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ABSTRACT. Oral and intraperitoneal administration of 2-(4sacetoxyphenyl)-2-chloro-N_methyl- 

ethylammonium chloride (Compound A), an analogue of phenyl aziridine precursors that occur in the shrub 

Salsola tubercukztifortnis Botsch., had a contraceptive effect on female Wistar rats with a concomitant decrease in 

total body, uterus, and ovary mass and an increase in adrenal mass. Compound A elicited a Type II difference 

spectrum and inhibited the Type I deoxycorticosterone (DOC) m d uced difference spectrum of sheep adrenal 

cytochrome P45Ocll in a manner similar to that of S2, a biologically active fraction isolated from S. tubercu- 

latiformis. The effects of Compound A on the spectral properties of P45Ocll were diminished with time in PBS. 

Electrospray mass spectrometry (ES-MS) indicated that the rate of cyclization of Compound A to the corre- 

sponding aziridine followed a time course similar to the attenuation of cytochrome P45Ocll inhibition. It was 

concluded that the aziridine precursor, Compound A, rather than aziridine itself, was the inhibiting agent of 

sheep adrenal P45Ocll. Addition of sheep and rat plasma prevented the attenuation of the effect of Compound 

A on the spectral properties of cytochrome P45Ocll. Subsequent ES-MS analysis indicated that Compound A 

was stabilized in plasma by sex hormone binding globulin and corticosteroid binding globulin. These results 

suggest a mechanism whereby natural plant products, which are highly reactive and unstable in vitro, can be 

stabilized by binding to plasma proteins, and so remain biologically active in ho. Copyright 0 1996 Elsewier 
Science Inc. BIOCHEM PHARMACOL 53;2:189-197, 1997. 
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The contraceptive properties of plants belonging to the 

genus Salsola (Family: Chenopodiaceae) were first described 

by Ploss in 1902 [l]. Bushman folklore also mentions the 

use of the Namibian shrub S&o/u tuberculatiformis Botsch. 
for contraceptive purposes [2]. Feeding experiments with 
the shrub caused contraception in rats [3,4]. In addition, S. 
tuberculatiformis and extracts from the shrub have also been 
implicated in a syndrome of prolonged gestation and foetal 
post-maturity in sheep. This syndrome is characterized fur- 
ther by under-development of the udder and anaemia in 
pregnant ewes [3, 41. 

Investigation into the contraceptive compounds occur- 
ring in S. tuberculatiformis led to the isolation of an active 
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but labile HPLC fraction (S2)t from the dried plant mate- 
rial [5]. S2 elicits a Type II difference spectrum and inhibits 
the Type I DOC-induced difference spectrum of sheep 
adrenal cytochrome P45Ocll [4, ?I].$ S2, however, is very 
labile and decomposes to synephrine (I in Fig. 1) in an 
acidic aqueous medium. Acetylation of S2 yields the acety- 
lated aziridine structure III in Fig. 1, while acetylation of 
synephrine yields synephrine triacetate (II in Fig. 1) [6]. 
Further investigation into the chemical nature of S2 sug- 
gested that the active component might be 2-4-hydroxy- 
phenyl)-1-methylaziridine (V in Fig. 2) or the correspond- 
ing open chain precursor (IV in Fig. 2) [6-81. However, 

phenolic aziridines are extremely labile and therefore not 

ideal test compounds [8]. An aziridine precursor, Com- 

pound A (VI in Fig. 2), which cyclizes to the corresponding 
acetoxyphenyl methylaziridine (VII in Fig. 2) at physi- 
ological pH, was synthesized to test the hypothesis that the 

f Swart P, Swart AC, de Villiers CA and van der Menve KJ, Manuscript 
submitted for publication. 
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FIG. 1. Reaction scheme for the formation of synephrine (I), 
synephrine triacetate (II) and acetylated S2 (III). 

biologically active component of S. tuberculatiformis is a 
phenylaziridine or its corresponding open chain precursor. 

The present study tested the suitability of Compound A 
as a model for the biological effects of S. tubercuhtifomis 

and S2 in certain biological systems. The effects of both 
oral and intraperitoneal administration of Compound A on 

rat ovarian cycling and the effect of Compound A on the 

spectral properties of sheep adrenal cytochrome P45Ocll 
were investigated. In addition, the equilibrium between 

Compound A and its corresponding aziridine was studied 
with the aid of ES-MS. 

MATERIALS AND METHODS 

Synthesis of Compound A 

DL-Synephrine hydrochloride (10 g) was dissolved in glacial 
acetic acid (27 mL) and cooled to 10” in an ice waterbath. 

Acetyl chloride (27 mL) was added slowly while stirring 

thoroughly, and the reaction temperature was kept below 
30”. A white precipitate formed from the resulting clear 

solution within 12 hr. The fine white precipitate, Com- 
pound A, was collected by filtration under nitrogen, washed 
with cold anhydrous ether, followed by cold anhydrous ac- 

etone, and kept in a vacuum desiccator over silica gel for 12 
hr before storage at -80”. The yield of the reaction was 
13.21 gor83.6% ofCompoundA.Thecompoundwas highly 

hygroscopic and decomposed after the absorption of mois- 
ture or when left open at room temperature. The structure 
and purity of Compound A were verified by proton nuclear 

magnetic resonance spectroscopy and fast atom bombard- 
ment mass spectrometry, which gave the expected molecu- 

lar ion at 228,230. 

Rat 0varian Cycling 

Nulliparous female Wistar rats with body mass between 190 
and 210 g were housed individually in metabolic cages for 
oral administration experiments and communally in battery 
cages (five rats/cage) for intraperitoneal administration ex- 

periments. The temperature was held between 20 and 22”, 
and the animals were subjected to a 14:lO 1ight:dark cycle. 
The rats in metabolic cages were fed daily with 20 g of 
crushed rat pellets, while those in battery cages received rat 
pellets ud lib. All rats received water ad lib. Rats were 
weighed daily at the same time, their conditions were 
noted, and a vaginal smear was taken [9]. The vaginal 

smears were stained on the day they were obtained [lo]. 
The amount of food and water consumed by the rats in 

metabolic cages was also noted. A period was allowed for 
acclimatization, and vaginal smears were taken to deter- 

mine the length and regularity of the oestrus cycle. After at 
least four consecutive 4-day cycles (before administration 
period: days O-15), the rats were divided into experimental 

groups (six rats/group). The first day of administration (oral 
or intraperitoneal) of Compound A was designated arbi- 
trarily as day 16 and coincided with oestrus. Administration 

of Compound A was continued for 16 days (days 16-3 1). 
After the administration period, monitoring of the oestrus 
cycle was continued for an additional 16 days (days 3247) 
for one group of rats, while another group was killed on day 

31 to obtain the mass of specific organs (uterus, ovaries, 
adrenals, and liver) and blood. 

For oral administration, each rat received 0.16 to 94 
pmol of Compound A per day, dissolved by sonication in 5 
mL of 96% ethanol. The ethanolic solution of Compound 

A (5 mL) was mixed with 20 g rat feed, and the treated feed 

was Ieft for 3-4 hr in a fume cupboard to allow evaporation 
of the ethanol. The control rats received 20 g rat feed 
treated with 5 mL of 96% ethanol only. For intraperitoneal 

administration, each rat received 0.16 to 3.4 krnol of Com- 
pound A per day, dissolved in 0.5 mL of sterile filtered PBS 
(0.1 M phosphate buffer and 0.9% NaCl; pH 7.12). The 

solution was injected intraperitoneally directly after prepa- 
ration using a 1-mL tuberculin syringe. Control rats were 

injected intraperitoneally with 0.5 mL PBS only. 

Spectral Studies with Sheep 
Adrenal Cytochrome P45Oc 11 

All spectra were recorded on a Beckman DU 650 spectro- 
photometer equipped with a six-cell attachment. Lyophi- 
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FIG. 2. Chemical structures of aziriclme precursors and their 
corresponding aziridines: 2-( 4-hydroxyphenyl). 1 *methyl* 
aziridine (V) and its open chain precursor (IV); 2.(4.ace- 
toxyphenyl). 1.methylaziridine (VII) and its open chain pre- 
cursor: Compound A (VI). R = good leaving group. 
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lized mitochondrial powder from sheep adrenals was pre- 

pared as previously described and used as a source of cyto- 

chrome P45Ocll [S]. Inhibition of DOC-induced difference 
spectra and induction of difference spectra by test com- 
pounds were performed using the method of Swart et al. [5]. 
Compound A was prepared either in PBS, in sheep or rat 
plasma, or in heated sheep or rat plasma, and immediately 
added to the test system. The blank for DOC-induced dif- 
ference spectra contained all components except DOC to 
eliminate contributions by endogenous DOC in serum and 

other P450-substrate complexes that may be present in the 

mitochondrial powder preparation. 

Preparation of Plasma 

Sheep blood was collected from the abattoir in containers 

with 2.5 mL potassium oxalate/50 mL of blood as anti- 
coagulant. Rat blood was collected from control rats in 

tubes containing EDTA and heparin. The blood was cen- 
trifuged at 3000 g for 15 min at room temperature and the 
plasma decanted into 1-mL Eppendorf tubes and stored at 

-20”. Heated plasma was obtained by heating plasma at 60” 
for 1 hr in a rapidly circulating waterbath, centrifuging for 
15 min at 3000 g, and decanting the heated plasma. Heat- 

ing the plasma destroys the low capacity but high affinity 
steroid binding proteins, CBG and SHBG. Albumin, which 

has a low affinity but high binding capacity for steroids, is 

not affected by the same treatment [ll]. 

ES-MS Studies 

All ES-MS studies were carried out on a VG-Biotech mass 
spectrometer. Compound A (M’ = 228,230), at a concen- 
tration of 17 mM, was prepared in either PBS or sheep 

plasma, diluted 225 times with 50:50 water:acetonitrile 
containing 1% formic acid, and assayed immediately. The 

injection volume was 10 FL and the mobile phase was 
50:50 water:acetonitrile containing 1% formic acid at a 

flow rate of 10 FL/min. The rate of aziridine (M’ = 192) 
and synephrine (M’ = 168) formation was monitored at 

5-min intervals for 30 or 60 min by positive mode ES-MS 
analysis. A focus:skimmer value of 16/21 was needed to 

prevent decomposition, the cone voltage was set at 20, and 
the source temperature was kept at 65”. The signal of an 
injection of diluted buffer or plasma was subtracted from 
the spectra obtained. 

To test the effect of albumin on the stabilization of Com- 

pound A, BSA at a concentration of 36 mg/mL was added 
to PBS. Sheep plasma was preincubated for 60 min at 37” 
with cortisol or testosterone in 40 FL propylene glycol (fi- 

nal concentration in plasma was 4%) at molar ratios of 
Compound A:cortisol or testosterone of 242:l and 3:l to 
determine the effect of CBG or SHBG on the stabilization 
of Compound A. 

RESULTS 
Rat Ovarian Cycling 

Daily intraperitoneal administration of Compound A for 16 
days prolonged the oestrus cycle in four of the six experi- 

mental animals at a dosage of 0.16 p,mol Compound A/day 

and in all six experimental animals at a dosage of 3.4 p,mol 

Compound A/day (Fig. 3). Oral administration of Com- 
pound A for the same period showed no prolongation of the 

oestrus cycle at a dosage of 0.16 kmol Compound A/day. 
Prolongation in all six of the experimental animals was only 
achieved at a much higher dosage (94 PrnoI Compound 

A/day) when compared with animals receiving Compound 
A via intraperitoneal administration (Fig. 3). The average 
number of oestrus days per 16sday period during intraperi- 

toneal administration of 3.2 and 3.4 Fmol Compound 

A/day showed a significant decrease (P < 0.01) relative to 
the control groups, while during oral administration a sig- 

nificant decrease (P c 0.05) was seen only at an intake of 
94 pmol Compound A/day (Table 1). In all cases, the 

average number of oestrus days per 16-day period showed a 

tendency to return to the values observed in the control 
groups after administration of Compound A was discontin- 
ued. 

The body weight gain of rats receiving Compound A 
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FIG. 3. Effect of intraperitoneal or oral administration of 
Compound A on the oestrus cycle of female Wistar rats. 
Key: (m) day of oestrus. The time period between arrows 
indicates the duration of administration. 
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TABLE 1. Summary of the effect of oral or intraperitoneal administration of Compound A 
on the average number of oestrus days per experimental period 

Number of oestrus days per 16.day experimental period 

Compound A 
(pmol administered/day) 

Oral 
0.00 (N = 6) 
0.16 (N = 6) 

16.00 (N = 5) 
48.00 (N = 6) 
94.00 (N = 6) 

Intraperitoneal 
0.00 (N = 6) 
0.16 (N = 6) 
1.60 (N = 6) 
3.20 (N = 6) 
3.40 (N = 6) 

Before 
administration 

(days O-15) 

4.00 + 0.00 
4.00 f 0.63 
4.00 f 0.00 
4.00 f 0.00 
4.00 f 0.00 

4.00 + 0.00 
4.00 f 0.00 
4.00 * 0.00 
4.00 + 0.00 
4.00 k 0.00 

During 
administration 
(days 16-31) 

4.00 f 0.00 
4.00 * 0.00 
3.80 + 0.45 
4.00 t 0.00 
2.00 f 0.71* 

3.83 k 0.41 
3.17 k 0.98 
2.83 k 0.98 
2.33 + 0.82t 
1.33 + 0.52t 

After 
administration 
(days 32-47) 

4.00 f 0.00 
3.83 + 0.41 
3.20 + 0.84* 
3.67 + 0.82 
3.11 k 0.33t 

3.67 i 0.52 
3.33 * 1.21 
3.17 * 0.75 
3.33 k 0.82 
1.83 k 1.72* 

Values are means k SD; N = the number of rats per expenmental group. 

*,t Statist& slgnifance (*P < 0.05, tP < 0.01 vs control values) was evaluated with Dunnett’s Multiple Comparisons test. 

intraperitoneally was statistically significantly affected at a 

dosage of 3.2 kmol Compound A/day (P < 0.05) and 3.4 
kmol Compound A/day (P < 0.001) during the initial pe- 
riod of administration (Fig. 4). The weight gain was the 
lowest 4 days after administration had commenced (day 

20), recovered to that of the control group during the latter 
period of administration (days 2%31), and matched that of 

the control group for the period after administration (days 

32-47). In the case of oral administration of Compound A, 
a significant (P < 0.001) decrease in body weight gain was 

observed only when 94 pmol of Compound A was admin- 

lntraparitoneal administration 

0 )Imol A/day 

P z 40 
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FIG. 4. Average body weight gain or loss (N = 6) of control 
and Compound A-treated rats. The time period between 
arrows indicates the duration of administration. Statistical 
significance (*P < 0.05, “P < 0.01, and *h)P < 0.001 vs 
control values) was evaluated with Dunnett’s Multiple 
Comparisons test on days 8, 16, 20, 24, 28, 32, 40, and 47. 

istered per day. The decrease in body weight gain was ob- 

served throughout the period of administration with the 
lowest weight gain being observed on the final day of ad- 
ministration (day 31). After administration had ceased, the 
weight gain recovered but was still significantly (P < 0.01) 
lower than that of the control on the day that the experi- 

ment was terminated (day 47). 
The effects of intraperitoneal administration of 3.4 p,mol 

Compound A/day on the relative weights of particular or- 
gans in rats are presented in Fig. 5. The relative weights of 

the uterus and ovaries were decreased (though not signifi- 
cantly), while those of the adrenals and liver were increased 

significantly (P < 0.05) relative to that of the control rats. 

Ovaries Adrenals Liver 

FIG. 5. Effect of intraperitoneal administration of Com- 
pound A (3.4 pmol/day) on relative organ weights in female 
Wistar rats. Statistical significance (*P < 0.05 vs control vale 
ues; N = 6; values are means * SD) was evaluated with the 
two-tailed Student’s t-test. Values for liver were divided 
by 10. 
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Spectral Studies with Sheep 
Adrenal Cytochrome P45Oc 11 

INDUCTION OF DIFFERENCE SPECTRA BY TEST COM- 

POUNDS. DOC, the natural substrate for cytochrome 
P45Ocl1, elicited a Type 1 difference spectrum when incu- 
bated with mitochondrial powder prepared from sheep ad- 
renals (Fig. 6). The Type I difference spectrum had an 
absorbance maximum at 390 nm and an absorbance mini- 
mum at 420 nm. Compounds that are not substrates for the 
cytochrome P45Ocll enzyme may also bind to the enzyme 
and elicit a difference spectrum [ 121. Compound A induced 
a Type II difference spectrum with an absorbance maximum 
at 440 nm and an absorbance minimum at 410 nm (Fig. 6). 
The Type II difference spectrum of Compound A was at- 
tenuated with time in buffer, while the DOC-induced Type 
I difference spectrum did not change (Fig. 6). 

INHIBITION OF DO&INDUCED DIFFERENCE SPECTRA. In- 
hibition of DOGinduced difference spectra by Compound 
A in PBS, sheep plasma, or rat plasma is presented in Figs. 
7 and 8. Compound A, prepared in PBS, inhibited the Type 
I DOC-induced difference spectrum in a concentration- 
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FIG. 6. Type I difference spectrum of a sheep adrenal cytoe 
chrome P450 (0.7 1 pM) preparation induced by 5 pM DOC 
(-) and Type II difference spectra of an adrenal cyto. 
chrome P450 preparation induced by 200 pM Compound A 
prepared in PBS, 5 mm (---) and 60 min (--) after addition 
of test compound to the experimental system. Each spec- 
trum represents the average of six spectra taken. 
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FIG. 7. Inhibition of DOGinduced (5 pM) difference spec. 
tra of an adrenal cytochrome P450 (0.88 to 0.99 pM) prepa- 
ration by Compound A prepared in PBS, native and heated 
sheep plasma, or native and heated rat plasma. Spectra were 
taken 5 and 30 min after the addition of Compound A to the 
test system and are the average of six spectra taken. 

dependent manner. The inhibition however, was attenu- 
ated with time. Two hundred micromolar Compound A 
prepared in PBS showed 52% inhibition at 5 min and no 
inhibition at 30 min. Native sheep plasma appeared to 
stabilize the inhibitory effect of Compound A with a higher 
percent inhibition being shown at 5 min than in PBS (80 
vs 52%) and little decrease in percent inhibition being 
observed after 30 min (Fig. 8: curve 3). In contrast to native 
sheep plasma, heated sheep plasma showed attenuation of 
the inhibitory influence of Compound A with time in a 
manner similar to that of Compound A in PBS. In native 
rat plasma, the percent inhibition was greater than 100%, 
which indicated the presence of a peak instead of a trough 
at 420 nm (see Figs. 7 and 9). Curve 5 in Fig. 8 suggests that 
native rat plasma stabilized Compound A to a greater de- 
gree than native sheep plasma and that heating of rat 
plasma (Fig. 8: curve 6) abolished some of the stabilizing 
effect of rat plasma but not all. The inhibitory effect of 
Compound A in heated rat plasma (Fig. 8: curve 6) was 
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FIG. 8. Tie study of percent inhibition of DOC-induced (5 
pM) difference spectra of an adrenal cytochrome P450 
preparation by Compound A. Values are means * SD of six 
points. Curve 1: 0 pM Compound A in PBS; Curve 2: 200 
pM Compound A in PBS; Curve 3: 200 pM Compound A in 
native sheep plasma; Curve 4: 200 pM Compound A in 
heated sheep plasma; Curve 5: 200 pM Compound A in 
native rat plasma; Curve 6: 200 pM Compound A in heated 
rat plasma. The decrease in the trough of the Type I differ. 
ence spectra was used as the criterion of inhibition and was 
measured as the absorbance difference at 500 nm minus the 
absorbance difference at 420 nm per PM P450. Percent ins 
hibition was calculated as follows: 

% Inhibition = 100 - 

(Abs. 500 mm - 
Abs. 420 nm sample)/pM P450 

(Abs. 500 mm - 
x 100 

Abs. 420 nm DOC alone)/pM P450 

similar to that obtained for Compound A in native sheep 
plasma (Fig. 8: curve 3). 

The inhibition of the DOC-induced difference spectra by 
200 p,M Compound A prepared in native rat plasma ap- 
peared to differ from the previous spectra and prompted 
further investigation. In Fig. 9, the inhibition of the DOC- 
induced spectrum by different concentrations (5, 100, and 
200 PM) of Compound A showed an increase and shift in 
the absorbance maximum to higher wavelengths and a con- 
comitant decrease and shift in the absorbance minimum as 
the concentration of Compound A was increased. A high 
concentration of Compound A, however, did not abolish 
the Type I DOC-induced spectrum but rather appeared to 
induce an additive spectrum. This suggested that the Type 
II interaction occurred independently of the Type I inter- 
action, and that the bound Type I compound was not dis- 
placed by addition of the Type II compound. This is illus- 
trated by the inset in Fig. 9, where subtraction of the Type 
I DOC-induced spectrum from the spectrum induced by 
addition of both DOC and Compound A resulted in a Type 
II difference spectrum that was similar to the Type II spec- 
trum induced by Compound A alone. Yoshida and Ku- 
maoka [12] found similar results when Type I and II com- 

pounds were incubated simultaneously with hepatic micro- 
somes. Thus, the difference spectrum of 5 FM DOC plus 
200 p,M Compound A in native rat plasma in Fig. 7 was an 
additive spectrum of both the Type I (DOGinduced) and 
Type II (Compound A-induced) spectra and suggested that 
in native rat plasma the effective concentration of Com- 
pound A binding to the cytochrome was higher than in 
native sheep plasma. 

ES-MS Studies 

The cyclization of Compound A (M’ = 228,230) to the 
corresponding aziridine (M’ = 192) was monitored by ES- 
MS over a period of time. The cyclization of Compound A 
prepared in PBS was essentially complete after 60 min, with 
only about 10% of the total ion count being attributed to 
Compound A while the rest was the corresponding aziri- 
dine (Figs. 10 and 11). The aziridine decomposed to syn- 
ephrine, and at 72 hr 8% of the total ion count could be 
attributed to synephrine (results not shown). In contrast to 
the scenario in PBS, the cyclization of Compound A pre- 
pared in sheep plasma proceeded at a slower rate, with 75% 
of the total ion count being attributed to Compound A at 
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FIG. 9. Inhibition of DOWnduced (5 pM) difference spece 
tra of an adrenal cytochrome P450 (0.78 j&i) preparation 
by Compound A prepared in native rat plasma 30 min after 
addition of Compound A to the test system. Spectra are the 
average of six spectra taken. (-) 0 pM Compound A; (---) 5 
pM Compound A; (--) 100 pM Compound A; and (---) 
200 pM Compotind A. Inset: ( l a-) subtraction of the Type I 
DOCXnduced spectrum from the spectrum induced by ad- 
ditionofbothDOC(5pM)andCompoundA(2OOpM);and 
(-) the Type II spectrum induced by Compound A (200 
pM) alone. 
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FIG. 10. ES+MS spectra of 17 mM Compound A prepared in PBS or native sheep plasma. Spectra were taken as described in 
Materials and Methods. Key: (A) After 5 min in PBS, (B) after 60 min in PBS, (C) after 5 min in native sheep plasma, and 
(D) after 60 min in native sheep plasma. Compound A (M’ = 228,230); a&i&me (M’ = 192). 

60 min. The remaining 25% was the corresponding aziri- 

dine (Figs. 10 and 11). 
Sheep plasma contains several steroid binding proteins 

that may be responsible for the stabilization of Compound 
A. The most important include albumin, CBG, and SHBG. 
Addition of BSA to PBS (Fig. 11, curve 7) did not stabilize 

Compound A, which indicated that albumin did not con- 
tribute significantly to the stabilization of Compound A. 

However, addition of both cortisol (Fig. 11, curve 4) and 
testosterone (Fig. 11, curve 6) to sheep plasma in a molar 
ratio of 1:3 relative to Compound A decreased the percent- 
age of Compound A present, and suggested that both CBG 

(cortisol binds primarily to CBG) and SHBG (testosterone 
binds primarily to SHBG) could be involved in the stabi- 
lization of Compound A. The addition of 4% propylene 

glycol alone to sheep plasma had no effect on the degree of 
cyclization. 

The time scale of cyclization of Compound A to aziridine 
suggested that it may be Compound A rather than the 
aziridine which is the active species involved in inhibiting 
the DOC-induced difference spectra of adrenal cytochrome 
P45Ocll. In Fig. 12 it can be seen clearly that in PBS as 
well as in sheep plasma the percent of Compound A present 
correlated with the percent inhibition of the DOC-induced 
difference spectra (r = 0.96 in PBS and r = 0.81 in sheep 
plasma). 

DISCUSSION 

The study of the effect of Compound A on the ovarian 
cycling in female rats was performed primarily to assess the 

effect on reproductive performance in relation to previous 
results [3, 41. Female Wistar rats exhibited a prolonged oes- 

trus cycle, characterized by extended vaginal dioestrus, 
when Compound A was administered intraperitoneally at a 

dosage of 3.2 and 3.4 p,mol Compound A/day and orally at 
a dosage of 94 p,mol Compound A/day for 16 days. Oestrus 

cycles returned to that of the control group upon discon- 
tinuation of Compound A. The effect on the oestrus cycle 

was accompanied by a decrease in body weight gain, a de- 
crease in the relative weights of ovaries and uterus, and an 
increase in the relative weights of the adrenals and liver. A 

similar reversible prolongation of the oestrous cycle in fe- 
male rats was observed by Basson et al. [3] during feeding 

experiments with S. tuberculatifownis. They also observed a 
decrease in body weight, a decrease in the weights of the 
uterus and ovaries, and an increase in the weight of the 
adrenals. The weight of the liver also decreased but not 
significantly. In feeding experiments with metyrapone (a 
known inhibitor of adrenal cytochrome P45Ocll) van der 
Merwe et al. [4] found oestrus cycle blocking activity ac- 
companied by severe anorexia. Several other authors have 
shown that adrenal corticosteroid biosynthesis inhibitors 
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FIG. 11. Degree of cyclization of Compound A to aziridine 
over time as measured by ESMS. Values are means of six 
assays. The results are expressed as percent Compound A 
present and was calculated as follows: 

% Compound A present = 

Total ion count for peaks M’ = 228.230 

Total ion count for peaks M+ = 228,230 and 192 

Curve 1 = Compound A in PBS; curve 2 = Compound A in 
native sheep plasma; curve 3 = Compound A in native 
sheep plasma preincubated with cortisol (242 mol Com- 
pound A:1 mol cortisol); curve 4 = Compound A in native 
sheep plasma preincubated with cortisol(3 mol Compound 
A:1 mol cortisol); curve 5 = Compound A in native sheep 
plasma preincubated with testosterone (242 mol Compound 
A:1 mol testosterone); curve 6 = Compound A in native 
sheep plasma preincubated with testosterone (3 mol Com- 
pound A:1 mol testosterone); and curve 7 = Compound A in 
PBS plus BSA (36 mg/mL). 

(like metyrapone, aminoglutethimide, and amphenone B) 
cause growth inhibition, adrenal and hepatic hypertrophy, 

and uterine hypotrophy [13-161. Our results indicate that 
Compound A had effects similar to that of S. ruberculati- 
formis on the reproductive function in female rats and that 

these effects are probably mediated by a disturbance in the 
corticosteroid profile of the animals. 

Compound A interacted with mitochondrial powder pre- 

pared from sheep adrenals to induce a Type II difference 

spectrum, which indicates the presence of an amino group 
that reacts with the heme iron of the cytochrome [12]. S2, 
prepared from S. tuberculatiformis, also induced a Type II 
difference spectrum [5]. In addition, Compound A inhib- 
ited the Type I DOC-induced difference spectrum of mito- 
chondrial powder prepared from sheep adrenals in a manner 
similar to that observed by Swart et al. [5] with S2. Our 
results indicate that the resultant spectrum was a sum of a 
Type I DOC-induced spectrum and a Type II Compound 
A-induced spectrum, which suggests that the two substrates 
bind independently and that Compound A does not dis- 
place DOC upon binding. This is consistent with the results 
obtained by Yoshida and Kumaoka [12] when Type I and 

Type II compounds were added simultaneously. These re- 
sults strongly suggest that Compound A and S2 interact 

with cytochrome P450 prepared from sheep adrenals in a 
similar manner. 

The time studies that monitored the effect of Compound 

A prepared in PBS on the Type I DOC-induced difference 

spectrum over a period of 30 min clearly showed that Com- 
pound A inhibited the Type I spectrum but that this inhi- 
bition was diminished with time. ES-MS indicated that the 

rate of cyclization of Compound A to the corresponding 
aziridine in PBS correlated with the attenuation of inhibi- 

tion found in the cytochrome P45Ocll system if Compound 
A was prepared in PBS. It is, therefore, the aziridine pre- 
cursor, Compound A, rather than the aziridine, that is the 

inhibiting agent in the cytochrome P45Ocll system. 
Spectrophotometric and ES-MS time studies with sheep 

plasma showed that the plasma stabilized the inhibitory 

effect of Compound A in the P45Ocll system by retarding 

the cyclization of Compound A to the corresponding aziri- 
dine. The correlation between the amount of Compound A 

present and the percent inhibition of the DOC-induced 

spectra was high. Heating of the sheep plasma, which de- 
stroys CBG and SHBG but not albumin, resulted in an 
inhibition pattern similar to that observed for PBS, i.e. no 
stabilization of Compound A [17]. The suggestion that 
CBG and SHBG may be involved in the stabilization of 

Compound A in sheep plasma was confirmed by ES-MS 
studies, where sheep plasma preincubated with cortisol 

(which binds p nmarily to CBG) or testosterone (which 

binds primarily to SHBG) resulted in a higher degree of 

cyclization of Compound A than in sheep plasma without 
cortisol or testosterone. Albumin, on the other hand, did 

not appear to have a significant effect on the stabilization of 
Compound A. These results correlate with the fact that 

- 4F % lnhlbition - PBS 
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FIG. 12. Correlation between the percent inhibition of 
DOCeinduced difference spectra by Compound A (see lep 
end of Fig. 8) and percent Compound A present as mea- 
sured by ES-MS (see legend of Fig. 11). Values are means * 
SD of six assays. The correlation coefficient (r) between 
percent inhibition and percent Compound A was 0.81 in 
sheep plasma and 0.96 in PBS. 



Stabilization of an Aziridine Precursor by Serum Proteins 

although albumin has a high capacity to bind steroids in 
plasma it has a low affinity for steroids [18]. 

Rat plasma stabilized Compound A in the P45Ocll test 

system to a greater degree than sheep plasma, which sug- 
gests the presence of an effectively higher concentration of 
Compound A in rat plasma. Even after heating some sta- 

bilizing effect was retained. 
The discrepancy between the stabilizing effect of native 

sheep and rat plasma on Compound A in the cytochrome 
P450 studies may be explained by the fact that although the 
binding affinities of both rat and sheep plasma for cortisol 
are similar, the binding capacity of rat plasma (40 kg/l00 

mL) exceeds that of sheep plasma (8.8 pg/lOO mL) [17-191. 
The fact that a degree of stabilization was still observed in 

heated rat plasma, but not in heated sheep plasma, may 
once again be explained by species differences. In this re- 

gard, Seal and Doe [ 191 found that, although heating to 60” 
for 15 min inactivated 80% of the binding capacity in rat 

plasma while in sheep plasma only 60% of the cortisol binding 
was inactivated, the higher initial capacity of rat plasma before 
heating resulted in a cortisol binding capacity after heating 

that equalled that of sheep plasma before heating. 
In light of the results obtained with ES-MS and the 

cytochrome P450 studies, the differences in the contracep- 

tive effect observed between orally and intraperitoneally 
administered Compound A could be ascribed to the fact 

that orally administered Compound A cyclizes to the cor- 
responding aziridine during the preparation and absorption 

of the compound into the blood. Thus, during oral admin- 

istration the effective plasma concentration of Compound 
A, the reactive species, will be lower than that of the in- 
traperitoneally administered compound. 

To summarize, the results suggest a mechanism whereby 
natural products, such as those that occur in S. tuberculati- 

fomis or in S2, the HPLC fraction isolated from the plant, 

which are highly reactive and labile in vitro, may be bio- 

logically active in wivo due to stabilization by binding to 
plasma proteins. Furthermore, both CBG and SHBG may 

be involved in the stabilization of Compound A in plasma, 
and Compound A may be involved in the inhibition of 
adrenal cytochrome P45Ocl1, and thus cortisol or cortico- 
sterone biosynthesis. The biological effects of Compound A 
in both rats and sheep may simply be the interaction with 
a specific target organ such as the adrenals, in which case 
binding to plasma proteins acts primarily as a transport 
mechanism. Alternatively, the binding of Compound A to 
CBG and SHBG, with possible concurrent displacement of 
the endogenous steroid ligand, may contribute towards the 
biological effect or even be the biological effect itself. It has 
been shown, for example, that some of the extra-adrenal 
effects of metyrapone may be attributed to the displacement 
of cortisol from albumin [20]. 

The authors evish to thank Allister Simons for his expert technical 
assistance during the rat studies. 
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