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Effect of nonsteroidal anti-inflammatory drugs on sublethal retinoic acid toxicity 
in Swiss mice 

(Received 8 September 1980; accepted 19 December 1980) 

Administration of excessive amounts of retinol (vitamin A) 
and of certain derivatives and synthetic analogs (retinoids) 
produces a characteristic set of symptoms, including head- 
ache, vomiting, pruritus, skeletal pain, and bone resorption 
in experimental animals [l, 21 and man [3-61. In animals, 
administration of retinyl esters [2] or retinoic acid (vitamin 
A acid) [7] at sufficiently high doses can result in lethality. 
The symptoms of retinoid toxicity are similar to reported 
physiologic effects of prostaglandins [8-111 so it seemed 
reasonable to us that retinoid toxicity may be mediated in 
some way by prostaglandins. If this were the case, co- 
administration of an inhibitor of prostaglandin synthesis 
might interfere with the toxicity resulting from retinoid 
administration. We have demonstrated that concurrent 
administration of aspirin, an inhibitor of prostaglandin 
synthesis [8,12], protects mice against the toxicity resulting 
from administration of retinoic acid at the LDso [13] or LD~O 
[14]. This study was designed to compare the abilities of 
nonsteroidal anti-inflammatory (NSAI) drugs of known 
potency as inhibitors of prostaglandin synthetase to protect 
mice against retinoic acid toxicity. 

Retinoids have been recommended for use in man as 
cancer chemopreventive agents, that is, to arrest or reverse 
the development of cancer [15]. As such, retinoids would 
be used for long periods in individuals who are generally 

healthy but who have a greater than average risk of devel- 
oping cancer [15,16]. Because clinical use of retinoids is 
anticipated, studies that examine interference with the 
effects of lethal doses of retinoid are less practical than 
those concerned with sublethal doses of these drugs. We 
have shown that retinoid-induced bone fractures in mice 
are dose-related and that they reliably indicate the com- 
parative toxicity of retinoids at lethal and sublethal doses 
[7]. Consequently, we have chosen the occurrence of bone 
fractures as a useful end point for sublethal retinoid toxicity. 

NSAI drugs that are more potent inhibitors than aspirin 
of prostaglandin synthesis in vitro [17] are currently avail- 
able. In addition to these, ascorbic acid decreases the 
weight loss and lethality resulting from excess vitamin A 
[18] and exhibits weak anti-inflammatory properties [19]. 
Moreover, ascorbic acid inhibits prostaglandin synthestase 
in vitro [20, 211. We report here the effect of concurrent 
administration of NSAI drugs or ascorbic acid on bone 
fractures occurring in mice treated with a sublethal dose 
of retinoic acid. 

Methods 

Materials. All-tram-retinoic acid (RA) was suspended 
in an aqueous solution of 8% Cremophor EL (Sigma Chem- 
ical Co., St. Louis, MO) and 10% propylene glycol; these 
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Table 1. Effects of retinoic acid alone and in combination with NSAI drugs in Swiss mice 

NSAI drug 

NSAI drug 
dose 

@moles/kg) 
Orally Group* 

Number of 
fractures 

per survivor 

0 1 2+ 

Aspirin 833 

Ibuprofen 436 

Calcium ascorbate 128 

Indomethacin 1.1 

m-Hydroxybenzoic acid 833 

RA alone 
Combination 
RA alone 
Combination 
RA alone 
Combination 
RA alone 
Combination 
RA alone 
Combination 

7139 14139 18/39 
18l37t 14137 5137 
16/39 10139 13139 
26139t 8139 1139 
11/39 16139 12139 
24/38t 9138 5138 
21139 14139 4139 
36/40$ 4140 o/40 

9120 5120 6/20 
10/20 6120 4120 

* Groups of twenty Swiss mice were treated as described in the text with RA (14 mg/kg) alone or 
in combination with the NSAI drug at the dose indicated. 

t The number of animals with no fractures was significantly higher in the group receiving the 
combination compared to the concurrent group receiving RA only (P < 0.01). 

$ The number of animals with no fractures was significantly higher in the group receiving the 
combination compared to the concurrent group receiving RA only (P < 0.001). 

suspensions were protected from light. The stability of RA 
in these suspensions has been reported [7]. NSAI drugs 
were suspended in a mixture of physiologic saline and 0.3% 
hydroxypropylcellulose. Suspensions were prepared in con- 
centrations appropriate to deliver the desired dose in a 
volume equivalent to 1.0% of body weight. Aspirin and 
indomethacin were obtained from the Sigma Chemical Co. 
and m-hydroxybenxoic acid (HBA) from the Aldrich 
Chemical Co., Atlanta, GA. Ascorbic acid dissolved in 
water produces solutions of pH 2-3. To avoid administra- 
tion of acid solutions, calcium ascorbate (Sigma Chemical 
Co.), which produces solutions of approximately neutral 
pH [22], was used. 

Animal treatment. Adult male and female Swiss mice 
(Charles River Laboratories, Wilmington, MA) weighing 
approximately 25 g (range 20-30 g) were used in all experi- 
ments. Dose groups of twenty mice (ten/sex) were treated 
daily with RA alone or in combination with an NSAI drug 
for 21 days. RA was administered i.p. at 14 mg/kg, which 
approximates the LDIO for this treatment schedule [7]. NSAI 
drugs were administered p.o. Indomethacin and ibuprofen 

were administered as two divided doses per day at approx- 
imately 9:00 a.m. and 4:00 p.m, for total doses of 0.4 and 
90 mg/kg/day respectively. Calcium ascorbate, aspirin, and 
HBA were administered, respectively, as single daily doses 
of 50, 105 and 115 mg/kg/day. 

Mice were weighed daily and X-rayed on the day after 
the last treatment. X-ray films were evaluated to determine 
the number of fractured bones in each mouse. Two experi- 
ments were performed with each NSAI drug. The frequency 
of fractures among survivors on the day after the last 
treatment was arranged as a contingency table for each 
experiment. Chi-square analysis [23] indicated that the data 
from each pair of experiments (using a particular NSAI 
drug) were sufficiently homogeneous to justify pooling 
them. The pooled data were then tested for statistical 
significance [ 231. 

Results and Discussion 

The effects of concurrent administration of NSAI drugs 
on the number of fractures produced by RA are presented 

Table 2. Relative potencies of NSAI drugs 

NSAI drug 

Inhibition of 
prostaglandin 

synthetase 
rcso (PM) 

Carrageenan- 
induced 

paw edema 
EDSO 

(wales/kg) 

NSAI dose 
&moles/kg) 

(% Inhibition)* 

Indomethacin 
Calcium ascorbate 
Ibuprofen 
Aspirin 

0.65t 14t 1.1 (78) 
128$ 128 (49) 

lit 150t 436 (69) 
25OOt 538t 833 (38) 

* Per cent inhibition in parentheses was the per cent inhibition of fractures induced by 
sublethal RA intoxication in our studies. Per cent inhibition was determined by the formula: 

1 _ % mice with fractures (RA + NSAI) 

% mice with fractures (RA only) 
x 1oo 

and is included to provide an assessment of the effectiveness of the dose used. 
t Data taken from Procaccini et al. [17]. 
f The ICY for calcium ascorbate was not reported from in vitro inhibitory studies (20,211; 

the dose used in the carrageenan-induced paw edema test resulted in 12 per cent inhibition 
(n&z) [19]. 
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in Table 1. Treated mice receiving either RA alone or RA 
plus an NSAI drug were assigned to one of three columns 
based on the number of fractures observed (none, one, or 
more than one). For each NSAI drug the number of mice 
with no fractures was significantly higher in the group that 
received the combination than in the group that received 
RA alone. HBA, however, did not appear to affect the 
number of fractures produced by RA, although only a 
single experiment was performed. 

The results clearly indicate that NSAI drugs are capable 
of protecting mice from the development of fractures 
associated with sublethal retinoid intoxication. HBA is 
structurally similar to aspirin, but it is only approximately 
8 per cent as potent as aspirin in inhibition of prostaglandin 
synthetase [12]. HBA was tested at the same molar dose 
as that of aspirin. No protective effect of HBA could be 
demonstrated in the single experiment performed. The lack 
of a protective effect of HBA suggests that inhibition of 
the enzyme is required for protection rather than, for 
example, nonspecific binding to plasma or cellularproteins. 

In Table 2, the NSAI drugs used in these studies are 
arranged in order of their reported abilities to inhibit pros- 
taglandin synthetase in vitro, and the relative potencies of 
the drugs in the carrageenan-induced rat hind paw edema 
test, a standard screening method for anti-inflammatory 
activity, are also compared. That the drugs show the same 
order of potency in the two systems has been cited by some 
investigators as evidence that inhibition of prostaglandin 
synthetase is the mechanism of the anti-inflammatory 
activity of the NSAI drugs [12,24, 251. It is apparent from 
Table 2 that the order of potency of NSAI drugs for 
protecting mice from sublethal RA toxicity is the same as 
that for inhibition of prostaglandin synthetase. These 
results provide further support for our suggestion that 
prostaglandin biosynthesis is involved in the expression of 
retinoid toxicity (131. More substantial support for this 
suggestion would require quantitative demonstration that 
prostaglandins are produced in response to RA. 

Studies with cells in culture have demonstrated that RA 
stimulates release of prostaglandins by cells of Lewis lung 
carcinoma [26], an experimental tumor of mice, and by 
MDCK cells, an epithelial-like dog kidney cell line [27]. 
Needleman [28] has presented five criteria that should be 
met to establish that endogenous prostaglandins mediate 
a physiologic or pathologic event. The first of these requires 
that the concentration of prostaglandins produced should 
be proportional to the dose of the stimulus. We have 
demonstrated that RA induces dose-related release of 
prostaglandins by cells of Lewis lung carcinoma [26]. 
Another of Needleman’s criteria requires that abolition of 
prostaglandin synthesis should abolish the physiologic 
action of the stimulus. The results reported here clearly 
indicate that compounds that inhibit prostaglandin synthe- 
tase significantly reduce the production of bone fractures 
by RA. Further support of our hypothesis would require 
demonstration that (a) RA administration increases pros- 
taglandin biosynthesis in vivo, and (b) concurrent NSAI 
drug administration, at a dose that reduces the incidence 
of fractured extremities in RA-treated mice, also reduces 
prostaglandin biosynthesis in these mice. These additional 
studies would contribute to a better understanding of the 
mechanism of retinoid toxicity. An appreciation of this 
mechanism could influence the future clinical use of reti- 
noids as chemopreventive agents by providing a means of 
controlling retinoid toxicity. 

In summary, mice treated with retinoic acid at a dose 
that induced bone fractures in concurrent control groups 
were protected from this effect by co-administration of 
inhibitors of prostaglandin synthesis. The abilities of the 
NSAI drugs to protect mice correlated with their reported 
abilities to inhibit prostaglandin synthesis in vitro. These 
results strengthen our suggestion that prostaglandin activity 
is involved in expression of retinoic acid toxicity. 
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