 0.826) and Cmax of 0.515 (0.345, 
0.771).
Conclusion    Co-administration of ranitidine with dai-
jokito resulted in a significant decrease in plasma level 
of ranitidine in healthy volunteers.

Key words    daijokito; drug-drug interaction; pharma-
cokinetics; ranitidine

Ranitidine is a histamine 2 receptor antagonist that is 
widely used in the treatment of peptic ulcer, gastric mu-
cosal lesion and in the control of acid secretion.1, 2 In 
addition, ranitidine is given as a proprietary drug for 
gastric pain and a heavy feeling in the stomach. It is 
also thought that the excretion amount of ranitidine un-
changed body in urine is large, and ranitidine pharmaco-
kinetic is influenced by renal function in the process of 
excretion. In cases like this, the dose of ranitidine should 
be adjusted depending on renal function.3

 Daijokito is a Kampo formula, which is traditionally 
used as a purgative for clearing internal heat in the stom-
ach and intestines and treating constipation.4, 5 It is com-
posed of magnolia bark (Magnolia officinalis), rheum 
(Rheum), bitter orange (Citrus aurantium) and sodium 
sulfate. 
 Kampo formulas play an important role in modern 
medicine and are sometimes the preferred choice in an 
effective therapeutic approach to diseases that cannot be 
identified by a single etiology. According to the ques-
tionnaire, approximately 80% of physicians use Kampo 
formulas in general practice.6 Although concomitant 
therapy using western medicine and Kampo formulas is 
often provided for the purpose of enhancing therapeu-
tic efficacy and decreasing the side effects,7, 8 there is 
insufficient information in the exact use or interaction 
of these therapies at the present time. A few studies 
have reported that Kampo formulas had some effect on 
the pharmacokinetics of drugs such as Warfarin and 
Ticlopidine hydrochloride.9, 10 Some studies focusing 
on the pharmacokinetic interaction between ranitidine 
and other medicines have been reported.11 Even though 
there were no serious adverse interactions between the 
drugs and herbal prescription medications in patients,12 

there were still life-threatening herb-drug interactions in 
rats.13

 Ranitidine is also used as an over-the-counter (OTC) 
drug and there are possibilities of its administration with 
daijokito in clinical practice. In an earlier preclinical 
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study of rats, when ranitidine and daijokito were co-ad-
ministered, ranitidine plasma concentration was lower, 
and ranitidine t1/2 was also delayed. It was demonstrated 
that daijokito signifi cantly affected the pharmacokinetics 
of ranitidine.14 However, the doses of ranitidine and dai-
jokito in this study were higher than in the human clin-
ical setting, and it remains unclear whether the clinical 
practice dose of daijokito infl uenced the pharmacokinet-
ics of ranitidine. The aim of this study was to evaluate 
the pharmacokinetic interaction between ranitidine and 
daijokito in a clinical practice dose in healthy volunteers 
in order to establish the potential clinical relevance of a 
preclinical study.

MATERIAL AND METHODS
Study population
The study was conducted in healthy male volunteers, 
20–23 years old. Physical examination, laboratory tests 
and vital signs were conducted at screening. Volunteers 
with diarrhea, abnormalities in laboratory tests or drug 
hypersensitivity were excluded from this study. All 
volunteers provided written, informed consent prior 
to study initiation and final protocol was approved by 
Ethics Review Committee of Tottori University, Fac-
ulty of Medicine in Japan (Approval No. 1955). This 
clinical study was registered with the UMIN Clinical 

Trials Registry (UMIN000013106), and was conducted 
in accordance with the ethical principles established in 
the Declaration of Helsinki and consistent with Ethical 
Guidelines for Clinical Research.

Study design and treatment
This study was a randomized, open label, two-period 
crossover design with two periods that were separated 
by at least a 5-day washout period (Fig. 1). During the 
study, volunteers received administrations of either 
ranitidine 300 mg (Treatment I), or ranitidine 300 mg in 
combination with daijokito extract granules 2.5 g (Treat-
ment II) with water during fasting. Ranitidine (Zantac 
150 mg tablet) and daijokito extract granules 2.5 g were 
purchased from GlaxoSmithKline & Co. (Tokyo, Japan) 
and Tsumura & Co. (Tokyo, Japan), respectively. For 
pharmacokinetic analyses of ranitidine, blood samples 
were collected at pre-dose and 0.5, 1, 1.5, 2, 4, 8 and 12 
h post-dose on Day 1. Venous blood (5 mL) was col-
lected into tubes and plasma samples were separated by 
centrifugation at 1,500 g and 4 °C for 10 min and stored 
frozen at –30 °C until analyzed. Urine samples also were 
collected at pre-dose (spot urine) and 0–12 h post-dose 
(pooled urine), and samples were immediately stored 
frozen at –30 °C until analyzed.

Fig.	
  1	


Fig. 1. Study design. Treatment I: Ranitidine 300 mg, Treatment II: Ranitidine 300 mg in combination with daijokito extract 
granules 2.5 g.

LC/MS/MS method for ranitidine
Concentrations of ranitidine in plasma and urine were 
determined using validated liquid chromatography with 
tandem mass spectrometry (LC/MS/MS) method (AB 
SCIEX QTRAP 5500; Takara Bio, Kusatsu, Japan). For 
plasma sample preparation, 3 volume of 0 °C methanol 
were added in 1 volume of plasma sample, and vortex, 
then centrifugation at 15,000 rpm and 4 °C for 17 min. 
Upper phase samples were diluted by adding water at 
400 times. For urine sample preparation, 3 volume of 0 

°C methanol were added in 1 volume of urine sample, 
and vortex, then centrifugation at 15,000 rpm and 4 °C 
for 17 min. Upper phase samples were diluted by adding 
water at 40,000 times. The calibration curves for plasma 
and urine by absolute calibration curve method were lin-
ear over the concentration range of 0.01 to 10.00 ng/mL (r 
= 0.9998 for plasma and r = 0.9999 for urine) 

Pharmacokinetics analysis
Pharmacokinetic parameters of ranitidine were esti-
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mated by non-compartmental methods using Microsoft 
Excel. The maximum plasma concentration (Cmax) and 
time to maximum plasma concentration (Tmax) were 
directly obtained from the observed concentration-time 
data. The area under the plasma concentration-time 
curve (AUC) from zero point to last collection [area 
under the plasma concentration-time curve from 0 to 12 
h (AUC0–12)] was calculated according to the liner trap-
ezoidal rule. The terminal elimination rate constant (ke) 
was estimated by liner terminal of the terminal portion 
of the In (concentration)-time curve, and the elimination 
half-life (t1/2) was calculated as 0.693/ke accordingly.

Safety and tolerability
Safety and tolerability were evaluated by monitoring the 
adverse experiences (AEs). Clinical laboratory assess-
ment (clinical chemistry, hematology and urinalysis), 
vital signs and physical examination were performed at 
screening, pre-dose of first administration and end of 
study. 

Statistical analysis
Summary statistics including geometric mean (GM), 
percent coefficient of variance (%CV), median, mini-
mum and maximum were provided for ranitidine phar-
macokinetic  parameter. The differences of mean of 
log-transrated Cmax, AUC0–12, t1/2 and urinary excretion 
between the ranitidine plus daijokito and ranitidine alone 
were back-transformed to estimate the GM ratios with 
the 90% confi dence interval (CI). Tmax, t1/2 and urine ex-
cretion rate were compared using paired t test. Microsoft 
Excel was used to perform all statistical analyses.

RESULTS
Demographics and baseline characteristics
A total of 13 healthy male subjects submitted to a 
screening test, and 7 subjects were enrolled in this study. 
All of them completed the study without any deviation 
to the protocol and therefore used for pharmacokinetic 
analysis set. Four and 3 subjects were enrolled in Panel 
1 and 2, respectively. Baseline characteristics of each 
Panel are shown in Table 1, and there were no differenc-
es between Panels.

Ranitidine pharmacokinetic parameters
Plasma concentrations of ranitidine were lower with 
co-administration of daijokito compared with ranitidine 
alone (Fig. 2). Co-administration of daijokito signifi-
cantly decreased ranitidine AUC0–12 and Cmax with GM 
ratio (90% CI) for AUC0–12 of 0.609 (0.449, 0.826) and 
Cmax of 0.515 (0.345, 0.771) (Table 2 and Fig. 3). GM of 
ranitidine t1/2 for co-administration of daijokito was 3.72 

Table 1. Baseline characteristics

Panel 1 (n = 4)
(Treatment I to 
Treatment II)

Panel 2 (n = 3)
(Treatment II to 
Treatment I)

Age (years)
 Average 21.8 20.7
 SD 1.1 0.5
 Minimum 20 20
 Maximum 23 21
Height (cm)
 Average 170.0 171.0
 SD 4.1 0.8
 Minimum 164.0 170.0
 Maximum 175.0 172.0
Weight (kg)
 Average 56.0 64.7
 SD 4.7 7.4
 Minimum 50.0 58.0
 Maximum 63.0 75.0
BMI
 Average 19.3 22.1
 SD 1.0 2.7
 Minimum 18.3 19.6
 Maximum 20.6 26.0
Concomitant disease
 None 4 (100%) 3 (100%)
Prior therapy
 None 4 (100%) 3 (100%)

BMI, body mass index.

h, and was comparable with ranitidine alone (3.23 h). In 
addition, median ranitidine Tmax for co-administration 
of daijokito was 2.0 h, and slightly decreased compared 
with ranitidine alone (4.0 h).

Ranitidine urinary excretion
Ranitidine is the drug of renal excretion type, so we 
evaluated ranitidine urinary excretion. GM (%CV) of 
ranitidine urine output for co-administration of dai-
jokito was 14.2 mg (21.7), and signifi cantly lower than 
ranitidine alone [29.3 mg (21.1)]. The rate of ranitidine 
excreted in urine for 12 h was signifi cantly lower with 
co-administration of daijokito than ranitidine alone (Fig. 
4).

Safety and tolerability
One subject who enrolled in Panel 1 (Treatment I to 
Treatment II) reported leucocyte increase at 12 h post-
dose of Treatment II. Intensity was judged mild by the 
investigator. There were no clinically signifi cant changes 
in other clinical laboratory assessments (clinical chem-
istry, hematology and urinalysis), vital signs or physical 
examination in either Panel.
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Fig.	
  2	


Fig.	
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Fig. 2. Plasma concentration-time profi les of ranitidine. Open cir-
cles indicate the single dose of ranitidine (n = 7), and solid circles 
indicate co-administration of ranitidine and daijokito (n = 7). Each 
value is the mean value ± SD. 

Fig. 3. Ratios of ranitidine AUC0–12 and Cmax in each subject 
(ranitidine + daijokito/ranitidine) (color circles), and GM ratio and 
90% CI (black circles).
AUC0–12, area under the plasma concentration-time curve from 0 
to 12 h; CI, confi dence interval; Cmax, maximum plasma concen-
tration; GM, geometric mean. 

Table 2. Pharmacokinetic parameters of ranitidine with and without daijokito

Pharmacokinetic parameters* Ranitidine alone (n = 7) Ranitidine + daijokito (n = 7) GM ratio (90% CI)†

AUC0–12 (ng h/mL)  6917.7 (35.5)  3773.8 (23.4) 0.609 (0.449, 0.826)
Cmax (ng/mL)  1110.5 (55.1)  572.4 (43.1) 0.515 (0.345, 0.771)
t1/2 (h)  3.23 (24.0)  3.72 (27.3)  NA
Tmax (h)  4.0 (2.0–4.0)  2.0 (1.5–4.0)  NA

*Values are GM (%CV) for AUC0–12, Cmax and t1/2; median (range) for Tmax.
†GM ratio = ranitidine + daijokito/ranitidine.
AUC0–12, area under the plasma concentration-time curve from 0 to 12 h; CI, confi dence interval; Cmax, maximum plasma concentration; 
GM, geometric mean; NA, not applicable; %CV, percent coeffi cient of variance; Tmax, time to maximum plasma concentration; t1/2, elimi-
nation half-life. 

Fig. 4. GM (± SD) of the rate of ranitidine excreted in urine for 12 h. *P < 0.05 vs. 
ranitidine alone. GM, geometric mean.

Fig.	
  4	
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DISCUSSION
The GM ratios (ranitidine + daijokito/ranitidine) (90% 
CI) of AUC0–12 and Cmax were 0.609 (0.449, 0.826) 
and 0.515 (0.345, 0.771), respectively, and statistical 
signifi cance was demonstrated. In an earlier preclinical 
study of rats, ranitidine mean concentration was 16.315 
and 1.455 μg/mL corresponding to ranitidine alone and 
ranitidine with daijokito, respectively, while ranitidine 
AUC0–12 was also 28.083 and 9.826 μg/L h, respective-
ly.14 These clinical study results were consistent with the 
same previous preclinical study in rats,14 and showed the 
possibility of drug-drug interaction between ranitidine 
and daijokito in a clinical practice dose. In this study, 
plasma concentrations of ranitidine were lower with 
co-administration of daijokito compared with ranitidine 
alone, although inter-individual variability was wide. It 
has been reported that the effect of ranitidine on acid 
secretion does not show any signifi cant variability, but 
inter-individual variability in bioavailability is wide.15 It 
has been also reported that a long antisecretory activity 
of ranitidine was observed, although the short half-life of 
the drug varies between 2 and 8 h.15 Additionally, it has 
been reported that ranitidine concentrations that produce 
50% of the maximal effect are about 100 ng/mL and 
the maximal effect is reached at concentrations of about 
600 ng/mL.16 Ranitidine t1/2 was comparable between 
ranitidine alone and co-administration with daijokito, 
and ranitidine Tmax under co-administration of daijokito 
slightly decreased compared with ranitidine alone in this 
study. In contrast to those data, after the addition of dai-
jokito, ranitidine Tmax was delayed with a longer half-life 
compared with ranitidine alone in rats.14

 Ranitidine is affected by the fi rst pass effect,17 and it 
is metabolized to its N- and S-oxides almost exclusively 
(more than 93%) by flavin-containing monooxygenase 
(FMO) and to desmthylranitidine by cytochrome P450 
(CYP) 2C19, 1A2 and 2D6.18 Kampo formulas affect 
cytochrome P450 and then change the process of con-
comitant drug metabolism.19, 20 However, there is no 
report that daijokito could induce the activity of FMO, 
CYP2C19, 1A2 and 2D6 which metabolize ranitidine. 
In addition, the ranitidine elimination rate constant 
(ke) of each subject in beta phase were similar between 
ranitidine alone and ranitidine with daijokito in this 
study; therefore we think that pharmacokinetic interac-
tion might not be caused in the metabolism or excretion 
phase. 
 In this study, ranitidine AUC0–12 was lower with 
co-administration of daijokito compared with ranitidine 
alone. In addition, the rate of ranitidine excreted in urine 
for 12 h was signifi cantly lower with co-administration 
of daijokito than ranitidine alone, and this is thought to 

be due to a low ranitidine absorption rate under co-ad-
ministration of ranitidine and daijokito. Ranitidine t1/2 
was comparable between ranitidine alone and co-admin-
istration with daijokito. Therefore, it seems more likely 
that the process of absorption can be an influence to 
ranitidine pharmacokinetics under the co-administration 
of daijokito.
 Pharmacokinetic interaction in the absorption pro-
cess is caused by complex formation, change of pH in 
the stomach, gastrointestinal tract motility change, and 
transporter-mediated mechanism. Change in gastro-
intestinal tract motility is one of the main factors, and 
it depends on changes in gastric emptying rate (GER). 
In general, GER is increased, and then absorption rate 
becomes faster, while the amount of absorption is in-
creased. Kampo formulas like rikkunshito and hang-
esyashinto have the effect of accelerating the gastric 
tract,32 and the amount of concomitant drug that is 
absorbed from the intestine is changed. The absorbed 
amount of ranitidine for 12 h was decreased under 
co-administration of daijokito in this study, and daijoki-
to is used for constipation and might change the ability 
of gastrointestinal tract motility; therefore the possibility 
that GER might be changed cannot be denied.
 In the intestine, both P-glycoprotein and CYP3A4 
are expressed in epithelial cells and cooperatively 
work as a barrier to orally administered drugs. Most 
substrates of CYP3A4 and P-glycoprotein overlap and 
these two proteins together function as an absorption 
barrier against xenobiotics by their coordinate tissue 
localization and co-inducibility.21 The administration of 
P-glycoprotein or CYP3A4 substrates with their other 
substrates, such as talinolol, digoxin, midazolam change 
the absorbed amount or maximum concentration of 
substrates.22–24 These are typical examples of pharma-
cokinetic interaction in intestinal drug absorption. In 
addition, some furanocoumarins in grapefruit affect the 
activities of P-glycoprotein and/or CYP3A4, resulting in 
alteration of the pharmacokinetics of western drugs.25 
Ranitidine is a P-glycoprotein substrate, and it was found 
that oral bioavailability of ranitidine was infl uenced at 
the intestinal absorption phase.26 P-glycoprotein is a 
170–180 kDa membrane glycoprotein that mediates the 
active, outward transport of a variety of mainly lipophil-
ic compounds from cells.27 P-glycoprotein is also widely 
expressed in normal tissues, including epithelial cells in 
the gastrointestinal tract and kidney tubules and endo-
thelial cells at the blood-brain barrier.28, 29 Ranitidine 
could act as a substrate for intestinal P-glycoprotein and 
it has been suggested that the balance between absorp-
tion and secretory mechanisms is a factor in determin-
ing intestinal absorption needs as a routine consideration 
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even for compounds expected to have a predominantly 
paracellular route of absorption.30 Ranitidine and dai-
jokito were administered simultaneously, so it is thought 
that pharmacokinetic interaction via p-glycoprotein 
activation by daijokito could not be induced; however 
Yu CP et al. reported that rheum, one of component of 
daijokito, activated the function of p-glycoprotein.31 
 Co-administration of ranitidine and daijokito was 
well tolerated, and no safety issues were identified 
during the study. One subject who enrolled in Panel 
1 (Treatment I to Treatment II) reported leucocyte in-
crease at 12 h post-dose of Treatment II. The AE was 
minimal deviation of reference interval, and might be 
due to dehydration.
 In summary, although the pharmacokinetic inter-
action of ranitidine and daijokito were demonstrated in 
this study, only a single dose of ranitidine and daijokito 
was evaluated. Therefore further data is needed to ex-
trapolate more evidence in clinical practice. However, 
these data call attention to the risk of ineffectiveness of 
ranitidine in concomitant use of ranitidine and daijokito  
in clinical practice. 

Acknowledgments: We thank Katsumi Nagata at Research Center 
for Bioscience and technology, Tottori University for plasma and 
urine ranitidine measurement. We are grateful to the volunteers 
who participated in this study. In addition, we would like to ex-
press our sincere appreciation for the research grant from the Ja-
pan Research Foundation of Clinical Pharmacology (JRFCP).

The authors declare no conflict of interest.

REFEREMCES
  1	 Strum WB. Ranitidine. JAMA. 1983;250:1894-6. PMID: 

6312110.
  2	 Zeldis JB, Friedman LS, Isselbacher KJ. Ranitidine: a new 

H2-receptor antagonist. N Engl J Med. 1983;309:1368-73. 
PMID: 6314139.

  3	 Grant SM, Langtry HD, Brogden RN. Ranitidine. An updated 
review of its pharmacodynamic and pharmacokinetic proper-
ties and therapeutic use in peptic ulcer disease and other allied 
diseases. Drugs. 1989;37:801-70. PMID: 2667937.

  4	 Katakai M, Akamaru T and Tani T. An analysis of the fre-
quency of formulations and crude drugs described in Shan-
Han-Lun. YakushigakuZasshi. 2002;37:28-35. PMID: 
12408167.

  5	 Xia Q, Gong X, Jiang J, Chen G and Huang Z. Experimental 
study of da chengchi tang decoction for relieving lung injury 
during acute necrotizing pancreatitis. Hua Xi Yi Ke Da Xue 
Xue Bao. 1999;30:397-400. PMID: 11387950.

  6	 Terasawa K. Evidence-based Reconstruction of Kampo Med-
icine: Part II-The Concept of Sho. Evid Based Complement 
Alternat Med. 2004;1:119-23. PMID: 15480437.

  7	 Takeda H, Sadakane C, Hattori T, Katsurada T, Ohkawara T, 
Nagai K et al. Rikkunshito, an herbal medicine, suppresses 
cisplatin-induced anorexia in rats via 5-HT2 receptor antago-

nism. Gastroenterology. 2008;134:2004-13. PMID: 18439428.
  8	 Yamaya M, Sasaki T, Yasuda H, Inoue D, Suzuki T, 

Asada M et al. Hochu-ekki-to inhibits rhinovirus infection 
in human tracheal epithelial cells. Br J Pharmacol. 2007;150: 
702-10. PMID: 17310142.

  9	 Makino T, Wakushima H, Okamoto T, Okukubo Y, Deguchi Y, 
Kano Y. Pharmacokinetic interactions between warfarin and 
kangen-karyu, a Chinese traditional herbal medicine, and 
their synergistic action. J Ethnopharmacol. 2002;82:35-40. 
PMID: 12169403.

10	 Makino T, Wakushima H, Okamoto T, Okukubo Y, Deguchi Y, 
Kano Y. Pharmacokinetic and pharmacological interactions 
between ticlopidine hydrochloride and Kangen-Karyu - Chi-
nese traditional herbal medicine. Phytother Res. 2003;17:1021-
4. PMID: 14595580.

11	 Kenawi IM, Barsoum BN, Youssef MA. Drug-drug interac-
tion between diclofenac, cetirizine and Ranitidine. J Pharm 
Biomed Anal. 2005;37:655-61. PMID: 15797785.

12	 Bush TM, Rayburn KS, Holloway SW, Sanchez-Yamamoto DS, 
Allen BL, Lam T et al. Adverse interactions between herbal 
and dietary substances and prescription medications: a clin-
ical survey. Altern Ther Health Med. 2007;13:30-5. PMID: 
17405676.

13	 Chiang HM, Fang SH, Wen KC, Hsiu SL, Tsai SY, Hou YC 
et al. Life-threatening interaction between the root extract of 
Pueraria lobata and methotrexate in rats. Toxicol Appl Phar-
macol. 2005;209:263-8. PMID: 15936791.

14	 Wen-Fu Tang, Mei-Hua Wan, Qiao-Rong Huang, 
Zheng-Yan Zhu, Jiang-Lei Zhao, Yi-Zhi Wu et al. Effect of 
Da-Cheng-Qi decoction on the pharmacokinetics of Ranit-
idine in rats. Biomed Chromatogr. 2008;22:851-6. PMID: 
18384065.

15	 Castañeda-Hernández G, Flores-Murrieta FJ, Granados-Soto V, 
Herrera-Abarca A, Pérez-Urizar J, Herrera JE et al. Pharma-
cokinetics of oral Ranitidine in Mexicans. Arch Med Res. 
1996;27:349-52. PMID: 8854394.

16	 Franco C, Flores-Murrieta FJ, Castañeda-Hernández G. Phar-
macokinetic-pharmacodynamic modeling of oral Ranitidine: 
implications in efficacy and safety. Proc West Pharmacol Soc. 
1997;40:107-9. PMID: 9436228.

17	 Van Hecken AM, Tjandramaga TB, Mullie A, Verbesselt R, 
De Schepper PJ. Ranitidine: single dose pharmacokinetics 
and absolute bioavailability in man. Br J Clin Pharmacol. 
1982;14:195-200. PMID: 6125204.

18	 Chung WG, Park CS, Roh HK, Lee WK, Cha YN. Oxidation 
of ranitidine by isozymes of flavin-containing monooxygen-
ase and cytochrome P450. Jpn J Pharmacol. 2000;84:213-20. 
PMID: 11128045.

19	 Markowitz JS, Donovan JL, DeVane CL, Taylor RM, Ruan Y, 
Wang JS et al. Effect of St John’s wort on drug metabolism 
by induction of cytochrome P450 3A4 enzyme. JAMA. 
2003;290:1500-4. PMID: 13129991.

20	 Lau C, Mooiman KD, Maas-Bakker RF, Beijnen JH, 
Schellens JH, Meijerman I. Effect of Chinese herbs on CY-
P3A4activity and expression in vitro. J Ethnopharmacol. 
2013;149:543-9. PMID: 23876595.

21	 Benet LZ, Cummins CL, Wu CY. Unmasking the dynamic 
interplay between efflux transporters and metabolic enzymes. 
Int. J. Pharm. 2004;277:3-9. PMID: 15158963.

22	 Schwarz UI, Gramatté T, Krappweis J, Oertel R, Kirch W. 
P-glycoprotein inhibitor erythromycin increases oral bio-
availability of talinolol in humans. Int J Clin Pharmacol Ther. 
2000;38:161-7. PMID: 10783825.



117

Interaction of ranitidine and daijokito

23	 Westphal K, Weinbrenner A, Giessmann T, Stuhr M, 
Franke G, Zschiesche M et al. Oral bioavailability of digoxin 
is enhanced by talinolol: evidence for involvement of intestinal 
P-glycoprotein. Clin Pharmacol Ther. 2000;68:6-12. PMID: 
10945310.

24	 Kanazu T, Okamura N, Yamaguchi Y, Baba T, Koike M. 
Assessment of the hepatic and intestinal first-pass metabolism 
of midazolam in a CYP3A drug-drug interaction model rats. 
Xenobiotica. 2005;35:305-17. PMID: 16019953.

25	 Iwanaga K, Arimune K, Miyazaki M, Shibano M, Taniguchi M, 
Baba K et al. Effects of furanocoumarins in Kampo ex-
tract-based medicines on rat intestinal absorption of CYP3A 
and P-glycoprotein substrate drugs in vivo. Arch Pharm Res. 
2002;35:1055-64. PMID: 22870815.

26	 Machavaram KK, Gundu J, Yamsani MR. Effect of keto-
conazole and rifampicin on the pharmacokinetics of Raniti-
dine in healthy human volunteers: a possible role of P-glyco-
protein. Drug Metabol Drug Interact. 2006;22:47-65. PMID: 
17152347.

27	 Gottesman MM, Pastan I. Biochemistry of multidrug resis-
tance mediated by the multidrug transporter. Annu Rev Bio-
chem. 1993;62:385-427. PMID: 8102521.

28	 Thiebaut F, Tsuruo T, Hamada H, Gottesman MM, Pastan I, 
Willingham MC. Immunohistochemical localization in nor-
mal tissues of different epitopes in the multidrug transport 
protein P170: evidence for localization in brain capillaries and 
crossreactivity of one antibody with a muscle protein. J Histo-
chem Cytochem. 1989;37:159-64. PMID: 2463300.

29	 Cordon-Cardo C, O’Brien JP, Boccia J, Casals D, Bertino JR, 
Melamed MR. Expression of the multidrug resistance gene 
product (P-glycoprotein) in human normal and tumor tissues. 
J Histochem Cytochem. 1990;38:1277-87. PMID: 1974900.

30	 Collett A, Sims E, Walker D, He YL, Ayrton J, Rowland M et 
al. Comparison of HT29-18-C1 and Caco-2 cell lines as mod-
els for studying intestinal paracellular drug absorption. Pharm 
Res. 1996;13:216-21. PMID: 8932439.

31	 Yu CP, Lin HJ, Lin SP, Shia CS, Chang PH, Hou YC, 
Hsieh YW. Rhubarb decreased the systemic exposure of cy-
closporine, a probe substrate of P-glycoprotein and CYP 3A. 
Xenobiotica. 2015;4:1-6. PMID:26634287.

32	 Harasawa S, Hasebe T. Effects of Kampo-medicine on gastric 
emptying and gastric mucosal blood flow. Igakunoayumi. 
1993;167:731-4. Japanese.


