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SUMMARY Retrospective examination of acute gastrointestinal (GI) lethality in our rat
bone marrow transplantation studies showed indication of a protective effect, with a dose
modifying factor (DMF) of 1.06 (95% confidence interval: 0.99–1.12). A randomized study,
using the same experimental design, was conducted specifically to look for GI protection.
Animals were randomized into captopril or non-drug arms and irradiated in a 6-fraction
total body irradiation regimen, followed by bone marrow transplantation. Rats received
captopril in the drinking water at 500 mg/l (70 mg/kg/day), starting 9 days prior to irra-
diation and continuing throughout the experiment. The 50% lethal dose at 6 days was 20.8
(20.4–21.7) Gy in the non-drug arm and 20.6 (20.3–20.9) Gy in the captopril arm, for a
DMF of 0.99 (0.94–1.04). If the randomized and historical studies are combined the DMF
is 1.00 (0.93–1.05). We are unable to find any evidence that the angiotensin converting
enzyme (ACE) inhibitor captopril provides protection from acute GI injury in this model.
Clearly, it should not be assumed that captopril will modulate radiation reactions in all
tissues. Radiat. Oncol. Invest. 5:50–53, 1997. © 1997 Wiley-Liss, Inc.
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INTRODUCTION

In 1994, Yoon et al. [1] reported that the angioten-
sin converting enzyme (ACE) inhibitor captopril
protected the jejunal mucosa of mice from acute
radiation injury. ACE inhibitors have been reported
to ameliorate radiation injury to kidney [2–4], lung
[5–7], skin [8], and heart [9], but to have no pro-
tective effect for bone marrow [10]. This was an
exciting finding, as it was the first report indicating
that ACE inhibitors could modify acute radiation
injuries, and implied that ACE inhibitors had a
more general effect on radiation injury than had
previously been suspected.

In previous studies [2,3,10,11] we have shown
that captopril is a highly effective modulator of the
late renal injury produced in the rats by the total

body irradiation (TBI) used as conditioning for
bone marrow transplantation (BMT). As part of the
radiation dose-response portions of those renal tol-
erance studies [11], doses high enough to cause
acute gastrointestinal (GI) injuries were used in the
captopril arm. Similar high radiation doses had
been used in animals treated with TBI alone in
previous studies. A comparison of acute GI lethal-
ity in these two groups suggested that we were
seeing a modification of GI injury similar to that
reported by Yoon et al. [1]. However, these were
non-randomized studies in which the two arms
were irradiated at different times, and the studies
were not designed to assess GI toxicity. Because of
these promising data and the report of Yoon et al.
[1], we conducted a randomized study that was spe-
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cifically designed to determine whether captopril
could modify acute GI toxicity in this rat syngeneic
BMT model.

MATERIALS AND METHODS
These studies were performed with 7–8-week-old
male WAG/Rij/MCW rats that were bred and
housed in a moderate security barrier. Such animals
are free ofMycoplasma pulmonis, Pseudomonas,
and common rat viruses. No antibiotics or immu-
nosuppressive agents were used in the animal fa-
cility. Animals were maintained in the Animal Care
Facilities of the Medical College of Wisconsin,
which are fully accredited by the American Asso-
ciation for Accreditation of Laboratory Animal
Care.

Prior to BMT, rats were given TBI with 18.5–
21.5 Gy in 6 fractions over 3 days (4 hr between the
two daily fractions) at a dose rate of 0.48 Gy/min,
using an orthovoltage X-ray machine [12]. For ir-
radiation, unanesthetized rats were immobilized in
a specially constructed plastic jig. Immediately af-
ter irradiation the animals received a syngeneic
BMT [13].

Rats received captopril at 500 mg/l, or no
drug, in their drinking water starting 9 days before
TBI. Based on water consumption (26–31 ml/day)
and body weight (185–220 g), the captopril dose
was 71 (64–78) mg/kg/day, within the range (62
and 125 mg/kg/day) used by Yoon et al. [1], and far
above the dose required to modify renal radiation
injury [11,14].

Historical data consisted of 38 animals given
captopril and treated with TBI at 18.5–21.5 Gy, and
19 control animals treated at 18.5–20 Gy. The pro-
spective, randomized study consisted of 55 animals
given captopril and treated with TBI at 19.2–21.5
Gy, and 52 control animals treated at 19.2–21.5 Gy.

All animals were followed for a minimum of
30 days after irradiation. A number of animals died
3–6 days after irradiation, or were sacrificed when
morbid during this same interval; these deaths were
presumed to be due to acute GI injury [12,15,16].
No deaths or sacrifices occurred between 7 and 30
days after irradiation; this was as expected, since
the animals had all received BMTs. Fifty percent
lethal doses at 6 days (LD50/6) and dose modifica-
tion factors (DMF) were calculated and compared
by probit analysis and are given with 95% confi-
dence intervals.

RESULTS
Analysis of the historical, non-randomized data
showed that animals not treated with captopril had
an LD50/6 of 19.4 (18.7–20.3) Gy, while animals

treated with captopril had an LD50/6 of 20.5 (20.0–
20.9) Gy (Fig. 1). This gives a DMF of 1.06 (0.99–
1.12). While this DMF was not statistically signifi-
cant, it supported the observation of Yoon et al. [1].

In the prospective, randomized study the ani-
mals not treated with captopril had an LD50/6 of
20.8 (20.4–21.7) Gy, while animals treated with
captopril had an LD50/6 of 20.6 (20.3–20.9) Gy
(Fig. 2). This gives a DMF of 0.99 (0.94–1.04). The
LD50/6 for the captopril-treated animals was essen-
tially the same as in the historical data, but the
LD50/6 for the untreated animals was higher (0.10 >
P > 0.05).

If the two studies are combined, the animals
not treated with captopril had an LD50/6 of 20.8
(20.0–22.1) Gy, while animals treated with capto-
pril had an LD50/6 of 20.5 (20.1–20.9) Gy (Fig. 2).
This gives a DMF of 1.00 (0.93–1.05).

DISCUSSION

Captopril, and to a lesser extent other ACE inhibi-
tors, have been shown to be effective in the modi-
fication of a wide range of late radiation-induced
tissue injuries [14]. However, data on the efficacy
of these agents for modification of acute radiation-
induced tissue injury have been limited to a single
positive report regarding radiation-induced GI in-
jury [1] and a single negative report regarding ra-
diation-induced bone marrow injury [10]. A more
detailed knowledge of the range of tissues in which
modification of radiation injury by captopril (or
ACE inhibitors in general) is possible would be of
considerable importance for determining both the

Fig. 1. Radiation dose-response for the development of
GI morbidity in rats given captopril (s) or no drug (d),
based on historical, non-randomized data. From 5 to 9 ani-
mals were treated in each group, except in the 21.5 Gy dose
in the captopril arm, which is based on 16 animals. Hori-
zontal bars show the 95% confidence intervals for the
LD50/6.
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clinical utility of these agents and the mechanism
of their action. The broader the range of tissues in
which modification of radiation-induced injury is
effective, the more likely it is that a clinical trial of
a modifier would be practical [14]. A broad range
of efficacy would also indicate that the mechanism
of action involved a fundamental step in the devel-
opment of radiation injury, whereas a narrow range
of efficacy would provide clues as to the mecha-
nisms whereby captopril is effective in modifying
tissue injury [14].

In the rat syngeneic BMT model, we found no
evidence that captopril can modify acute radiation-
induced GI morbidity. In fact, as the upper 95%
confidence interval on the DMF for modification of
GI injury is less than 1.05, the data presented here
would appear to rule out biologically significant
modification. These studies were designed to ex-
tend, rather than replicate, the observation of Yoon
et al. [1], and as such, there are a number of dif-
ferences between the two studies (Table 1). Yoon et
al. [1] used two doses of radiation and two doses of
drug, whereas we used a single dose of drug and a
range of radiation doses. While both experimental
approaches are valid, they make a direct compari-
son of the results impossible. Another major dif-
ference is that Yoon et al. [1] used histopatholog-
ical endpoints, whereas we used morbidity. This
raises the possibility that captopril treatment might
produce the small reduction in jejunal crypt cell
killing seen by Yoon et al. [1] without significantly
decreasing morbidity. Such an interpretation is
compatible with the dose-response curve for jejunal
cell killing [15,16]. It is also worth noting that
Yoon et al. [1] reported better protection at 9 Gy

than at 15 Gy, whereas we find the absence of
protection in a fractionated radiation course at
doses roughly equivalent to an 11–14 Gy single
dose (Table 1). Thus a second possible explanation
for the difference in outcome is that the captopril
protective effect found by Yoon et al. [1] is con-
fined to relatively low radiation doses. Of the re-
maining differences between the studies (Table 1),
none would appear to be able to explain the differ-
ences in outcome.

CONCLUSIONS

Using acute lethality in a rat BMT model, we have
been unable to confirm the report by Yoon et al. [1]
that captopril is effective in the modification of GI
radiation injury. The most likely explanation of the
difference is that the reduction in jejunal damage
seen by Yoon et al. [1] in captopril-treated mice is
insufficient to cause a significant reduction in ra-
diation-induced morbidity. Clearly, it should not be
assumed that captopril will modulate radiation re-
actions in all tissues or even all reactions in a single
tissue [14].
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