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SUMMARY 

Acetaminophen-diphenhydrantine interaction was investigated by oral ad 
of acetaminophen to rabbits, alone or in combination with diphenhydramine. 
pies were collected before and 0.25,0.5, 0.75, 1.0, 2.0,3.0,4.0,5,0 and 
taminophen administration. Assays of acetaminophen in plasma samples 
using a HPLC method. Diphenhydramine significantly reduced the maxi 
centration (C,,) of acetaminophen. Diphenhydramine, however, had little effect on t 
time taken to reach the maximum plasma concentration (Tm,j, the area un 
plasma concentration-time curve (AUC;P) and the elimination half-li 
minophen. Gastric emptying experiment was performed by injecting int 
ach phenol-red containing solution with and without diphenhydramine. The 
tent recovered at 0.5 h was analyzed for phenol-red remaining to determine 
gastric emptying. Diphenhydramine significantly increased the weight 
phenol-red remaining in the rabbit stomach 0.5 h post-injection. It w 
diphenhydramine affected the rate but not the extent of acetaminophen absorption by 
delaying the gastric emptying. 

INTRODUCTION 

Acetaminophen is often used in combination with diphcnhydramin 
amine in man with little understanding of the potential interactions 
phen and these antihistamines. Lavigne and Marchand (1973) repo 
dramine markedly inhibited the gastrointestinal absorption of p-amin 
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and humans, Feldman and Putcha (1977) found that diphenhydramine caused a marked 
decrease in gastric emptying and intestinal transition in rats. Recently, Imamura et al. 
(1980) demonstrated that chlorpromazine and atropine, which have been shown to delay 
gastric emptying, decreased the rate of acetaminophen absorption in rabbits. The objec- 
tive of this study is to investigate whether diphenhydramine would have any effect on the 
gastrointestinal absorption of acetaminophen in rabbits. 

MATERIALS AND METHODS 

Ma teriais 

Acetaminophen and vanillin internal standard were obtained from the Aldrich Chemi- 
cals (Milwaukee, Mich.). Diphenhydramine hydrochloride was kindly supplied by Parke- 
Davis (Detroit, Micir.). Ether and sodium chloride were analytical grade and were sup- 
plied by Mallinckrodt (St. Louis, MO.). Methanol, HPLC grade, was obtained from Bur- 
dick and Jackson (Muskegon, Mich.). 

Methods 

Acetaminophen-diphenh_vdramine interaction 
Male New Zealand white rabbits weighing 2.8-3.5 kg were fasted for 38-42 h prior to 

the experiment, but ,water was allowed ad libitum. Food and water were withhela during 
the experiment. Acetaminophen (100 mg/kg) alone or in combination with diphenhy- 
dramine (‘10 and 20 mg/kg) was dissolved in 70 ml warm deionized water (35-37°C) and 
was orally administered. Blood samples (0.5 ml) were collected from the ear vein in 
heparinized vacutainers before and 0.25, 0.5, 0.75, 1 .O, 1.5, 2, 3, 4, 5 and 6 h after oral 
administration. Blood samples were immediately centrifuged and the plasma aliquots 
obtained were refrigerated until analysis. 

Assays of acetaminophen were performed using a high-pressure liquid chromatographic 
method (Wang and Lee, 1980). To a 0.2-ml aliquot of the rabbit plasma to be assayed was 
added 2.5 pg of the vanillin internal standard and 0.8 g of sodium chloride. The mixture 
was vorte.xed for 30 s followed by extraction with 8 ml of ether for 15 min on a test tube 
rotator. After centrifugation, the ether layer was transferred to another test tube and 
evaporate’d to dryness at room temperature under a stream or nitrogen. The residue was 
reconstituted in 2 ml of the mobile phase and a lo-50-d aliquot injected onto the 
column. The column used was a,@ondapak C-l 8 (30 cm X 4 mm i.d.; Waters Associates). 
The mobile phase consisted of methanol/water (35%, v/v). The flow-rate was set at 2.5 
mI/min with an operating pressure of 2000 psi. The effluent was monitored at 254 nm 
with a full detection scale of 0.01 A. This procedure provided a low detection limit of 
0.25 pg for 1 ml of plasma, 

The area under the plasma concentration-time curve (AUCT) was estimated according 
to the trapezoidal rule. The elimination half-life (t&was calculated from the regression 
slope of the log-linear Portion of the plasma concentration-time curve, assuming first- 
order kinetics. 



Gastric emptying experiment 
Gastric emptying was determined by a slightly modified met 

Male rabbits in the same weight range were fed soybean crude 
and were fasted for 24 h prior to the gastric emptying except. I 
fasting condition is equivalent to feeding of commercial solid diet 
exemption from food with ad libitum water as previously de 
experiment. Since Maeda et al. (1977) reported copropha 
kept minimal by housing the animal in the metabolic c 
underneath. 

To empty the solid residuals in the stomach, a vinyl tube was in 
stomach and SO-100 ml of warm washing fluid (0.2% NaCl solution at p 
was injected. The fluid in the stomach was rapidly withdrawn by suction 
This procedure was repeated until the fluid withdrawn was vir 
For the determ~ation of gastric emptying, 80 ml of phenol-red corn 
w/v in the washing fluid) with and without diphenhydram~e was 
stomach through the vinyl tube. After the gastric contents were 
of the gastric fluid was collected for the analysis of initial phenol-re 
The initial volume of the gastric content (Ve) was calculated from 
concentration. Half-hour post-introduction of the nonabsorbable marker, 
content was emptyed as completely as possible. The volume of this ester c 
was measured and iu phenol-red concentration (Cr) subsequently analyzed. 
remove any residual gastric content, a second aliquot of 80 ml of washin 
mjected. The washing fluid was recovered and the concentration of phenol-red in 
washing (C,) determined. The volume of the residual gastric content (V,) was c3~~~~at~~ 
as follows: 

vz = 
80 cz 

Cl - c2 

Tire weight percentage of phenol-red remaining in the rabbit stomach, P 
lated at 0.5 h post-injection. 

PR% = w5 + V2) )( 100 

cove 

Assays of pllenol-red were perforn~ed spectrop~~otn~etrjcally 
ples by adding 1 N NaOH. 

Statistical arlalysis 

after alkaliza tion of em- 

The significance of difference among the 3 treatments was evaluated usin 
analysis of variance (ANOVA). In addition, the signi~cance of difference be 
two treatments was ev~uated using the nlultiple-range test of unman (1955). 
ity value (P) of 0.05 or less was considered significant. 
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RESUI.TS AND DISCUSSION 

The nlean concentrations of plasma acetamimophen after oral administration of aceta- 
minophen alone or in combination with diphenhydramine at 10 and 20 mg/kg; doses are 
shown in Table 1 and depi:tGd in Fig. 1. At the low dose of 10 mg/kg, diphenhydramine 
significantly reduced the mean plasma acetaminophen concentrations at 0.25 and 0.5 h 
from 54.5 + 3.1 to 39.3 2 8.6 and from 41.7 + 2.8 to 33.3 + 4.3 pglml, respectively 
(Duncan’c multiple-range test, P < 0.05). Similarly, diphenhydramine at 20 mg/kg dose 
significantI,- reduced the mean plasma acetamtinophen concentrations at 0.25 and 0.5 h 
from 54.5 f 3.1 to 32.9 * 4.4 and from 41.7 f 2.8 to 33.0 f: 2.3 pg/ml, respectively 
(P < 0.05). However, the degree of concentration reduction did not appear to be propor- 
tional to diphenhydramine dose. On the other hand, diphenhydramine at hi& dose signif- 
icantly elevated the mean plasma acetaminopheti concentrations at 2.0, ‘3.0 and 4.0 h 
fiom 8.4 + 0.5 to 10.9 + 0.9, from 4.0 LIZ 0.2 to 6.2 ? 0.5 and from 2.2 + 0.2 to 3.6 ? 0.2 
&ml, respectively (P < 0.05). However, no significant elevation of plasma acetamino- 
phen was observed at low dose of diphenhydramine at the same time interwls. 

The maximum plasma concentration (C,,) and the time taken to reaclll C,, (T,,,) 
of acetamirophen after oral administration of acetaminophen alone or in combination 
with diphenhydramine are shown in Table 2. Diphenhydramine at 10 and 20 mg/kg doses 
signi tican tly reduced C,, of acetaminophen from 54.5 ? 3.1 to 40.7 f: 7.9 and 36.3 f 
3.2 I_cdrnl, respectively (P < 0.05). However, no significant difference was found in T,, 
of acetaminophen among treatments, although 3 of the 6 rabbits demonstrated an 
increased T,,, of acetaminophen at 20 mg/kg dose of diphenhydramine. A significant 

TABLE 1 

PLASMA ACETAMINOPHEN CONCENTRATIONS. 1iXPKESSI:D AS MEAN + S.D., Ai’TER ORAL 
ADMINISTRATION 01: A(‘I’TAMINOP~lEN ALONE: OR IN COMBINATION WITH UIPHEN- 
HYDRAMINE IN RABBI-I’S 

Pm- - ---.- 

Time Mean plasma acctaminoplwn concentrations @g/ml) Statistics 
(h) __-_-.-__ ----__- (ANOVA) 

Control Diphcnhydraminc 
--------.-I_-~- 

10 mg/kg 20 mg/kg 
-~ _---. -__ _.___. _______ _____._lll l_l- 

0.25 54.5 ! 3.1 39.3 c 8.6 * 32.9 4.4 + * P < 0.05 
0.50 41.7 _t 2.8 33.3 t 4.3 * 33.0 :e 2.3 * P < 0.05 
0.75 29.5 e 1.9 26.6 C 3.4 27.2 .‘r 2.5 NS 
1 .O 21.7 + 1.2 20.8 2.7 !: 24.4 + 1.5 NS 
1 .5 13.3 t 0.7 14.3 1.9 (. 15.4 _+ 1.0 NS 
2.0 8.4 4 0.5 9.5 !: 1.2 10.9 t 0.9 * P < 0.05 
3.0 4.0 + 0.2 5.2 r: 0.5 6.2 c 0.5 * P < 0.05 
4.0 2.2 t- 0.2 2.4 0.5 !: 3.6 tr 0.2 * 1’ < 0.05 
5 .o I .3 .! 0.2 1.6 -! 0.4 1.7 _+ 0.1 NS 
6.0 0.8 t 0.2 0.9 0.2 f 1.2 c 0.1 NS 

.-___l__-.-._i_-l__- 

* SiWficantly difthcnt tiom control, P < 0.05 (Duncan’s multiple-range test), 



Time (hour) 

Fig. 1. Plasma concentration-time curves for 100 mg/kg oral dose of acetarlinophen alone (e) and in 
combination with diphenhydramine, 10 mg/kg (0) and 20 mg/kg (0). Each point represents the aver- 
age concentration of 6 rabbits. 

TABLE 2 

EI:F’ECT 01’ DH’HENIIYDKAMINE ON THE MAXlMUM PLASMA CONCENTKATlON (Cmon) 
AND THE TIME TAKEN TO REACH THE MAXIMUM PLASMA CONCENTRATION (Tma,) 01. 
ACETAMINOPHEN IN RABBtTS 

Rabbit Cnlax olglnil) Tmax 0~) 
_-. -.l”~_~li;s- 

Control Diphenhydraminc Control Diphcnhydramlnr 
ll_~--.-.-.- ._ 

IO mg/kg 20 mg/kg 10 n&kg 20 ml*;‘kg 
- - _-_._ .-. ._ 

A 67.7 72.7 41.1 0.25 0.25 0.25 
B 45.8 22.6 38.5 0.25 0.50 0.50 
C 49.4 34.4 25.6 0.25 0.25 0.75 
D 58.1 23.8 34.4 0.25 0.50 0.50 
t; 53.3 36.6 30.4 0.25 0.25 0.25 
t: 52.9 54.1 47.6 0.25 0.25 0.25 

Mean ? S.E. 54.5 + 3.1 40.7 -e 7.9 * 36.3 ? 3.2 0.25 t 0.00 0.33 + 0.05 0.42 r! 0.08 
Statistcs ANOVA, P < 0.05 ANOVA. NS 

* Significantly different from control, P < 0.05 (Duncan’s multiple-range test). 
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prolongation of T,, may become obvious at a larger diphenhydramine dose. The distinc- 
tion of TmBx among treatment groups may also be observed by increasing the number of 
rabbit studies or upon more frequent ~lpling during the absorption phase. 

Table 3 presents the area under the plasma concentration-time curve (AU?;) and the 
elimination half-life (tl& of acetaminophen after oral administration of the drug alone or 
in combination with diphenhydramine. No significant differences were found in AlJC$’ and 
tlrr of acetam~ophen among treatments. These resufts, together with the observation on 
T _, indicate that diphenhydr~ine probably decrea~s the rate but not the extent of 
acetaminophen absorption. In a comparable study, McGitIveray and Mattok (1972) found 
that the concomitant intake of food, which has been shown to delay gastric emptying 
(Kojima et al., 1971), affected the rate but not the extent of acetaminophen absorption. 

In order to elucidate the mechanism of acetaminophen-diphenhydt~~e interaction, 
gastric emptying experiments were ~ond~~~ted in the presence of 10 and 20 mg/kg doses 
of diphenhydramine. As shown in Table 4, the weight percentage of phenol-red remaining 
in the rabbit stomach was significantly different among treatments. Diphenhydramine at 
10 and 20 mg/kg doses significantly increased the weight percentage of phenol-red 
remaining in the rabbit stomach from 25.2 9 3.8 to 32.1 f 3.2 and 43.8 t 3.8%, respec- 
tively (P < 0.05). Furthermore, the effect of diphe~ydr~ine on gastric emptying was 
dose-related. The relative gastric emptying rates were 100% for the control, 78% at the 10 
mg/kg diphenhydramine dose, and 5?% at the 20 mg/kg diphenhydramine dose, respec- 
tively. Thus, the effects of diphenhydramine on gastric emptying, as referenced to the 
control group, were 22 and 43% for the 10 mg/kg and the 20 m&kg doses, respectively. 
These data (Table 4) ~dicate direct proportion between the diphenhydrami~~e dose and 
the inhibition of gastric emptying. 

Changes in drug absorption associated with delayed or accelerated gastric emptying 
have been reported for a number of drugs in man (Consolo et ai., 1970; Manninen et al., 

FFIWT 01: DlPHENHYDRAMlNti ON THE AREA UNDl’R PLASMA CONCENTRATION - 
TIME CURVE (AUC;) AND THE ELIMINATION IiALI:-LWL: (tta) OF AWTAMINOPHI~N IN 
RABBITS 

Control Diphenhydramine Control 

A 72.6 
I3 63.5 
c 58.7 
D 63.2 
E 55.3 
1: 59.4 

IO &kg 

88.7 
34.9 
47.5 
50.2 
65.3 
62.7 

20 &kg 
-__--- 

74.6 
6 1.5 
60.6 
60.6 
5t.s 
66.3 

.-_- 

1 .os 
1.72 
I *OS 
I.67 
1.19 
1.02 

Diphcnhydrminc 
-l-~.---*--v- 

10 nlg/kp 20 r&kg 
.--m-. H--I__ ..-- _P1~_-“.__s__ 

0.98 I.12 
1.40 1.16 
0.97 1.04 
1.67 1.91 
1.60 1.27 
1.18 1 .os 

Mcm t SE. 62.1 I” 2.4 58.2 -+ 7.6 62.5 c 3.1 1.28 t 0.13 1.30 _tO.12 1.26 kO.13 
Statistics ANOVA, NS ANOVA, NS 
- - 
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TABLE 4 

Ei+‘fXT OF D~P~iEN?iYDRAMlN~ ON THE WEIGHT PERCENTAGE OF PHENOL-RED REMAIN- 
ING IN THE RABBIT STOMACH 05 h AFTER iNJ~ON, (PR%) 

Rabbit Phenol-red remaining (PR%) 

Control Diphenhydramine 

10 m&g 20 w/kg 
-- .- 

G 18.8 23.3 36.2 
ti 41.2 38.7 48.9 
I 22.2 31.6 42.4 
J 21.0 36.4 48.2 
K 30.7 40.4 56.5 
L 16.5 22.0 30.8 

Mean 5 S.E. 25.1 + 3.8 32.1 + 3.2 * 43.8 t 3.8 * 
Rclativc gastric emptying rate 100.0 78.2 57.3 
Inhibition of gastric emptying 0 21.8 42.7 
Statistics ANOVA, P < 0.005 

* S~nificantiy different from control. P < 0.05 (Duncan’s nlultjp~-ra~~ test). 

1973; Nimmo et al., 197S;and Algeri et al., 1976). Propantheline delays gastric emptying 
and markedly decreases the rate of acetaminophen absorption, while metoclopramide, 
which accelerates gastric emptying, marke~y increases the rate of a~etaminophen absorp- 
tion (Nimmo et al., 1973). Atropine, a typical ~tichol~er~c drug, decreases the rate of 
lidocaine absorption by delaying the gastric emptying (Adjepon-Yamoah et al., 1974). In 
a recent report, Imamura et al. (1980) have shown that chlorpromazine and atropine, 
which have been shown to delay gastric emptying, decrease the rate of acetaminophen 
absorption in rabbits. Heading et al. (19713) have demonstrated a highly significant corre- 
lation between the rate of gastric emptying and rate of acetaminophen absorption. 

Recently, Hindmarsh et al, (1978) have reported that diphenhydramine markedly 
inhibits the oxidative metabolism of methaqualone. Diphenhydramine is chemically simi- 
lar to SKF 525.A which is a typical inhibitor of oxidative drug metabolism. Conse- 
quently, diphcnl~ydranline may affect the oxidativc metabolism of acetaminophen. How- 
ever, since major mctabolites of a~etaminop~~en are well known to be formed by direct 
giucur(~nide and sulfate conjugatio1~ at the 4.hydroxy position (Koch-Weser, 1976), 
diphcnhydramine would have httle effect, if any, on the metabolism of acetaminophen. 
In addition, since tissue distribution occurred rapidly for acetaminophen, the observation 
of similar half-lives for acetaminophen in the control and the treatment groups ruled out 
the po~ib~ity of metabolism inhibition by diphenhydr~ine. 

In sumntary, evidence has been presented in this study that diphe~ydra~nine delays 
gastric emptying in rabbits, The overall effects of diphenhydramine administration on 

C Lax* mar* AUCF and t ,,3 of acetaminophen lead us to conclude that diphenhydramine 
affects the rate of acetaminophen absorption in rabbits by delaying the gastric emptying. 
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Although the suitability of rabbit model for drug absorption study remains conditional 
(Chiou et al., 1969; Crouthamel et al., 1975; Maeda et al., 1975), we have been able to 
obtain reproducible data under the specified fasting conditions and clearly demonstrated 
the gastric emptying effect of diphenhydramine. The clinical significance of acetamino- 
phen-diphenhydramine interaction a*;,aits further investigation in man. 
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