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Purpose. Ranitidine gastrointestinal distribution was examined in the
rat small intestine after oral administration to determine whether
intestinal transit or secretion (exsorption) may influence the appear-
ance of secondary peaks in ranitidine serum concentration-time pro-
files. Methods. Male Sprague-Dawley rats received ranitidine (50
mg/kg) by oral gavage, and the mass of ranitidine recovered in all
small intestinal segments (~12 cm each) was determined 30, 60, 90,
or 120 min after administration. In a separate group of anesthetized
rats, the small intestine was divided into two segments of equal
length that were perfused with normal saline in a single-pass man-
ner. Rats received an escalating, zero-order IV infusion of ranitidine
for 30 min, and venous blood and intestinal effluent were collected
over 90 min to quantitate ranitidine exsorption. Results. Thirty min
after oral administration, >50% of the recovered ranitidine mass
resided in the lower half of the small intestine in all rats. Ranitidine
mass in 5 of 16 rats displayed a bimodal distribution with significant
amounts of ranitidine recovered from the stomach 60 to 90 min after
dosing. Ranitidine exsorption was more efficient from the lower
jejunum and ileum than from the duodenum and upper jejunum.
However, intestinal secretion of ranitidine was minor (5% of the IV
dose). Conclusions. Ranitidine absorption from the lower ileum con-
tributes significantly to systemic ranitidine concentrations before
and during the time of the first concentration maximum. Separation
of the drug mass into multiple boluses may contribute to secondary
peaks in ranitidine concentration-time profiles. Exsorption did not
contribute significantly to ranitidine distribution in the gastrointes-
tinal tract.

KEY WORDS: ranitidine; intestinal absorption; intestinal distribu-
tion; intestinal secretion; pharmacokinetics.

INTRODUCTION

Secondary peaks in serum concentration-time profiles
have been observed after oral administration of several com-
pounds including pafenolol (1), furosemide (2), and the H,-
receptor antagonists ranitidine (3,4), cimetidine (5), and fa-
motidine (6). A possible mechanism of the secondary peaks
is the existence of site-specific absorption along the gastro-
intestinal (GI) tract (7-9). Regional differences in the GI
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absorption of ranitidine, cimetidine, and pafenolol have been
demonstrated in the rat; the terminal ileum is the optimal site
of GI absorption for all three compounds (10-12). Absorp-
tion of ranitidine (12) and cimetidine (10) is more efficient
from the duodenum than from the midgut. Therefore, two
‘windows’ of ranitidine and cimetidine absorption may exist
in the rat small intestine.

When regional differences in drug absorption from the
GI tract exist, drug movement through the GI tract may have
a significant effect on the appearance of drug in the systemic
circulation. Pharmacokinetic models incorporating site-
specific GI absorption have demonstrated that delivery of
drug to the site of optimal absorption significantly affects the
occurrence of secondary peaks in serum concentration-time
profiles (8—13). Furthermore, GI transit phenomena have
been proposed to influence the occurrence of secondary
peaks in cimetidine concentration-time profiles (14). There-
fore, the relationship between the location of the drug ab-
sorption site(s) and the movement of drug through the GI
tract can greatly influence the appearance of secondary
peaks in serum concentration-time profiles.

Intestinal motility is cyclic and decreases from the up-
per to the lower GI tract (15). The leading edge of liquid and
solid test meals traverses approximately 70% of the rat small
intestine in 20 to 30 min after oral administration (16—18),
and reaches the terminal ileum between 60 (17,18) and 90
(19) min after oral administration. Use of the hydrogen
breath test indicated that test meals reach the cecum 88 to
180 min after oral administration to rats depending on meal
composition (20,21). Furthermore, the duodenum to ileum
transit time of radiolabelled polyethylene glycol instilled into
the duodenum was estimated to be approximately 90 to 100
min (11). The geometric center of drug mass in the rat GI
tract is used to describe the distribution of the entire drug
mass rather than only the leading edge (22). Estimates of the
geometric center of marker compounds in the GI tract 30 min
after administration range from approximately 30% of intes-
tinal length after duodenal instillation (18,23) to 54% (24) of
intestinal length after oral gavage.

Drug secretion from the systemic circulation into the
intestinal lumen (exsorption) may influence drug distribution
along the GI tract and the rate of drug delivery to the optimal
site of absorption. Exsorption has been demonstrated for
several compounds including furosemide (25), theophylline
(26), organic ions (27), and pafenolol (28). Extensive exsorp-
tion may deliver drug to distal areas of the intestine more
quickly than transit of drug through the intestinal lumen.
Likewise, exsorption also may result in delivery of drug to
proximal areas of the intestine after the drug mass residing in
the lumen has reached more distal areas (i.e., enteroenteric
recirculation). In addition to extensive exsorption, pafenolol
also exhibits regional GI absorption characteristics in rats
(28). Enteroenteric recirculation in combination with re-
gional GI absorption characteristics may influence the ap-
pearance of secondary peaks in serum concentration-time
profiles.

Exsorption also may affect the GI absorption character-
istics of a compound. Turnheim and Lauterbach (29) dem-
onstrated that net GI absorption of model cations was de-
creased by extensive exsorption of the compounds. How-
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ever, the net absorption of these compounds increased when
the systemic concentrations of the ions were sufficient to
saturate the exsorption processes. Exsorption and the pos-
sible saturation of that process has been proposed to influ-
ence the apparent regional GI absorption characteristics of
pafenolol and the appearance of double peaks in the serum
concentration-time profile (28). Ranitidine also may be sub-
ject to saturable exsorption. Exsorption may contribute sig-
nificantly to both the appearance of secondary peaks in se-
rum concentration-time profiles and the apparent regional
absorption characteristics of the drug.

The purpose of this study was to examine the GI transit
rate of ranitidine in the small intestine of the rat. Further-
more, experiments were performed to determine the extent
of ranitidine exsorption in rats after IV administration.

MATERIALS AND METHODS

GI Transit Experiments

Male Sprague-Dawley rats (257-360 g; n = 16) were
anesthetized with ether the day before the study, and a sili-
cone rubber cannula for blood sampling was implanted in the
right jugular vein and exteriorized at the base of the neck.
After an overnight fast, rats received ranitidine (50 mg/kg, 25
mg/ml in normal saline) by oral gavage. At 30, 60, 90, or 120
min after ranitidine administration, rats were sacrificed with
0.5 g/kg IV urethane (3-5 rats per time point). The small
intestine was exposed immediately, and segments from the
pylorus to the cecum (7-8 per rat) were isolated quickly with
tubing clamps. The first clamp was placed approximately
midway between the ligament of Treitz and the cecum, and
subsequent clamps were placed ~12 cm apart at random.
Approximately 2 min elapsed from the time of sacrifice until
all segments were isolated. After segment isolation, each
segment was ligated with surgical silk and the clamps were
removed. The stomach and small intestine were removed
from the peritoneum, laid flat on a metal surface, and the
length of each segment was measured. Each segment was
flushed with 5 ml of normal saline, and effluent was collected
in pre-weighed polypropylene tubes.

Intestinal Secretion Experiments

Male Sprague-Dawley rats (255-318 g; n = 7) were
anesthetized with i.p. ketamine (60 mg/kg) and xylazine (12
mg/kg). Body temperature was maintained at 37°C during the
experiment with a heating pad linked to a temperature con-
troller and surface temperature probe (Yellow Springs In-
strument Co., Inc., Yellow Springs, OH) placed beneath the
rat. The right jugular and femoral veins were cannulated with
silicone rubber tubing (0.037 in. o.d.) for ranitidine adminis-
tration and venous blood collection, respectively. The small
intestine was exposed through a midline incision, and the
bile duct was cannulated with polyethylene tubing (P.E. 10).

The small intestine from the ligament of Treitz to the
cecum was divided into two segments of approximately
equal length. The proximal end of each segment was punc-
tured with a 20-gauge needle, and a silicone rubber cannula
with a polyethylene collar was inserted. The intestine was
ligated around the polyethylene collar with silk thread. A
small incision was made in the terminal end of each segment,
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and a flared piece of polyethylene tubing (P.E. 240) was in-
serted into the intestinal lumen. The distal end of the seg-
ment was ligated around the polyethylene tubing with silk
thread. The segments were flushed gently with normal saline
until the effluent was clear. The intestine was placed in the
abdominal cavity, and the incision was covered with saline-
soaked gauze and parafilm. Previous studies indicated that
intestinal extraction of ranitidine from a single-pass perfu-
sion was low (=22%) at a flow rate of 0.25 ml/min (30).
Therefore, normal saline was perfused through the segment
at a flow rate of 0.5 ml/min. Effluent was collected in pre-
weighed polyethylene tubes.

After intestinal effluent flow was established, an esca-
lating, zero-order IV infusion of ranitidine (15 mg/ml in nor-
mal saline) was administered at rates of 15 mg/h from 0-10
min, 30 mg/h from 10—20 min, and 90 mg/h from 20-30 min.
At 30 min, the IV infusion was terminated. Venous blood
(0.25 ml) was collected at 5, 10, 15, 20, 25, 30, 35, 45, 57.5,
72.5, 85, and 90 min after initiation of the IV infusion. Ef-
fluent intestinal perfusate was collected at 10-min intervals
for 50 min and from 50-65, 65-80, and 80—90 min. After the
90-min blood and effluent perfusate samples were collected,
the intestine was removed from the peritoneum and exam-
ined for viability. Only data from rats with bright pink intes-
tinal segments, pulsatile blood flow, and noticeable peristal-
sis were included in subsequent analyses. After the rat was
sacrificed with IV urethane (0.5 g/kg). the intestine was ex-
cised from the peritoneum, laid flat on a metal surface, and
the length of the intestinal segments was measured and re-
corded.

Analysis

Intestinal effluent volume from both studies was mea-
sured gravimetrically assuming a density of 1 g/ml. Serum
and effluent perfusate samples were analyzed for ranitidine
by HPLC (31). Serum samples collected during intestinal
secretion studies were diluted either 2- or 4-fold before ad-
dition of the internal standard and protein precipitation. Gut
perfusate effluent samples were diluted (2- or 4-fold in intes-
tinal secretion experiments; 100-fold in GI transit experi-
ments) and filtered through a 0.2-um nylon filter prior to
addition of the internal standard.

GI Transit

The stomach was assigned a length of 3 cm in all rats.
The total length of the upper GI tract was calculated as the
sum of the stomach length and the length of the small intes-
tine from the pylorus to the cecum. The fraction of the cu-
mulative length of each segment (FTotLen,) was defined as:

Cumulative length of intestine

FotLen: — at end of segment m
Ot = Total length of upper GI tract

The mass of ranitidine recovered in each gut segment and the
cumulative mass of ranitidine recovered in the entire small
intestine (Ran, and Ran,,, respectively) were measured. The
geometric center of the ranitidine dose in the small intestine
was calculated as:
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Exsorption

A 2-compartment model was fit to serum concentration-
time profiles with PCNONLIN (Statistical Consultants,
Lexington, KY). Systemic disposition parameters generated
from model fits to the data were used to calculate ranitidine
clearance in each rat. Then, ranitidine clearance was used to
calculate the area under the concentration-time profile from
zero to infinity (AUC,,_,.). The area under the ranitidine con-
centration-time profile from zero to 90 min (AUC,_,,) was
calculated with a combination of the linear and log trapezoi-
dal rules. The administered dose was corrected for the frac-
tion eliminated over 90 min, and the fraction of the dose
recovered in the intestinal perfusate (F,,) was calculated as:

__Ranitidine in perfusate
" Dose * AUC
o-s0/ AUC,_..

Frp 3)

F,, was normalized for the length of intestine perfused, and
compared between segments with a paired Student’s #-test.

RESULTS

GI Transit

Ranitidine metabolites were not detected in any of the
samples. The mean percentage of the ranitidine dose recov-
ered from the stomach and small intestines and the geomet-
ric center of the ranitidine mass are included in Table 1.
Representative ranitidine mass recovered in each segment vs.
FTotLen plots are displayed in Figure 1. Thirty minutes after
oral administration, more than 50% of the ranitidine mass
recovered resided in the lower half of the small intestine in
all rats. Ranitidine was recovered from the terminal ileum in
all rats 60 min after administration. More than 65% of the
ranitidine recovered at 90 min was recovered from the most
distal 25% of the small intestine in 3 of 5 rats. The mean
geometric center of 86.2% of total length indicates that the
majority of the ranitidine dose present in the small intestine
resided in the ileum 120 min after ranitidine administration.
The mean fraction of the dose recovered from the stomach
and small intestines decreased approximately 5% at each
30-min time interval. The mean geometric center increased
slightly at each sample time, but remained approximately
70% until 90 min after ranitidine administration.

Only small amounts of ranitidine were recovered from

Table I. Mean (SD) fraction of ranitidine dose recovered from the
stomach and small intestine and the geometric center of the raniti-
dine mass after oral administration.

Fraction recovered Geometric center

(%) (% intestinal length)
30 min (n = 3) 64.7 (3.9) 66.5 (14.9)
60 min (n = 5) 56.2 (14.2) 71.6 (11.1)
90 min (n = 5) 50.8 (i8.8) 73.5(16.9)
120 min (n = 3) 45.5 (19.6) 86.2 (9.8)

Suttle and Brouwer

the duodenum and upper jejunum at all time points through-
out the study. A significant amount (>>30%) of the recovered
ranitidine mass remained in the stomach in 3 of 5 rats 60 min
after administration, and 2 of 5 rats 90 min after administra-
tion. Quantifiable amounts of ranitidine were recovered from
the upper 50% of the small intestine in only 1 of 3 rats sac-
rificed 120 min after dosing. Ranitidine mass in the small
intestine displayed a bimodal distribution in 5 of 16 rats.
Representative ranitidine mass versus FTotLen profiles that
displayed a bimodal distribution are shown in Figure 2.

Exsorption

The mean serum ranitidine concentration-time and in-
testinal secretion rate versus time profiles for 7 rats after IV
infusion of ranitidine are displayed in Figure 3. Ranitidine
recovery from the intestinal perfusate is shown in Table II.
The mean mass of ranitidine recovered in the intestinal ef-
fluent over 90 min was 1.0 mg, which represented 5.5% of
the dose excreted in 90 min. When the ranitidine mass re-
covered in intestinal perfusate was corrected for the length
of intestine perfused, the amount recovered from the lower
small intestine was significantly greater than the amount re-
covered from the upper small intestine (p < 0.01). The mean
ranitidine exsorption rate from the lower small intestine par-
alleled serum concentrations at all times. The mean exsorp-
tion rate versus time profile from the upper small intestine
reached an apparent plateau during the study. However, this
plateau was a result of data variability. Only 2 of 7 individual
exsorption rate versus time profiles evidenced a plateau dur-
ing the study.

DISCUSSION

Previous work suggested that the rat may be a good
model for investigating the mechanism(s) responsible for
secondary peaks in ranitidine serum concentration-time pro-
files after oral administration (31). The distribution of ranit-
idine in the rat GI tract was investigated in the present study
to obtain an accurate measurement of the GI transit charac-
teristics of ranitidine after oral administration. Measure-
ments of both the leading edge and the geometric center of
the ranitidine dose in the small intestine 30 and 60 min after
oral administration were consistent with results of previous
studies investigating the GI transit of orally administered
liquid markers (24). However, the geometric center of the
ranitidine mass 30 min after administration in the present
study (66% of intestinal length) was approximately twice the
reported geometric center of radiolabelled markers adminis-
tered into the duodenum [= 30% of intestinal length (18,23)].
In contrast to the pylorus-to-cecum transit time of 90 to 100
min reported by Lennernas et al. (11), results of the present
study indicate that the stomach-to-cecum transit time for
orally administered ranitidine is less than 60 min.

Results of the present study are not consistent with the
hypothesis that the double peaks in ranitidine serum concen-
tration-time profiles are caused by movement of drug mass
through absorption ‘windows’ located in the upper and lower
small intestine (8). The first peak in the serum ranitidine
concentration-time profile occurs 1 to 2 h after oral admin-
istration to rats (31); more than 50% of the ranitidine mass
resided in the lower half of the small intestine 30 min after



GI Transit and Distribution of Ranitidine in the Rat 1319
6 6
A B
5 5 |
- 4 4 r
E 3 8 3 L
g 2t 2t
c
q) 1 1
e B R . s
: 0 20 40 60 80 100 0 20 40 60 80 100
-
6 6
c C D
» — 5 - 5t
N
0 47 4
©
= dl
2t 2t
1r 1 F
0 . 0 — e
0 20 40 60 80 100 0 20 40 60 80 100

FTotLen (%)

Fig. 1. Mass of ranitidine in intestinal lumen (mg) vs. FTotLen (%) of small intestinal segment in representative rats receiving
ranitidine. Bar width represents length of the intestinal segment: A, 30 min after oral administration; B, 60 min after oral administration;
C, 90 min after oral administration; D, 120 min after oral administration.

oral administration. Furthermore, significant ranitidine mass
(> 40% of recovered mass) reached the distal 20% of the
small intestine in all 5 rats 60 min after administration. The
terminal ileum is the optimal site of ranitidine absorption
(12). Therefore, passage of the ranitidine mass through a
window of absorption and into an area of relatively poor
absorption in the upper small intestine cannot account for
appearance of the first serum ranitidine concentration max-
imum. Results of the present study suggest that absorption
of ranitidine from the lower ileum contributes significantly to
systemic ranitidine concentrations prior to and during the
time of the first concentration maximum.

Distribution of ranitidine along the GI tract may influ-
ence the occurrence of secondary peaks in serum concen-
tration-time profiles since the distribution of the ranitidine
mass along the GI tract was bimodal in 5 of 16 rats. Further-
more, significant amounts of ranitidine were recovered from
the stomach in 3 of § rats 60 min after administration and 2
of 5 rats 90 min after dosing. These results suggest that ran-
itidine may travel through the GI tract in separate boluses
rather than as a single mass. A bimodal distribution along the
Gl tract for an orally administered marker also was observed
by Galligan and Burkes (23). If the optimal site of drug ab-
sorption is in a distal portion of the small intestine, boluses

of drug may reach that site at different times, and result in
secondary peaks in the concentration-time profiles. This
mechanism is consistent with observations that gastric mo-
tility influences the occurrence of secondary peaks in serum
concentration-time profiles (14). It also is feasible that the
drug mass may separate into more than one bolus after ex-
iting the stomach. This could explain the occurrence of sec-
ondary peaks in serum concentration-time profiles observed
after direct intestinal administration of ranitidine in humans
(32).

The present data indicate that ranitidine exsorption has
a minor effect on the distribution of ranitidine in the GI tract
and the oral absorption of ranitidine. Approximately 1 mg of
a 22.5-mg IV dose of ranitidine was recovered in intestinal
perfusate throughout the 90-min study period. An escalating,
zero-order infusion during a 30-min period was used in the
study to characterize the exsorption of ranitidine over a wide
range of ranitidine serum concentrations (5-70 pg/ml).
There was no evidence that the exsorption mechanism was
saturable over the range of ranitidine serum concentrations
achieved in this study. However, if the exsorption mecha-
nism was saturated during the present study, the maximal
intestinal secretion rate of 1 mg/90 min would not have a
significant effect on ranitidine distribution in the GI tract.
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Fig. 2. Mass of ranitidine in intestinal Jumen (mg )vs. FTotLen (%) of small intestinal segment in representative rats exhibiting bimodal
distributions. Bar width represents length of the intestinal segment. Rats were sacrificed: A, 30 min after oral administration; B, 60 min
after oral administration; C and D, 90 min after oral administration.

Simulations suggest that the second of two serial absorption
processes must contribute at least 20% of the fraction ab-
sorbed to produce a secondary peak in the serum concen-
tration-time profile (8). Secondary peaks were observed in
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Fig. 3. Mean (=SD) serum ranitidine concentration-time and ex-
sorption rate vs. time profiles in rats receiving an escalating IV infu-
sion of ranitidine (15 mg/h from 0-10 min; 30 mg/h from 10-20 min;
90 mg/h from 20-30 min): —@—, serum concentrations (pg/mt);
—M—, exsorption rate from the lower intestine (wg/min); —A—,
exsorption rate from the upper small intestine (u.g/min).

serum concentration-time profiles after administration of 50
mg/kg ranitidine in rats (31). A maximal exsorption rate of 1
mg/90 min would result in secretion into the small intestine
of only 7% of a 15-mg ranitidine dose administered to a 300-g
rat.

In humans, regional differences exist in ranitidine intes-
tinal exsorption as well as absorption. Gramatté et al. (33)

Table II. Ranitidine recovered in effluent intestinal perfusate after
IV administration.

Ranitidine recovered

Total ranitidine F, Upper Gl Lower GI
Rat (mg) (%) (ng/cm) (pg/cm)
1 0.93 4.64 13.79 19.77
2 1.02 5.33 14.91 22.50
3 1.12 6.70 16.34 28.48
4 i.15 5.88 17.96 32.23
5 1.04 5.38 14.92 18.91
6 1.05 5.80 17.53 19.80
7 0.95 5.01 15.63 22.33
Mean 1.04 5.53 15.87 23.432
SD 0.08 0.67 1.50 5.03

2 Lower GI significantly greater than Upper GI (p < 0.01).
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recently reported that ranitidine absorption rates were great-
est in the regions of the duodeno-jejunal junction and the
distal jejunum/ileum; secretion of ranitidine into the gut lu-
men was observed in the mid-jejunum. Results of the present
study in rats suggest that ranitidine is exsorbed preferentially
into the second segment of the small intestine (lower jejunum
and ileum). Previous studies indicated that the terminal il-
eum is the optimal site of ranitidine absorption from the
small intestine (12). Since ranitidine exsorption does not ap-
pear to be saturable in the relevant concentration range, the
apparent increased absorption efficiency of ranitidine from
the terminal ileum was a result of more efficient transfer of
ranitidine from the intestinal lumen to the systemic circula-
tion rather than less efficient ranitidine exsorption in the
lower small intestine. These results suggest that the lower
small intestine is more permeable to ranitidine in both the
lumenal-to-blood and blood-to-lumen directions than the up-
per small intestine. Alternatively, if ranitidine absorption is
carrier-mediated in this region, these data may suggest that
the transporter is bi-directional. Additional studies are
needed to examine the mechanism(s) of ranitidine absorp-
tion.

In summary, the GI transit characteristics of orally ad-
ministered ranitidine and the effect of ranitidine exsorption
on the distribution and absorption of ranitidine in the GI
tract were investigated in the rat. Results of the present
study indicated that the residence time of ranitidine in the
upper small intestine is very short after oral administration.
Therefore, absorption ‘windows’ in the upper and lower
small intestine probably are not responsible for the appear-
ance of double peaks in ranitidine serum concentration-time
profiles in rats. However, bimodal distribution of ranitidine
along the GI tract influences drug delivery to the optimal site
of absorption in the terminal ileum and may cause secondary
peaks. Exsorption of ranitidine is most efficient in the lower
small intestine, but is relatively minor. The presence of en-
teroenteric recirculation does not account for the appear-
ance of secondary peaks in ranitidine concentration-time
profiles.
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