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Abstract O The pharmacokinetic interactions of caffeine with theo-
phylline were examined in two beagle dogs by administering 100 mg of
aminophylline intravenously, 3 weeks before and immediately after re-
peated oral doses of caffeine. Serial plasma samples were analyzed for
caffeine and theophylline simultaneously by high-performance liquid
chromatography. Upon multiple oral dosing, 100 mg every 12 hr for 7
days, the caffeine half-life increased slightly in one dog but decreased in
the other. As predicted from single-dose data, caffeine accumulation in
plasma after repeated doses was slight, while plasma levels of the N-
demethylated metabolite, theophylline, rose to about three times the
initial values. After rapid intravenous doses of aminophyiline, the theo-
phylline half-life was 5-7 hr, which decreased slightly when the drug was
administered concomitantly with caffeine during steady state of caffeine.
The theophylline volume of distribution (0.75 liter/kg) was unaffected
by caffeine. On the other hand, an acute aminophylline injection pro-
longed the elimination half-life and increased the apparent volume of
distribution of caffeine, causing little overall change in its plasma clear-
ance. The results suggested that interactions between theophylline and
caffeine may be attributed to changes in drug distribution and drug
elimination characteristics.

Keyphrases O Caffeine—pharmacokinetic interactions with theo-
phylline 0 Theophyiline—pharmacokinetic interaction with caffeine
O Plasma clearance—plasma caffeine levels, plasma theophylline
levels

The bronchodilator theophylline is eliminated from the
human body primarily by metabolism. Approximately 90%
of the dose is metabolized by the liver via oxidative and
demethylation reactions to 3-methylxanthine, 1,3-di-
methyluric acid, and 1-methyluric acid (1). The plasma
half-life of theophylline in humans is ~6 hr after intrave-
nous (2) or oral (3) dosing, and kinetic indexes in asth-
matics and healthy adults are similar (4).

The effect of concurrent administration of other drugs
on theophylline disposition has been examined to some
extent. Piafsky et al. (5) observed in vivo induction of
theophylline metabolism in humans by phenobarbital,
although others (6) reported decreased or unchanged
theophylline clearance after phenobarbital therapy. Al-
lopurinol, a xanthine oxidase inhibitor, blocks the con-
version of 1-methylxanthine to 1-methyluric acid but has
no significant effect on the overall theophylline clearance
(7, 8).

In a recent study, Monks et al. (9) reported a decrease
in the theophylline elimination half-life in subjects on a
methylxanthine-free diet. These authors suggested that,
since theophylline and the dietary methylxanthines share
common metabolic pathways, they may compete with one
another for the same enzymes, thus resulting in suppressed
theophylline metabolism. On the other hand, caffeine was
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shown to increase enzyme synthesis in rat liver (10), which
could enhance drug metabolism.

The present study concerned caffeine pharmacokinetics
in the dog after single and multiple oral doses of caffeine
tablets for 1 week. The effect of steady-state blood levels
of caffeine on theophylline disposition was examined by
administering aminophylline intravenously, 3 weeks before
and immediately after the caffeine multiple-dosing regi-
men. Changes in the pharmacokinetic profile of caffeine
due to an acute aminophylline injection were also ana-
lyzed.

EXPERIMENTAL

A 1-year-old male (Dog A, 11.4 kg) beagle dog and a 2-year-old female
(Dog B, 11.7 kg) beagle dog were used. The dogs were fasted overnight
before and 4 hr after each drug dose in the single-dosing experiments and
the first and last dose in the multiple-dosing experiments. During an
experiment, dogs were initially placed in a restraining sling to facilitate
accurate drug administration and blood sample collection.

Single Intravenous Aminophylline—Each dog received a single
100-mg aminophylline! (85% theophylline) dose by bolus injection into
a front leg vein. Serial 5-ml blood samples were collected in 10-ml
heparinized tubes? during 24 hr after dosing. Plasma was separated by
centrifugation and stored at —20° prior to assay.

Multiple Oral Caffeine—Multiple caffeine regimens were started
3 weeks after the initial aminophylline dose. Each dog received one
100-mg tablet of caffeine® twice daily at 9:00 am and 9:00 pm for 8 days.
Tablets were administered by placing them on the posterior portion of
the tongue so that they were not fractured before being swallowed and
were followed by 5 ml of water. A predose blood sample was taken before
each morning dose, and serial blood samples were collected during the
12 hr after the morning doses on Days 1 and 8.

Concurrent Aminophylline and Caffeine—On the day after the
multiple caffeine experiments (Day 9), each dog received orally a 100-mg
caffeine tablet at 9:00 am, followed immediately by an intravenous in-
jection of 100 mg of aminophylline. Blood samples were collected im-
mediately before and serially during 24 hr after dosing.

Plasma Assay—Plasma concentrations of theophylline and caffeine
were determined in 1-ml samples by the high-performance liquid chro-
matographic (HPLC) assay of Valia et al. (11). Samples were prepared
as described previously, but the chromatographic conditions were
modified slightly. A 10-um uBondapak C;s column? was used in con-
junction with a chromatograph® equipped with a spectrophotometric
detector®. The mobile phase was 10% acetonitrile-0.01 M acetate buffer
(pH 4). The column temperature and the solvent temperature were
ambient. A flow rate of 1.5 ml/min was used, yielding an operating
pressure of 1500 psi. The spectrophotometric detector had a 15.6-ul cell
volume and was operated at 280 nm.

o 1 Aminophylline Injection USP, 25 mg/ml, Gibco/Invenex, Chagrin Falls,
hio.

2 Vacutainer, Becton-Dickinson, Rutherford, N.J.
3 NoDoz, Bristol-Myers, New York, N.Y.

4 Waters Associates, Milford, Mass.

5 Model 244, Waters Associates, Milford, Mass.

6 Model 440, Waters Associates, Milford, Mass.
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Table I—-Pharmacokinetic Parameters of Caffeine after Single and Repeated Oral Doses

Dog A Dog B
Parameter Day1 Day 8 Day 1 Day 8
kg, hr1 1.29 0.71 1.76 0.72
(—0.17-2.75)¢ (0.45-0.97) (0.79-2.74) (0.19-1.25)
£1/2,ama®, hr 0.54 0.97 0.39 0.96
o), hr—1 0.18 0.15 0.13 0.21
(—0.013-0.37) (0.11-0.20) (0.067-0.20) (0.086-0.34)
t1/2°, hr 3.84 4.52 5.16 3.23
FD/V, ug/ml 16.0 19.1 12.3 18.0
(6.09-25.9) (13.8-24.4) 9.34-15.3) (7.80-28.2)
to, hr 0.083 —d 0.027 —
(—0.10-0.27) {0.062-0.12)
rze 0.82 0.96 0.94 0.91
AUC=f, (ug hr)/ml 88.9 — 94.6 —
AUCY128 (ug hr)/ml — 122 — 83.8
Crnaz”, /.tg/mf‘ 116 156 9.97 12.0
tmax’, hr 1.84 2.44 1.61 2.23

 The 95% confidence limits. ® Half-time of absorption = 0.693/k,. ¢ Half-life of elimination by all routes = 0.693/k,). ¢ Not calculated. ¢ Coefficient of determination
= (Z ohs? — T dev?)/Z obs2. / Area under plasma level-time curve = FD/Vk,,. & Obtained by trapezoidal rule.

A Peak height:
_ FD [k \ha/tha—ka)
Day1l= v E;J
. | e

VAT —e 0] [kall = e For)}

i Time of peak height:
Dayl=1In (siJ/(ka —ke) + to
L

— e—kar
Day8 =1In éﬁl((ll—_-i—_h:—fi/(ka—kel)

Table II—Pharmacokinetic Parameters of Theophylline after Single Intravenous Doses of Aminophylline Alone or during Steady

State of Caffeine
Dog A Dog B
Aminophylline + Caffeine Aminophylline + Caffeine
Parameter Aminophylline Corrected® Uncorrected Aminophylline? Corrected Uncorrected®
kel, hr1 0.098 0.11 0.05 — 0.17 —
tys, hr 7.10 6.08 13.7 —_ 4.03 -
D/V, ug/ml 9.96 9.96 17.5 — 8.56 -
‘{i liter/kg 0.75 0.75 0.43 — 0.85 —
r 0.99 0.97 0.96 — 0.99 —
k12, hr-1 —_ — — 3.62 — 8.17
(0.80-6.44) (—23.4-39.7)
kop, hr1 — — — 5.20 — 9.97
(3.05-7.35) (2.17-17.8)
kej, hr1 — s — 0.24 — 0.16
(0.19-0.29) (—0.067-0.38)
o, hr-! - — — 8.92 —_ 18.2
t1/2,6%, hr — — — 0.078 — 0.038
, hr—! — — — 0.14 — 0.086
ti4f, hr — — —_— 494 — 8.10
D/ & , g/ml — —_ — 16.5 — 24.2
(13.5-19.6) (—10.2-58.6)
Vy, liter/k — — — 0.44 —_ 0.30
Ve #, liter/kg - — — 0.74 — 0.55
R — — — 1.00 —_ 1.00
Cly%, ml/min/kg 1.22 1.42 0.36 1.76 2.43 0.78
AbC=i (ug hr)/ml 102 90.5 350 68.8 50.4 151

o Calculated using observed plasma theophylline concentration minus the theophylline formed as metabolite of caffeine. ® Obtained by analyses usinE two-compartment

model. ¢ Not relevant. ¢ Correlation coefficient. ¢ Half-life of rapid phase of decline in plasma levels = 0.693/c.  0.693/8. # V,, = V1(1 + k1o/ks)).

Plasma clearance

= Vkg in one-compartment model and V 1k in two-compartment model. ¢ Area under plasma level-time curve = D/Cl,,.

Complete peak resolution was obtained for caffeine, theophylline, and
the internal standard, S-hydroxyethyltheophylline, with retention times
of 9.6, 5.6, and 6.5 min, respectively. Other xanthines did not interfere.
The limit of detection was 1 ug/ml for both theophylline and caffeine.
Linear regressions of the peak height ratios of drug to internal standard
versus plasma drug levels of 1, 5, 10, 25, and 50 ug/ml were described by
the equations y = 0.066x + 0.013 (n = 20, r = 1.00) for theophylline and
y = 0.036x + 0.016 (n = 20, r = 1.00) for caffeine.

Pharmacokinetic Analysis—Plasma caffeine levels after oral doses
were fitted to the pharmacokinetic one-compartment open model with
first-order absorption and elimination. Plasma caffeine concentrations,
C, at any time, ¢, after a single dose are described by:

“FD(_ ka1 -katt-to) — g—ali-ta)

C 72 keJ [e - e 1 (Eq. 1)

where F is the fraction of the dose, D, absorbed; V is the apparent dis-
tribution volume of caffeine in the body; k, and k¢ are first-order rate
constants for absorption and elimination, respectively; and tq is the lag
time between dosing and the appearance of drug in the circulation. During
steady state following multiple dosing, plasma caffeine concentrations,
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C~, were fitted to (12):
Co=FD[_ka || et _
V \kg — ke \1 —e=kam 1 — g=kar]

where 7 is the dosing interval and equals 12 hr in each case.

Except in two cases, plasma theophylline levels after rapid intravenous
doses of aminophylline appeared to obey one-compartment open model
kinetics and were analyzed by linear regression (13). Attempts to fit these
data to the two-compartment model resulted in greater errors in pa-
rameter values with no improvement in the coefficients of determination.
In the two situations where the two-compartment model was adequate,
plasma theophylline concentrations, Cy, were described by (12):

D
Ci=——[(@=ka)e = + (kg — Ble~ Pt
Y Via=p [( 21) (k21 — Be At
where V; is the volume of the central compartment and « and 3 are
composite rate constants depending on k. and the first-order rate con-
stants, k12 and kg;, governing the transfer of drug between compart-
ments:

e—Fat

(Eq. 2)

(Eq.3)
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Figure 1—Plasma levels of caffeine (0) and theophylline (- -) in Dog
A after the morning dose on Days 1 and 8 during a 100-mg caffeine twice
daily regimen. The curves for caffeine are computer derived.

g = Yf(k1z + koy + ko) £ [(R12 + kay + ke))? — 4kaika] VY (Eq. 4)

Individual data sets were fitted to the appropriate equations by iter-
ative least-squares methods using the program NONLIN7 (14).

Pharmacokinetic parameters obtained from single-dose (Day 1) caf-
feine data were used to predict drug accumulation characteristics upon
multiple dosing. Predicted parameter values were compared with those
observed in the Day 8 experiment.

RESULTS

Plasma concentration-time data after single and multiple oral doses
of caffeine to Dogs A and B are presented in Figs. 1 and 2, respectively.
Results of pharmacokinetic analyses are given in Table L. Following single
100-mg tablet doses, caffeine appeared in plasma almost immediately,
reaching peak levels of 11.6 and 9.97 ug/ml in 1-2 hr. Elimination half-
lives were 3.84 hr in Dog A and 5.16 hr in Dog B. Accordingly, steady-state
concentrations should be achieved in 1 day, and this projection was
confirmed by the caffeine levels observed in the daily predose plasma
samples.

Upon multiple dosing, caffeine absorption was slower in both dogs, as
reflected by the prolonged absorption half-times and delayed peak times.
The half-life was increased slightly after repeated dosing in Dog A but
was decreased in Dog B. The value of FD/V was higher on Day 8 in each
case. The area under the curve increased significantly in Dog A, but the
change in Dog B was slight. The accumulation factor, R, calculated by
the ratio of Cppex on Day 8 to that on Day 1, was 1.34 for Dog A and 1.20
for Dog B; R values predicted from Day 1 data alone, using R = 1/{(1 -
e ker)(1 — e~*a7)], were 1.13 and 1.25 for Dogs A and B, respectively.

In humans, caffeine is metabolized in part by N-demethylation to
theophylline (15). This route was shown to exist in dogs also in the present

12 0 s 12
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Figure 2—Plasma levels of caffeine (0) and theophylline (- -) in Dog
B after the morning dose on Days 1 and 8 during a 100-mg caffeine twice
daily regimen.

PLASMA CONCENTRATION, ug/mi

DAY t

7 An IBM 370/168 digital computer at the Rutgers Computer Center for Infor-
mational Services was used.
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Figure 3—Plasma theophylline levels in Dog A after 100 mg of ami-
nophylline was intravenously administered alone (@) or during steady
state of caffeine, with data corrected (O) and uncorrected (®) for
theophylline derived from caffeine, respectively.

study. After a single 100-mg oral dose of caffeine, detectable plasma
theophylline levels appeared in 45 min, reaching a plateau of ~2 ug/ml
at 4 hr. The sustained nature of plasma theophylline in this case pre-
cluded the accurate calculation of its elimination rate. The accumulation
factors obtained by the ratio of observed values of Cpnax 0n Day 8 and Day
1 were 3.67 and 2.66 for Dogs A and B, respectively.
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Figure 4—Plasma theophylline levels in Dog B after 100 mg of ami-
nophylline was intravenously administered alone (®) or during steady
state of caffeine, with data corrected (O) and uncorrected (0) for
theophylline derived from caffeine, respectively.

Journal of Pharmaceutical Sciences / 387
Vol. 70, No. 4, April 1981



Table III--Pharmacokinetic Parameters of Caffeine after an
Oral Dose during Steady State with Concomitant Aminophylline
Injection

Parameter Dog A Dog B

kg, hr? 1.67 (1.30-2.05) 8.82 (6.97-10.7)
t1/2,abs; T 0.41 0.079

o, hr1 0.12 (0.10-0.13) 0.14 (0.13-0.16)
t1/2, hr 5.95 4.89
FD/V, ug/ml 13.7 (11.9-15.6) 11.1(10.3-11.9)
r? 0.98 0.99
AUC%12 {ug hr)/ml 116 77.5
Cmax, ug/ml 15.0 12.8
t max, hT 1.52 0.45

Figures 3 and 4 describe plasma theophylline concentrations following
bolus intravenous injections of 100 mg of aminophylline to Dogs A and
B, respectively. While theophylline kinetics were being examined after
simultaneous administration with the final dose of caffeine in the multiple
caffeine dosing experiment, it was realized that caffeine metabolism re-
sulted in sufficiently high theophylline levels to interfere with interpre-
tation of data from the intravenous dose. Therefore, corrected plasma
theophylline levels from the aminophylline injection (Day 9) were esti-
mated by deducting from observed values the theophylline concentra-
tions at the same sampling time on the previous day (Day 8). This pro-
cedure was justified by the observed theophylline concentrations in the
daily predose plasma samples, which showed that this metabolite also
had reached steady state. Both corrected and uncorrected theophyliine
data were analyzed, and the results of the pharmacokinetic analyses are
shown in Table IL

Except for a short initial period (15 min) of rapid decline in plasma
levels in two cases, theophylline pharmacokinetics were described ade-
quately by the one-compartment open model. Despite its higher initial
concentration in Dog B (16.5 ug/ml, compared to 9.96 ug/ml in Dog A),
theophylline appeared to distribute into virtually identical overall spaces
in Dogs A (V = 0.75 liter/kg) and B (V,, = 0.74 liter/kg). Elimination
half-lives of 7 and 5 hr were observed in Dogs A and B, respectively.

Pharmacokinetic analysis of corrected theophylline data showed that
a concomitant dose of aminophylline with caffeine at steady state of
caffeine resulted in little or no change in the apparent distribution volume
of theophylline in the two dogs. However, the half-life was shortened by
~1 hr in each dog. The increase in the elimination rate was reflected also
in changes in the plasma clearance and area under the curve values. As
expected, analysis of the uncorrected data led to much higher initial
plasma theophylline concentrations (17.5 ug/ml in Dog A and 24.2 ug/mi
in Dog B) and longer half-lives (13.7 and 8.10 hr in Dogs A and B, re-
spectively).

Pharmacokinetic parameters of caffeine after concomitant caffeine
and aminophyline doses on Day 9 are given in Table 1I1. Comparison with
the Day 8 data in Table I indicated that the injection of aminophylline
resulted in faster absorption of caffeine from the oral dose (larger k, and
smaller tmay in both dogs), although Cpax values were almost unchanged.
These results also are shown in Figs. 5 and 6 for Dogs A and B, respec-
tively. Aminophylline increased the elimination half-life of caffeine but
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Figure 5—Steady-state plasma caffeine levels in Dog A after oral ad-
ministration of 100 mg of caffeine, with (©) and without (®) a con-
comitant dose of intravenous aminophylline.
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Figure 6—Steady-state plasma caffeine levels in Dog B after oral ad-
ministration of 100 mg of caffeine, with (0) and without (®) a con-
comitant dose of intravenous aminophylline.

decreased the FD/V values so that the area under the plasma caffeine
level-time curve during a dose interval was virtually unaffected.

DISCUSSION

The caffeine half-life determined after single oral doses to dogs was
4-5 hr, similar to that observed in humans (15). However, longer half-life
values (6.4-9.1 hr) were reported in a more recent study in three healthy
nonsmokers (16). Intersubject variation in caffeine kinetics was apparent
in the present study. This variation and the limited number of dogs used
made it difficult to evaluate the effect of repeated dosing on caffeine
pharmacokinetic properties. With the dosage regimen employed, which
was equivalent to about 1 cup of coffee every 12 hr, there was limited
accumulation of caffeine in the circulation. On the other hand, plasma
levels of the N-demethylated metabolite, theophylline, rose to nearly 9
and 6 pg/ml in Dogs A and B, respectively, about three times the con-
centrations after the initial dose. These figures were higher than those
reported in humans given comparable doses of caffeine (15). Therefore,
subjects must refrain from caffeine-containing beverages before partic-
ipating in theophylline disposition studies, despite recent advancements
in analytical technology that permit simultaneous determination of
caffeine and theophylline in biological fluids.

The decline in plasma theophylline levels after intravenous dosing
appeared to be biphasic, although the distribution phase was so rapid
that a one-compartment model was adequate for data analysis in four
of the six cases tested. This characteristic behavior was reported by others
(6, 17). The theophylline half-life in dogs after single doses was similar
to that in humans. When given concomitantly with caffeine during steady
state of caffeine, theophylline showed slight increases in its elimination
rate, probably due to metabolic enzyme activity stimulated by the re-
peated caffeine doses. The distribution volume (0.75 liter/kg) of theo-
phylline was unaltered by caffeine.

No explanation was apparent for the more rapid absorption of caffeine
when given simultaneously with intravenous aminophylline. Starr et al.
(18) reported that aminophylline increased cardiac output in humans
by 26% and also may enhance blood flow through the GI tract. Further
studies are being conducted to elucidate this phenomenon. Aminophyl-
line prolonged the elimination half-life of caffeine, presumably by com-
peting with caffeine for the same enzymes. Aminophylline also increased
the apparent distribution volume of caffeine (assuming constant F),
probably by displacing caffeine from plasma protein binding sites. Thus,
theophylline appeared to have a stronger affinity than caffeine for drug
metabolizing enzymes as well as for plasma proteins. In humans, theo-
phylline is 60-70% plasma protein bound (19, 20), compared to ~15% in
the case of caffeine (21). Because of changes in V and k. in opposite di-



rections, the overall plasma clearance of caffeine was virtually unaffected
by acute aminophylline administration.

The need for establishing dosage guidelines for safe intravenous ad-
ministration of theophylline has been stressed (22). Theophylline has
a narrow therapeutic index of 10-20 ug/ml, and the risk of toxicity, in-
cluding seizures and death, increases as serum concentrations exceed this
range. In asthmatic patients receiving chronic theophylline therapy,
routine monitoring of serum drug levels is recommended. Interactions
of theophylline with other exogenous compounds may influence the
therapeutic outcome of this drug. For example, methylxanthines such
as caffeine and theobromine, present in various common beverages and
foods, were shown to inhibit theophylline metabolism in humans (9). In
the present study, the theophylline half-life in beagle dogs actually de-
creased after multiple doses of caffeine, probably due to enzyme induction
by the latter. Nevertheless, plasma theophylline levels were elevated and
sustained as a result of metabolic conversion of administered caffeine
to theophylline.

These observations may suggest the need to reduce theophylline
‘maintenance doses in asthmatics who are chronic coffee drinkers. Caution
is also warranted in treatment with theophylline in breast-fed infants,
who may be exposed to methylxanthines in the milk (23, 24). Recently
it has become evident that theophylline is biotransformed to caffeine by
N-methylation in the premature newborn infant (25-28), which further
complicates theophylline-caffeine interactions. This metabolic pathway
was not observed in adult humans (25) and dogs in the present study.

REFERENCES

(1) J. W. Jenne, H. T. Nagasawa, and R. D. Thompson, Clin. Phar-
macol. Ther., 19, 375 (1976).

(2) P. W. Trembath and S. W. Boobis, ibid., 26, 654 (1979).

(3) P. G. Welling, L. L. Lyons, W. A. Craig, and G. A. Trochta, ibid.,
17, 475 (1975).

(4) P.G. Welling, J. Domoradzki, J. A. Sims, and C. E. Reed, J. Clin.
Pharmacol., 16, 43 (1976).

(5) K. M. Piafsky, D. S. Sitar, and R. 1. Ogilvie, Clin. Pharmacol.
Ther., 22, 336 (1977).

(6) R. 1. Ogilvie, Clin. Pharmacokinet., 3, 267 (1978).

(7) J.d. Grygiel, L. M. H. Wing, J. Farkas, and D. J. Birkett, Clin.
Pharmacol. Ther., 26, 660 (1979).

(8) S. Vozeh, J. R. Powell, G. C. Cupit, S. Riegelman, and L. B.
Shetner, ibid., 27, 194 (1980).
(9) T.J. Monks, J. Caldwell, and R. L. Smith, ibid., 26, 513 (1979).

(10) C.Mitoma, T. J. Sorich, I1, and S. E. Neubauer, Life Sci., 7, 145
(1968).

(11) K. H. Valia, C. A. Hartman, N. Kucharczyk, and R. D. Sofia, .
Chromatogr., 221, 170 (1980).

(12) M. Gibaldi and D. Perrier, “Pharmacokinetics,” Dekker, New
York, N.Y., 1975, pp. 52, 110.

(13) F. L. S. Tse and P. G. Welling, J. Pharm. Sci., 66, 1751 (1977).

(14) C. M. Metzler, G. L. Elfring, and A. J. McEwen, Biometrics, 30,
562 (1974).

(15) S.Sved, R. D. Hossie, and I. J. McGilveray, Res. Commun. Chem.
Pathol. Pharmacol., 13, 185 (1976).

(16) J. Descotes, J. L. Brazier, M. Ollagnier, and J.-Cl. Evreux,
Thérapie, 34, 619 (1979).

(17) J.P. Rosen, M. Danish, M. C. Ragni, C. L. Saccar, S. J. Yaffe, and
H. 1. Lecks, Pediatrics, 64, 248 (1979).

(18) I. Starr, C. J. Gamble, A. Margolies, J. S. Donal, Jr., N. Joseph,
and E. Eagle, J. Clin. Invest., 16, 799 (1937).

(19) R. Koysooko, E. F. Ellis, and G. Levy, Clin. Pharmacol. Ther.,
15, 454 (1974).

(20) K.F.Simons, F. E. R. Simons, C. J. Briggs, and L. Lo, J. Pharm.
Sei., 68, 252 (1979).

(21) J. Axelrod and J. Reichenthal, J. Pharmacol. Exp. Ther., 107,
519 (1953).

(22) “FDA Drug Bulletin,” vol. 10, no. 1, Food and Drug Adminis-
tration, Rockville, Md., Feb. 1980, pp. 4-6.

(23) B. H. Resman, H. P. Blumenthal, and W. J. Jusko, J. Pediatr.,
91,477 (1977).

(24) J.T. Wilson, R. D. Brown, D. R. Cherek, J. W. Dailey, B. Hilman,
P. C. Jobe, B. R. Manno, J. E. Manno, H. M. Redetzki, and J. J. Stewart,
Clin. Pharmacokinet., 5, 1 (1980).

(25) C.Bory, P. Baltassat, M. Porthault, M. Bethenod, A. Frederich,
and J. V. Aranda, J. Pediatr., 94, 988 (1979).

(26) H.S.Bada, N. N. Khanna, S. M. Somani, and A. A. Tin, ibid., 94,
993 (1979).

(27) M. J. Boutroy, P. Vert, R. J. Royer, P. Monin, and M. J. Royer-
Morrot, ibid., 94, 996 (1979).

(28) F. E. R. Simons, F. R. Friesen, and K. J. Simons, Am. J. Dis.
Child., 134, 39 (1980).

Nonsteroidal Estrogens and Antiestrogens:
Biological Activity of Cyclopropyl Analogs of

Stilbene and Stilbenediol

J. THOMAS PENTO *x, ROBERT A. MAGARIAN *, ROBERT J. WRIGHT *,
M. MARGARET KING #, and ERIC J. BENJAMIN *

Received September 25, 1979, from the *College of Pharmacy, University of Oklahoma, Health Sciences Center, Oklahoma City, OK 73190, and

the 3Oklahoma Medical Research Foundation, Oklahoma City, OK 73104.

Accepted for publication November 30, 1979.

Abstract O The estrogenic, antiestrogenic, and receptor binding activity
of a series of cyclopropyl analogs of stilbene and stilbenediol were de-
termined using the uterotropic assay in the mouse and the receptor
binding assay with rat uterine cytosol. One compound, 1,1-dichloro-cis-
2,3-diphenylcyclopropane (II), displayed antiestrogenic activity in vivo
with a low affinity for the estrogen receptor in vitro and showed tumor
remission activity on 7,12-dimethylbenz(a)anthracene-induced estro-
gen-dependent rat mammary tumors. Compounds VIII, IV, and V (in
that order) exhibited the greatest estrogenic activity in the mouse and

the greatest receptor binding activity in vitro. Compound VIII exhibited
antifertility activity in the mouse.
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Various rigid ring systems have been used to lock func-
tional groups into desired conformations to study receptor
interactions (1, 2). The cyclopropane ring is a relatively
new structure to be employed synthetically to produce a
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fixed stereochemical configuration with minimal steric’
interference in potential medicinal agents (3-5). Magarian
and Benjamin (6) reported the preparation of a series of
stilbene and stilbenediol derivatives (Table I) containing
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