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Abstract-It has been shown that the cultured cells of Nicotiana tabacum “Bright Yellow” are capable of trans- 
forming testosterone to A4-androstene-3,17-dione, 5cc-androstan-17b-ol-3-one, 5a-androstane-38,17fl-dial, its 
dipalmitate and 3- and 17-monoglucosides, epiandrosterone, its palmitate and glucoside, testosterone glucoside. 
Sr-Androstane-3b, 17/j’-diol dipalmitate and 3- and 17-monogiucosides, epiandrosterone palmitate and glucoside. 
and testosterone glucoside have been found for the first time as metabolites of testosterone in plant systems. A“- 
Androstene-3.17-dione was converted to testosterone. Sr-Androstan-17/Gol-3-one, which has been recognized as 
an active form of testosterone in mammals, was also detected. It has also been demonstrated that [4-‘%]testos- 
terone is actively incorporated in these transformations. 

INTRODUCTION 

THERE is little information on the biotransformation of foreign steroids by cultured plant 
cells. However, tobacco, Sophora and Digitalis cells can convert the C, 1 steroids progester- 
one1,2 and pregnenolone’ and the cardiac glycoside digitoxin,j while these cells cannot 
transform the C2, sterol cholesterol, the C2s ergosterol and the Cl9 sitosterol.4 

We now wish to report the biotransformation by cultured tobacco cells of the CIg steroid 
testosterone (1)5 to A4-androstene-3, 17-dione (2), Sa-androstan-17P-ol-3-one (3), 5c(- 
androstane-3j,17/?-diol (S), its dipalmitate (7) and 3- and 17-monoglucosides (8&b), epian- 
drosterone (6), its palmitate (9) and glucoside (10) and testosterone glucoside (11). The time 
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Therefore, the acetate is epiandrosterone tetraacetylglucopyranoside and this was con- 
firmed by m.p. and spectral comparison with synthetic epiandrosterone-P-D-glucoside (10) 
tetraacetate. The UV spectrum of (11) acetate, C33H460, ,, m.p. 166167”, showed absorp- 
tion at LFzH 241. IR absorption peaks were found at 1750 (COO) and 1675 (C = C-CO) 
cm-‘. The main mass fragment peaks were observed such as m/e 618 CM’], 331 
[C,,H,,O,] and 271 CM’--C,,H,,O,,]. The peak at m/e 331 suggested that (11) acetate 
is a tetraacetyl+D-glycopyranoside. The NMR analysis of (11) acetate showed an ano- 
merit proton doublet 6 = 4.50 (1H) with a coupling constant of 7.5 Hz, indicating that 
sugar has the fl-configuration. Acid hydrolysis of (11) acetate afforded testosterone (1) and 
glucose. Therefore, this acetate is testosterone tetraacetylglucopyranoside and this was 
confirmed by direct comparison with synthetic material. After incubation of [4-14C]testo- 
sterone with tobacco suspension culture the transformation products such as Scr-andro- 
stane-3P. 17/&diol(5) and epiandrosterone (6) reached their maximum on the 5th day and 
thereafter steadily decreased (Fig. 1). In contrast, the palmitates and glucosides reached 
the maximum on about the 8th day. The incorporation of [4-‘4C]testosterone into palmi- 
tates and glucosides remained level until the 14th day (Fig. 1). 

Culture period. days 

FIG. 1. TIME COURSE OF THE METABOLIC PRODUCTS OF TESTOSTERONE: -0, tt%tOSkrOn fraction; 

O-Cl, Sz-androstane-3fl,l’I/$diol fraction; A---4 epiandrosterone fraction; x __ x , palmitate 
fraction; t-0, glucoside fraction. 

DISCUSSION 

In our laboratory, we have hitherto studied the biotransformation of progesterone,‘92 
pregnenolone,’ digitoxin, 3 cholesterol, sitosterol and ergosterol in suspension culture of 
several species of higher plants. Progesterone, pregnenolone and digitoxin gave some trans- 
formation products, but we have been unable to detect metabolic products from choles- 
terol, sitosterol and ergosterol.4 We have now found that testosterone (l), A4-androstene- 
3,17-dione (2) and epiandrosterone (6) are metabolized by tobacco suspension culture effec- 
tively. These results suggest that suspension callus cultures have the ability to metabolize 
steroids lacking a long side chain at C-17 more effectively than those having such a long 
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side chain. These results agree with data reported by Schneider8 that glucosides were not 
formed from cholesterol and cholcstanol. Biosynthesis of palmitates of 5%-androstane-31. 
17/j-diol (5) and epiandrosterone (6) from testosterone (1) seem to be carried out in the 
same way as the biosynthesis of 5x-pregnanolone palmitate described earlier.’ Glucosides of 
5x-androstane-3P, 17/?-dial(5), epiandrosterone (6) and testosterone (1) seem to be formed by 

the same biosynthetic pathway as that of glucosides from progesterone2 and digitoxin3 
by suspension culture of Digitulis purpwra. Stohs and El-Olemy” suggested that epian- 
drosterone (6) and 5x-androstane-3/J’. 17,!&diol (5) as metabolites of A”-androstene-3.17- 
dione (2) are present as conjugates. It appears that these conjugates are identical with the 
glucosides now isolated and identified. The possible biotransformation pathway of testo- 

sterone is shown in Scheme 1. (I) was first converted to A’-androstenc-?.17-dione (2) by 

a 17/Chydroxysteroid dehydrogenase in the callus tissue. Then. (2) was metabolized to 
epiandrosterone (6) via 5r-androstane-3,17-dione (4). In addition. the formation of 5s(- 
androstane-3/3,17/J-diol (5) from (1) can be explained by stereospecific reduction of an ~.,fl- 
unsaturated ketone, similar to that which progesterone undergoes. 5x-Androstan-17p-ol-3- 
one (3) which was also detected as an intermediate in the callus tissue has been considered 
as an active form of the mammalian sex hormone.‘” Stoh and El-Olemy” reported that 
(3) w)as not present in the suspension cultures of Dioscorca ddroidtw after administration 
of [4-“CIA’-androstene-3. I7-dione (2). The pathway by which 5x-androstane-3/j. 17/Ldiol 
(5) is biosynthesized via (3) from (1) is not fully understood in animals.’ ’ Our present 

results with tobacco suspension culture suggest the presence of a similar pathway to that 
proposed in animals. 

” Sc(-Androston-17B-o~3-one (31 Testoltwone ( 1 1 A 4-Androstene- 3,17-dione 56-AndrostOnt)-3.17-dlone 
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By administration of A4-androstene-3,17-dione (2) the same eight transformation pro- 
ducts (Table 1) as those from testosterone (1) were found; (1) was also detected by TLC 
and GLC. Recently, Krehula et ~1.‘~ reported the co-occurrence of testosterone (l), epites- 
tosterone and A4-androstene-3,17-dione (2) in the pollen of Pinus siluestris. Thus the inter- 
conversion of (1) and (2) is reversible in tobacco callus as it is in mammals. Nevertheless, 
neither the biotransformation of Sa-androstane-3P,17fl-diol (5) from epiandrosterone (6) 
nor the formation of (6) from (5) was observed. Thus, the dehydrogenase for the reaction 
(1) @ (2) is less active in the case of the comparable transformation (5) P (6). 

In the tobacco callus system, the results of the time course experiments from using [4- 
i4C]testosterone show more glucosylation than esterification. Palmitates and glucosides 
reached their maximal level on 14th day and thus appear to be end products. The time 
course of (5) and (6) formation was identical with that observed in non-radioactive exper- 
iments. To conclude, these are probably two metabolic pathways for testosterone (1); one 
is (1) --+ (3) -+ (5) -+ (7) and (Sa,b), and the other is (1) -+ (2) -+ (4) -+ (6) -+ (9) and (10). 

EXPERIMENTAL 

Determination of m.p.s was by means of a Kofler hot plate and are uncorrected. IR spectra were taken in 
KBr. NMR spectra were determined in CDC13 using tetramethylsilane as internal reference. MS were run. using 
a direct insertion probe, on an JMS-OIS instrument. 

Tissue culture and administration of testosterone (I) and A4-androstene-3,17-dione (2) and epiandrosterone (6). 
The tissue culture were derived from the stem of tobacco (Nicotiana tabacum “Bright Yellow”) and have been 
subcultured for about 5 yr. Plant tissue suspension cultures were grown on modified Murashige and Skoog’s 
tobacco medium containing 0.5 ppm 2.4-o (2,4-dichlorophenoxyacetic acid), 01 ppm kinetin and 30/:, sucrose. The 
medium (250 ml) was dispensed in 1 liter flask containing 20-30 mg of crystalline testosterone. A4-androstene- 
3,20-dione and epiandrosterone, respectively. The callus (30-40 g) from 3-4 weeks static cultures was incubated at 
29’ina shaker for about 3 wks. [4-i4C]testosterone 6.6 x IOh dpm (0.529 mCi/mmol. Daiichi Pure Chemicals Co.. 
Ltd.) was administered to the tobacco callus similarly. Samples of callus (3&40 g) from 4 weeks static culture were 
incubated at 29” in a shaker for 5, 12, 24 hr, 2, 5, 8, 11 and 14 days, respectively. After incubation, the calluses 
were harvested at each time interval three flasks being used for each experiment. 

Extraction procedure. The calluses were harvested with Nylon cloth and homogenized with cold acetone in 
a Waring blender and allowed to stand for 10 days at room temp. Each homogenate was filtered and the residue 
extracted twice with fresh solvent. The residue was reextracted with MeOH. The filtrates were combined and 
the organic solvent was removed under red. press. The residue was extracted with CHC13 and the aqueous solu- 
tion was extracted with H,O-saturated BuOH. The CHCl, solution was washed with HzO, dried and evaporated 
to dryness. The H,O-saturated BuOH solution was evaporated to dryness. 

Separation of transformation products of [4-‘4C]testosterone. The calluses and media, from three flasks, were 
separated with Nylon cloth. The callus was extracted under reflux with acetone and filtered. The filter cake was 
refluxed with MeOH and filtered. The filtrates were combined, and then the organic solvent .was evaporated 
off under reduced pressure. The residue redissolved in H,O, was extracted with CHCl, (x 49) and the aq. soln 
was extracted with H,O-saturated BuOH (x 47). Each fraction was evaporated to dryness. Each CHCl, extract 
was chromatographed on silica-gel (35 g) and eluted as follows: fraction No. 1 (fr. No. l), 30% n-hexane in C,H, 
430 ml; fr. No. 2, C,H, 1000 ml; fr. No. 3-22, 5% Me,CO in C6H,; fr. No. 23-32, 10% Me&O in C,H,; each 
fraction 50 ml fr. No. 33,5% MeOH in CHCI, 500 ml and 10% MeOH in CHCl, 500 ml. Fr. No. 1 and 2 were 
combined. Each fr. No. l-32 was counted with 10 ml of the solution containing 3.0 g PPO (2,5-diphenyloxazole) 
and 0.3 g dimethyl POPOP { 1,4-Bis[2-(5-phenyloxazolyI)]:benzene) per 1 liter of toluene in Packard Tri-Carb 
liquid scintillation counter. Fr. No. 33 combined with BuOH fraction was counted with 10 ml of the solution 
containing 100 g naphthalene, 5.0 g PPO and 0.2 g POPOP per 1 liter of dioxane. 

Separatiorl qftransformation products qftestosterone (1). After administration of testosterone (total 980 mg) to 
the tobacco culture. the callus (total fr. wt 2329 g) was harvcstcd and extracted using the same method as thdt 

” KREHULA, M. S., TAJIC, M. and KOLBAH, D. (1971) Experientia 27, 108. 
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decribed above. 
lows: fraction A 

The CHCI, extract (total 15657 g) was chromatographed on silica gel (180 g) and cluted as fol- 
(Fr. A), 30% n-hexane in C6H6 600 ml and C6Hh 880 ml; Fr. B, C,H, 760 ml; Fr. C. C,H, 250 ml 

and 3’j:, Et20 in C,H, 660 ml; Fr. D. 3”/, Et20 in C,H, 420 ml and 5”<; Et,0 in C,H, 460 ml: Fr. E. S”,, Et10 
in C,H,, 540 ml and IO”;, Et?0 in C,H, 1000 ml; Fr. F. 10% Mc,CO in C,H, 2OOml; Fr. G. IO”,,, Me,CO in 
C,H, 6OOml; Fr. H, 20”,, Me,CO in C,H, 120ml; Fr. I, 20’;; Me,CO in C,H,, SO0 ml; Fr. J. CHCI, 500 ml 
and 10% EtOH in CHCI, 1280 ml and Fr. K. 100, EtOH in CHCI, 1090 ml and W’,, EtOH in CHCI, 840 ml. 

Isolurior~ ctr~d idri~ti~catio,~ of 5r-crndrostm7c,-3/1. I7b-dial dpuln~itcctr (7) LUZ~ L,/J~u~I(~~.os~~,~.o/I~, /~l~itc~c (91. Fr. B 
after evaporation of solvent was recrvstallized from MeOH to yield leaflets (7) (3.5 mp). m.p_ 79 SO’ (Found: C, 
79.83; H: 12.16. C,, HqZO, requires: k, 79.70; H, I1.98?{,). v,,,,,: 2920. 2850 (CH). 1730.~1 177(COO) cm I. NMR: 
60.77 (C-IX. S. 3H), 0.83 (C-19, .t, 3H). I.27 (CHZ, .A. 48H) ppm. MS: n~,r 51. [M +-C,.H,,C‘OOH]. 2% 
[M--C,,H,,COOH-C, jH,,COOH] and 241 [M+-X,,H,,COOH-Me]. (7) was Idcntlficd by IR. NMR. MS 
and m.m.p. comparison with synthetic material. 

The colourless amorphous matcrlal obtained from Fr. D. was rechromato_eraphed on silica gel (70 g) and eluted 
as follows: fraction 1 (Fr. 1) C,H,iOOml; Fr. 2, C,H, 300 ml and lo0 Et,0 111 C,H,, iO0 ml and Fr. 3, I”,, Et?0 
in C,H, 520 ml. Fr. 3, after evaporation of solvent was recrystallized from McOH to jicld leaflets (9) 11.~53 mg. 
m.p. 78 79“. CI,H,,,OS (requires: 528.454) 52X.455 by high resolution mass spcctromctl-!. )I,,,,, 2920. 2X50 (C‘H) 
I 7.35 (CO) I I X0 (COO) cm ’ NMR: d 0,X6 1C-IX. .s. <‘-IY. \. hH). I.26 (C‘H.. .t. 31H). 3.1(1 (W,.(‘OO. f. ‘l-1. 
J 1OHz)ppm. MS:UW~~S CM’]. 777 [ML-C,iH,,COOH] and 257 [\/I’-.<’ , ,H,,~‘OOH--Me] (91 MX identi- 

fied by IR. NMR. MS and m.m.p. comparison with synthetic material. 
Ikr‘,t /io/i o/ A’-o,rcli.~,rt,,i~~-.~.2O-~~i(~~l~, (2). 5z-o~ti~o.slo11- I7/i-oi-i-~~1~~ (3). i7-tr,r~lr,~,\fi/11~,-.~/~. I ~/I-~/~~I/ 151 II!IC/ c’p~dw 

dro.src~ow (6). Fr. F. Fr. G and Fr. I ticrc investigated by TLC‘ \vlth authcn~~c compounds. Sebcral ti-ansforli’latron 
products [(2) and (3) from Fr. F, (5) from Fr. I and (6) from Fr. G] bvcrc idenlificd h> GLC‘ and TLC. K, and 
R, are as follows: K, (min) systems I and 2. R, C,H,-Mc,CO (4: I); CHCI,-M&I-l (IO: 1). (2). R, 20.1. 45.4; 
R , 0.53, 0.66. (3). 17.1. 17.4; 0.44. 0.56. (5) 17.2, X.9 ; 0.26, 0.39. (6), 16.6. 14.7; IkW. 0~54. 

Isolatior~ rrrd idenrificotim r?f ~z-cl~ldrr,(tt~t~~,~~/~. 17/&diol (5) c~rlit rLlitr,irlro.stc,,,oii(j 161. The amorphous matcrlai 
( 160~0 mg) kom FI-. I ux purified on prcparativc TLC (li, 0.3’). C‘HC‘I, McOfl. 19 1 I \c\cl-ill time\. (51 \1;1\ rccr)+ 
tallized from MeOH to yield needles (33 mg). m.p. 161~ 162 1 C‘,,H,?O, (requires: 292~230) 2Y2.235 by high rcso- 
lution mass spectrometry. v,,,, 3470 (OH), 2930, 2850 (CH) cm ‘. MS: OI c 293 [MI 1. 277 [M’ -Me]. 274 
CM’-HzO], 259 [MI-Me+H,O]. (5) was identified by GLC. IR. MS and m.m.p. c’ompar~son with authentic 
5a-androstane-38. I7P-dlol. 

Fr. G (166.5 mg) evaporated to a small volume, was subjected to rechromatography on silica gel (50 g) as fol- 
lows: fraction 1, C,H, 200 ml. 5”; MezCO in C,H, 500 ml and X”,, Me2C0 in C,H,, 350 ml: fraction 2. X”,, 
Me,CO in C,H, 60 ml. Fraction 2. after evaporation ofsolvent was recrystallized from MeOH to licld columnar 
prisms (9.1 mg). m.p. 166.l67~, C,,H,,OL (requires: 290.225) 200.229 bq high resolution mass spcctrometr>. t ,,,,1, 
3470 (OH), 2930, 2850 (CH), 1730 (CO) cm ’ MS: m;‘e 290 [_M+J. 775 jM --Mc]. 272 [M’ -HzO]. 757 
CM’-Me-H,O], (6) was identified by GLC. IR. MS and m.mp. comparison with authentic epiandroslerone. 

Isohtio~z und identifictrtivu of’epiund,ostcJronc, qlumsidc~ (IO) trccttrte. 5z-o11cl~o.s11~11c~-~~~. 17/l-drol i- crrui 17-1m~~w 
qlucosidrs (Sa,h) UWI~I~CS onrf tcstmtwow q/uco.u’dr (11) uct~tutc. The amorphous material !v~I’L‘ obtained from k’r. 
K. was acetylated (X6.1 mg) by reacting with AcZO-~pyridine and allowing lo stand a1 room temperature ober- 
night. The acetates were separated and purified on silica gel (70 g) column chromatography and elutcd as fol- 
lows: fraction a (fr. a), C,H, 200 ml and 2”; MezCO in C,H, 1000 ml: fr. b. ?I,, Me-CO in C‘,H,, 320 ml: fr. 
c. 5” MezCO in C,H, 250 ml; fr. d. 50; MezCO in ChHh 270 ml: fr. e. 5”>, Me,CO in ?,,H,, 900 ml. The solvent 
was distilled off from fr. b the residue recrystallized from MeOH to yield needles (8) acctatc (3.35 mg), mp. 201~ 
203’. MS: ~Q’P 604 [M+-MeCOOH], 544 [M’-MeCOOH-MeCOOH]. 331 [C,IIH,,O,l 316 
[M’-C,qH20010] and 257 [M--C,,H,,~O,,-MeCOO]. GLC: R, 20.7 and 31.4 (mm) in system 3. (@acetate 
was shown to be a mixture of 5x-androstane-3/i,l7p-diol 3-monoglucoside (Sa) acetate and ir-androstane-?/~. 17/l- 
dlol 17.monoglucoside (8b) acetate by MS and GLC data. 

Fr. d was evapotrated i/z wcuo to eice a residue which was recrvstallizcd from MeOH to vicld needles (IO) 
acetate (3.5 mg).~m.p. 193~ 194 , (Found: c’. 63.90, H, 7.77. CIaH1,6,, requires: C. 63.97. H. %74”,P). v,,_, 2920. 
2850 (CHI. 1750 (COO). 1735 (CO). 1240 and 1040 ICOO). NMR: 60%3 (C-IS. .s. 3F-1). 0.87 (C-19, 5. ‘HI. 2-02. 
2.03, 2.05: 20.X (kleCd, s. 4 x 3H). 4.5X (I’-H. d. IH. J7.0 H7) ppm. MS: ,)I (2 560 [M *-McCOOH], ??I 
[C,,H,,O,]. 272 [ML-C,,HIZriO,o]. GLC: R, 16.7 (min) in system 3. 110) acctatc \+;I\; identifird h> IR. MS. 
NMR, GLC and m.m.p. comparison with synthetic material. 

FI-. e after removal of the solvent was rccrystallizcd from M&l-l to yield needles (II) acetate (3-5 mg). mp. 
166 167 C,,H,,,O, , (I-cquircb: 61X-304) hlX~iO2 h! high resolution mash spt‘ctromctr!. ?.b,‘,[(” 241 nm. I’ ,,,, \ 1930. 
XN((‘l4). 17.50 ((‘00). 1675 ((‘m(’ (‘0). 1230. 1035 ((‘(IO). NMR: (5 i),7h ((‘-lk. \. .:IiI. I 20 (C‘-Ic). 1. ;tl). 2 0. 
7.02. 244. 24)X (McC‘O. ,A. 4 x 7H). 1.50 (I’-H. tl. I H. J 7,5 HI) ppm. MS: ,I! c 61s (I’4 - 1. 3: I /<,,H ,,,O,,l. 171 
[‘M ‘-C,,H,,O,,,]. GLC: R, 2W (min) in system 3. (I 1) acetate ~\as identiiied by tJV. IR. MS. NMR. GLC and 
m.m.p. comparison with synthetic material. 
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The product was crystallized from MeOH to give 94.5 mg (31ya) of needles. m.p. 188 190‘ (Found: C. 63.19. H. 
7.85. C35H52012 requires: C, 63.02, H. 7.93”/;,). GLC: R, 21.4 (min) in system 3. 

Synthesis qf 5z-nndrostanr-3/f, 178-dial 17b-D-ylucosidr (S/I) pr~zraacernre. Testostel-one glucoside tetraacctate 
was reduced with NaBH, and then acetylated with Ac,O-pyridine. The product (\icld 16”,,) was crystallized from 
MeOH togive needles, m.p. 212 214’(Found:C, 63.07: H. 7.79. (‘,,H,,C),L rcqums: (‘. 63.02: H. 793”,,). GLC: 
R, 20.7 (min) in system 3. 

Cmdition of GLC. Gas chromatographic analysis was run on a Shimadru gas chromatograph G(‘-4RMF in- 
strumcnt fitted with :I hqdr-ogen tlarne ioni/alion dctcctot. The condition of GL(’ ‘i1-i‘ a< li,llo\rr: 

System Column Liquid phase 

Column 
temp. 
( C) 

Detector (‘arrlcr gas 
temp. NL 
t c-1 (ml min) 

2m x 3mm 

2m x 3mm 

2m x 3mm 

1” OV I on 
ChromosordW (80 _ 100 mesh) 

1,5”,, QF 1 on 
Chromosorb W (60 _ 80 mesh) 

19,; ov 1 on 
Chromosorb W (80 _ I00 mesh) 
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