
GASTROENTEROLOGY 1996;111:990–995

Nonsteroidal Anti-inflammatory Drug and Phospholipid
Prodrugs: Combination Therapy With Antisecretory Agents in
Rats

LENARD M. LICHTENBERGER, CARLOS ULLOA, JIMMY J. ROMERO, AMY L. VANOUS,
PAUL A. ILLICH, and ELIZABETH J. DIAL
Department of Integrative Biology, University of Texas-Houston Medical School, Houston, Texas

iting the availability of NSAIDs to interact with and
See editorial on page 1145. neutralize the surface activity of intrinsic phospholipids

that line the mucus gel layer of the upper GI tract.
Background & Aims: The gastrointestinal side effects of Another approach advocated to reduce the GI toxic
nonsteroidal anti-inflammatory drugs (NSAIDs) are re- effects of these drugs is to concomitantly administer an
duced by antisecretory agents. The effects of combina- NSAID and one of several potent antisecretory agents to
tion therapy on the gastrointestinal toxicity and therapeu- neutralize gastric acidity.4–8 Although this seems to be
tic activity of free and phospholipid-associated NSAIDs

an effective and promising strategy to reduce some ofwere investigated in rats. Methods: Fasted rats, pre-
the GI side effects of NSAIDs, a question that needs totreated with either saline or an antisecretory dose of
be addressed is whether inhibition of gastric acidity af-omeprazole, ranitidine, or cimetidine, were intragas-
fects the bioavailability and therapeutic activity of thistrically administered saline, aspirin, or indomethacin. In
powerful family of drugs. This possibility is worth con-ulcer models, gastric lesions in aspirin-treated rats and
sidering because aspirin and many other NSAIDs areintestinal bleeding in indomethacin-treated rats were

measured. For antipyretic and analgesic activity, rectal weak acids and are thought to primarily enter circulation
body temperature in febrile rats and the rats’ pain sensi- by absorption across the gastroduodenal epithelium in
tivity to pressure applied to an inflamed limb were mea- their nondissociated, lipidic state.9 Thus, neutralizing
sured, respectively. Results: NSAID-induced gastrointes- gastric juice pH would markedly reduce the lipophilic
tinal ulceration and bleeding were reduced in rats nature of these molecules and alter their site of absorption
pretreated with antisecretory agents and abolished in to more distal regions of the GI tract that contain a
rats administered phospholipid-associated NSAIDs in

different complement of digestive enzymes.combination with inhibitors of acid secretion. The antipy-
In the present study, rat model systems were used toretic and analgesic activity of both NSAIDs was attenu-

investigate the effects of both proton pump inhibitorsated in rats pretreated with an antisecretory agent. This
and H2-receptor antagonists on the short-term GI toxic-pH-dependent block in therapeutic activity was overcome
ity and antipyretic and analgesic activity of aspirin andif the NSAID was preassociated with a phospholipid to
indomethacin. Parallel experiments were performed withenhance the drug’s lipophilic characteristics. Conclu-

sions: Combination therapy of antisecretory agents and these NSAIDs coupled to phospholipids to determine if
NSAIDs, chemically associated with phospholipids, has this may be an effective strategy to increase the bioavail-
distinct advantages with regard to both low gastrointesti- ability of the NSAID in the presence of an antisecretory
nal toxicity and restored therapeutic activity. agent while providing enhanced protection against the

drugs’ injurious actions.

T Materials and Methods
he consumption of nonsteroidal anti-inflammatory
drugs (NSAIDs) is considered a risk factor in the

development of peptic ulcer disease because studies indi- Animals
cate that the incidence of developing gastroduodenal ul- Male Sprague–Dawley rats weighing 150–175 g were
cers and/or gastrointestinal (GI) bleeding is significantly purchased from Harlan Sprague–Dawley Inc. (Indianapolis,
increased in subjects taking NSAIDs.1,2 We have recently

Abbreviations used in this paper: DPPC, dipalmitoylphosphatidyl-reported that the ability of NSAIDs to induce GI bleed-
choline; ED50–80, 50%–80% effective dose; GI, gastrointestinal; L-ing and ulceration in rats can be reduced if the drugs are
NAME, NG-nitro-L-arginine methyl ester.

chemically associated with zwitterionic phospholipids.3 q 1996 by the American Gastroenterological Association
0016-5085/96/$3.00This form of synthetic bonding presumably acts by lim-
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IN) and housed in our institution’s Animal Care Center 5– Antipyretic Activity
10 days before study, during which time they had ad libitum

The antipyretic activity of NSAIDs was evaluated and
access to water and Harlan Teklab F-6 Rodent Diet (Madison,

compared in conscious rats who were made febrile by a subcuta-
WI). All animal protocols had been scrutinized and approved

neous injection of 2 g/kg brewers’ yeast and fasted thereafter
by our institution’s Animal Welfare Committee, and they met

according to a method described by Adams et al.3,10 Eighteen
or exceeded National Institutes of Health guidelines for treat-

hours later, the fasted febrile rats (body temperature increase,
ment and welfare of laboratory animals.

0.5–1.07C) were injected with an antisecretory agent or an
equivalent volume of vehicle was injected by the same route.

Gastric pH One hour later, the rats were treated intragastrically with 1
mL of an approximate ED50–80 of either aspirin (18 mg/kg) orFasted rats were injected intraperitoneally with saline
indomethacin (4 mg/kg) alone or the drugs preassociated with(control) or various doses of omeprazole (Astra Hässle AB,
DPPC (adjusted to a pH of 7.0). Rectal body temperature wasMölndal, Sweden), cimetidine, or ranitidine (Sigma Chemical
monitored over the subsequent 4-hour period.Co., St. Louis, MO). One hour later, the rats were anesthetized

with ether; after a midline incision, the stomachs were exteri- Analgesic Activity
orized, and 2 mL of H2O was injected into the gastric lumen

We assessed the ability of NSAIDs to reduce the hyper-and collected for pH analysis.
algesia (i.e., increased sensitivity to pain) associated with an
inflamed hind paw (induced 4 days earlier by the injection ofUlcer Models and Chemical Association of
0.05 mL complete Freund’s adjuvant). A modified version ofNSAIDs With Dipalmitoylphosphatidylcholine
the Randall–Selitto test was used to assess pain sensitivity of

Rats were fasted overnight and injected intraperitone- each hind paw.3,11,12 Rats were restrained in Plexiglas tubes,
ally with an acid-inhibitory dose of omeprazole (400 mmol/kg and external pressure was applied sequentially to the unin-
or 140 mg/kg), ranitidine (5 mg/kg), or cimetidine (50 mg/ flamed and inflamed hind paws (0–250 g at a rate of 16 g/s
kg). One hour later, the rats were intragastrically administered with an Analgesymeter (Life Sciences Institute, Woodland
a 50%–80% effective dose (ED50–80) of aspirin (20 mg/kg) Hills, CA) under the control of an observer unaware of the
and challenged 10 minutes later with an intragastric dose of treatment groups. Pain pressure threshold was defined as the
0.6N HCl as outlined previously.3 In this and all subsequent pressure at which an animal exhibits paw withdrawal. In these
experiments, the NSAIDs were administered either alone or studies, rats were fasted overnight and pretreated with an anti-
chemically associated with an equimolar concentration of di- secretory agent or saline 1 hour before receiving an ED50–80

palmitoylphosphatidylcholine (DPPC). The NSAID-DPPC of the NSAID alone (10 mg/kg aspirin, 4 mg/kg indomethacin)
complex was prepared by initially dissolving the required or the NSAID preassociated with DPPC as described above.
amount of DPPC in chloroform, followed by exhaustive over- Two hours later, pain pressure thresholds were assessed on
night evaporation of the organic solvent under vacuum as de- both hind paws. The dosing regimen described above was
scribed previously.3 The NSAID salt, which was dissolved in repeated at 6 and 24 hours, and the sensitivity to externally
water and subsequently titrated to the desired pH, was added applied pressure was measured 2 hours after the animals re-
to the tube containing the lipid film and sonicated for 15 ceived the last NSAID dosage.
minutes in a bath-type sonicator (Laboratory Supplies Co. Inc., The results were analyzed using the ANOVA procedure. If
Hicksville, NY) as outlined previously.3 Sixty minutes after the ANOVA procedure yielded a significant interaction be-
administration of aspirin with or without DPPC, the rats were tween variables, post ad hoc comparisons were made with
killed by CO2 asphyxiation, their stomachs were removed, Fisher’s least-squares difference test (P õ 0.05). Data are ex-
and gastric lesions were scored in accordance to a previously pressed as mean { SEM, with P values of °0.05 considered
described method by an individual unaware of the treatment statistically significant.
conditions.3

ResultsThe second animal model was based on a recently described
method3 in which fasted rats were administered NG-nitro-L- Table 1 shows that, in conscious rats, gastric acid
arginine methyl ester (L-NAME, 20 mg/kg intraperitoneally) secretion was maximally inhibited by the injection of
1 hour before and 3 and 6 hours after the animals received omeprazole at a dose of 400 mmol/kg, with gastric pH
indomethacin intragastrically with or without DPPC at a dose not being significant from neutrality. The H2-receptor
of 10 mg/kg or saline (control). In this experiment, the antise- blockers, ranitidine and cimetidine, at doses of 5 and 50
cretory agents were administered intraperitoneally 90 minutes

mg/kg, respectively, were somewhat less efficacious inbefore indomethacin (or saline) treatment. Eighteen hours after
inhibiting gastric acid secretion in the rats, increasingadministration of the NSAID (or saline), the rats were killed
the gastric pH to values of ú6.0 in 1–2 hours.by CO2 asphyxiation. The distal half of the intestine was

Figure 1 shows that aspirin’s ability to induce acuteflushed with 10 mL of saline, which in turn was collected for
gastric lesions was reduced to a variable degree in ratshemoglobin analysis to provide an estimate of GI bleeding as

outlined previously.3 pretreated with an antisecretory agent (with omeprazole
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Table 1. Ability of Antisecretory Agents to Neutralize Gastric
Juice pH in Rats

Groups Dose Gastric juice pH

Saline 0 3.45 { 0.05
Omeprazolea 40 mmol/kg 4.15 { 0.60

400 mmol/kg 7.21 { 0.15c

Ranitidineb 5 mg/kg 6.03 { 0.27
20 mg/kg 6.30 { 0.24c

Cimetidineb 20 mg/kg 3.58 { 0.46
50 mg/kg 6.13 { 0.32c

NOTE. Fasted rats were injected intraperitoneally with omeprazole,
ranitidine, cimetidine, or saline. Two hours later, a laparotomy was
performed with the rats under ether anesthesia. Clamps were then Figure 2. Ability of omeprazole and the H2-receptor antagonists to
placed at the esophageal and duodenal ends, and 2 mL of water was protect against indomethacin-induced GI bleeding in rats pretreated
injected through the gastric wall into the lumen. After mixing, the and posttreated with L-NAME. As in the case of aspirin, superior pro-
gastric fluid was collected for pH analysis. tection against NSAID-induced GI injury was obtained in rats pre-
aOmeprazole was suspended in 1 part 10 mg/dL polyethylene glycol treated with antisecretory agents before challenge with the indometh-
in 5 parts 18 mmol/L NaHCO3. acin-DPPC complex ( ��). h, Indomethacin (Indo); *Põ 0.05 vs. saline
bRanitidine and cimetidine were solubilized in distilled H2O. plus indomethacin; †P õ 0.05 comparing aspirin vs. aspirin-DPPC for
cP õ 0.05 vs. gastric juice pH of control rats injected with saline. each antisecretory agent. Numbers inside bars indicate number of

animals per group.

and cimetidine being most protective) or if the NSAID
administered at a dose of 18 mg/kg, was clearly attenu-was chemically associated with DPPC, confirming results
ated if the rats were pretreated with antisecretory dosesof previous studies. Interestingly, pretreatment of rats
of omeprazole, ranitidine, or cimetidine. However, thewith any one of the antisecretory agents before intragas-
antisecretory agents’ ability to attenuate aspirin’s anti-tric administration of phospholipid-complexed aspirin af-
pyretic activity was completely reversed if the NSAIDforded the animals full protection against NSAID-in-
was preassociated with DPPC to increase the drug’sduced gastric lesion in this ulcer model.
lipophilic characteristics. Figure 4 shows that the pro-Figure 2 shows that the combination therapy of antise-
ton pump inhibitor omeprazole had a similar ability tocretory agents with indomethacin-DPPC proved superior
reduce the antipyretic activity of indomethacin, admin-to either the acid inhibitor or the phospholipid alone
istered at a dose of 4 mg/kg, which once again couldin the prevention of acute NSAID-induced GI bleeding
be overcome if the NSAID was administered as a com-during an 18-hour period.
plex with DPPC.Figure 3 shows that the antipyretic activity of aspirin,

Figure 5A and B shows that the analgesic activity of
both aspirin and indomethacin was similarly attenuated
if rats were pretreated with an antisecretory agent. Under
control conditions, the pain pressure threshold of the
inflamed paw increased approximately twofold from 40–
60 to 90–100 mm Hg 2 hours after rats were adminis-
tered the ED50–80 of either NSAID alone. This analgesic
action of both aspirin and indomethacin was clearly re-
duced or eliminated if the rats were pretreated with one
of the potent antisecretory agents (Figure 5, compare
open bars). Furthermore, the analgesic activity of both
aspirin and indomethacin could be restored in rats pre-
treated with an inhibitor of gastric acid secretion if the
NSAIDs were administered in the lipid-associated state

Figure 1. Ability of omeprazole and the H2-receptor antagonists cimet- (Figure 5, compare shaded bars with open bars for each
idine and ranitidine to protect against short-term aspirin-induced gas-

antisecretory agent). An analgesic activity pattern verytric ulcer formation. Note that NSAID-induced lesion formation was
prevented if combination therapy was performed with the aspirin-DPPC similar to that described above was observed 26 hours
complex ( ��) and one of the antisecretory agents. h, Aspirin (ASA). after rats received three consecutive treatments of aspirin
*P õ 0.05 vs. saline plus aspirin; †P õ 0.05 comparing aspirin vs.

or indomethacin with and without DPPC (at 0, 6, andaspirin-DPPC for each antisecretory agent. Numbers inside bars indi-
cate number of animals per group. 24 hours) preceded 1 hour earlier with an injection of
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an antisecretory agent. Once again, the NSAID-induced Discussion
analgesia was significantly reduced by pretreatment with Proton pump inhibitors and H2-receptor antago-
one of the three antisecretory agents, which could be nists are presently recommended for both the prevention
overcome if the NSAIDs were chemically associated with and treatment of gastroduodenal ulcers associated with
DPPC. Importantly, at both time points in the absence NSAID use on the basis of encouraging clinical find-
of one of the above antisecretory agents, both the antipy- ings.4–8 Using rodent model systems, we obtained con-
retic and analgesic activities of aspirin and indomethacin firmatory evidence that pretreatment of rats with antise-
were at least as good and in most cases enhanced when cretory doses of omeprazole, ranitidine, and cimetidine
the drug was complexed to DPPC compared with activity was moderately effective in reducing GI injury and bleed-
observed with the NSAID alone (Figure 5, compare ing induced by short-term exposure to aspirin or indo-
shaded bars with open bars for rats treated with saline). methacin. Building on recent reports from our laboratory

that the GI injurious actions of NSAIDs can be reduced if
the drugs are chemically associated with the zwitterionic
phospholipid DPPC,3 we also tested the GI toxicity of
the above potent antisecretory agents in combination
with phospholipid-associated NSAIDs. The results
clearly indicate that this strategy proved the most effec-
tive in eliminating the short-term GI side effects of both
aspirin and indomethacin.

The results of the present study based on rodent model
systems indicate that the powerful antisecretory agents
omeprazole, ranitidine, and cimetidine seem to attenuate
the therapeutic activity of anionic NSAIDs to reduce
fever, pain, and inflammation. This apparent reduction in
bioavailability was best observed when the antisecretory
agents were administered at a dose to increase gastric
juice pH to ú6.0 and when the NSAIDs were adminis-
tered at an ED50–80 to induce antipyretic and anti-in-
flammatory or analgesic activity. These laboratory find-
ings thereby suggest that although combination therapy
of antisecretory agents with NSAIDs seems to effectively

Figure 4. Antipyretic activity of indomethacin, intragastrically adminis-
tered at a dose of 4 mg/kg, was also attenuated if febrile rats were
pretreated with omeprazole (400 mmol/kg) 1 hour before the NSAID.
This block could similarly be overcome if indomethacin was adminis-Figure 3. Antipyretic activity of aspirin, intragastrically administered

at a dose of 18 mg/kg, is attenuated if febrile rats are treated with tered as an equimolar complex with DPPC. L, Saline (vehicle); l,
saline (omeprazole); s, indomethacin (vehicle); ●, indomethacin(A) omeprazole (400 mmol/kg), (B) ranitidine (5 mg/kg), or (C) cimeti-

dine (50 mg/kg). This block in antipyretic activity, induced by pretreat- (omeprazole); n, indomethacin-DPPC (vehicle); m, indomethacin-
DPPC (omeprazole). n Å 4/group. *P õ 0.05 vs. saline; †P õ 0.05ing the rats with antisecretory agents, could be overcome if aspirin

was administered as an equimolar complex with DPPC. vs. indomethacin (omeprazole); nPõ 0.05 vs. indomethacin (vehicle).
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Figure 5. The ability of (A) aspirin (h; 10 mg/kg) and (B) indomethacin (h; 4 mg/kg) to increase the pain pressure threshold of an inflamed
paw over saline-treated control values at 2 hours was eliminated if rats were pretreated with an antisecretory dose of cimetidine, ranitidine,
or omeprazole. This block in NSAID-induced analgesia could be overcome if the NSAID was preassociated with an equimolar concentration of
DPPC ( ��). The pain pressure threshold of the uninflamed paw of saline-treated control rats was 112 { 5 mm Hg. (A) ASA, aspirin. *P õ 0.05
vs. saline plus aspirin; †P õ 0.05 comparing aspirin vs. aspirin-DPPC for each antisecretory agent. (B) Indo, indomethacin. *P õ 0.05 vs.
saline plus indomethacin; †Põ 0.05 comparing indomethacin vs. indomethacin-DPPC for each antisecretory agent. Numbers inside bars indicate
number of animals per group.

reduce the GI toxicity of NSAIDs as a result of neutral- in vitro evidence to support this possibility. It was pre-
dicted that ionic binding between the DPPC and theization of gastric acidity, it may be contraindicated in

clinical situations in which relief from pain, inflamma- NSAID shields the NSAID from undergoing pH-depen-
dent changes in charge and that, unlike the free NSAID,tion, and fever is needed. Accordingly, we believe that

clinical studies are now warranted to determine whether the complex would remain lipophilic even as the intra-
gastric pH approached neutrality. The experimental evi-similar drug interactions occur in humans.

The mechanism by which omeprazole, ranitidine, and dence of the present study seems to support this possibil-
ity because the block in the NSAIDs’ antipyretic andcimetidine blocks the therapeutic activity of both aspirin

and indomethacin is presently uncertain but most likely anti-inflammatory/analgesic activities observed with the
three potent antisecretory test agents could be overcomerelates to their common ability to neutralize gastric acid-

ity and block the acid-dependent conversion of the if the NSAIDs were administered to rats as a preformed
complex with DPPC. It was also interesting that evenNSAIDs into their membrane-permeable lipidic state.

This explanation is based on evidence indicating that in the absence of the antisecretory agents, both NSAIDs,
when administered as a lipidic complex, seemed to haveorally administered anionic NSAIDs are absorbed across

the upper GI tract primarily in their undissociated lipidic equivalent or greater therapeutic efficacy to that of the
NSAID alone in reducing fever and pain; these findingsstate.9 Thereby, pharmacological neutralization of the

gastric juice to pH ú pKa of the NSAID would limit confirm both our initial results and those of a recent
extensive study on the ability of DPPC to enhance thethe absorption of the drugs across the gastroduodenal

mucosa. This block in the gastric absorption of the drugs therapeutic activity of NSAIDs.3,12

In summary, we have shown in rodent model systemswould result in the movement of the NSAIDs into, and
possibly their absorption from, lower regions of the small that the therapeutic activity of NSAIDs may be compro-

mised if administered together with potent inhibitors ofintestine where they could be exposed to metabolism by
both pancreatic and/or brush border enzymes. gastric acid secretion. Another approach is to administer

the NSAID as a preformed complex with a zwitterionicWe have previously reported that the short-term GI
toxicity of NSAIDs is reduced if the drugs are adminis- phospholipid, such as DPPC, either alone or together

with an inhibitor of gastric acid secretion. These experi-tered as a preformed complex with DPPC; we also ob-
tained preliminary evidence that the antipyretic and anti- mental ulcer studies indicate that this form of combina-

tion therapy would be effective in eliminating the GIinflammatory activity of the complex was superior to that
of the NSAID alone.3 We speculated that this apparent side effects of the drug while maintaining or enhancing

the drugs’ therapeutic activity. Studies are presently un-enhancement in therapeutic activity may be attributable
to an increase in the lipid permeability and solubility of der way to determine if chemical association of NSAIDs

with DPPC may affect the drugs’ GI toxicity and thera-the phospholipid-associated NSAID and provided some
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