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1% is now clear that steroid biosynthesis involves the 

conversion of cholesterol to pregnen~lone via trio hydroxylated 

htermediatea, namelyr 20a-h3droxJcholeetero1and20a,~~-dihydro~- 

cholest*rol (Solomon et al 1956; ShisLa et al., 1962; --•* 

Constantopoulous etel., 1962). -- The importance of these reactions lie6 

in the fact that the conversion of cholesterol to pregnenolone appears 

to be rate-limiting for steroid biosynthesis-(Stone'and Hechter, 1954) 

and is specifically stiaulated by the trophic hormones ICSE+ @ell and 

E%k-Nes, 1964) and ACTS (Karaboyas and Koritz, 1965) 

Like other steroid hydroxylations the above reactions require 

reducedTPN tHalkerstons&Vr 1961). Moreover side-chain cleavage 

of cholesterol (cholesterol+pregnenolone) by adrenal mitochondria 

appears t6 require a special electron carrier which is inhibited by 

carbon monoxide (Simpson and Boyd, 1966). Finally, it has been 

suggested (Koritz, 1966) that hydroxylation of the side-chain of 

cholesterol, requires the trensport of electrons from succinate to DPN, 

l Abbreviations used: ACTH : Adrenoccrticotrophic Horwner ICSE : 
Interstitial cell-stimulating hormone (also known as luteinising hormone); 
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followed by tramhydrogenation of TPN - the 80 called reverse electron 

transport or energy-linked reduction of pyridine nucleotides by 

succinate (Chance and Hollunger, 1960). 

It has recently been shown that hyperbaric oxygen specifically 

inhibits reverse electron transport (Chance etg., 1965). The present 

studies support the requirement for reverse electron transport during 

side-chain cleavage of cholesterol by demon&rating that hyperbaric 

oxygen inhibits the conversion of cholesterol to pregcenolone by admnal 

mitochondria. 

Extnzimental Procedure 

Rat adrenals were homogenised by means of a Dounce homogeniser 

and mitochondria were prepared either in 0.1!54 M potassium chloride as 

described by Peron and Koritz (1960) or in 0.25 M sucrose as described 

by Korita (1966); the mitochondria were resuspended in potaseium 

chloride or sucrose respectively, at a concentration of 1 ng protein per 

ml. Incubation was performed in 10 ml Erlenmyer flasks at 37" for 

15 minutes. Additions were made to the flasks in the following or&m: 

potassium chloride, phosphate buffer (0.1 M pH 7.41, succinate (final 

concentration 10 n&l) bovine serum albumin (final concentration I%), 

cholesterol-&H (5 @c : 0.2 pg per flask uuleas otherwise stated) and 

finally mitochondria. Cholesterol-38 was added in l'ween-80 (Hall, 196% 

Volume of incubation was 2 ml and final PH 

Following incubation the reaction 

methylene chloride and preguenolone 100 Mg 

each flask. Pregnenolone- 43 was extracted 

7.4. 

wae stopped by addition of 

was added to the oontenta of 

by means of methylene chlcn&& 

and Purified by paper chromatography as described elsewhere (Koritm and 

Hall, 1904). After elution from paper chromatograma, pregneuolone-% 

was purified by thin layer chromatography in the system methylene 

chloride/ether (5:2, v/v). Pregnenolone wae located by exposing the 

plates to iodine vapour and was eluted end measured by liquid 
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scintillation spectrometry (Hall, 1966). When flasks containing 

cholesterol- % and other additions were extracted immediately after 

addition of mitochondria (zero time controls) 50 - 300 dpm of 

tritium was recovered in the eluates from thin layer chromatograms; 

the value of 200 dpm (mean of six determinations) was subtracted from 

all values obtained by the incubation procedure described above. 

Incubation under pressure was performed in a steel chamber 

fitted with a water-jacket. Gas was delivered through jets which 

entered individual flasks. The delivery of gas was regulated by a 

reducing-valve in such a way that the stream of gas caused the 

contents of each flask to be distributed as a thin layer around the 

walls of the flask, thereby insuring rapid equilibration with the 

gaseous phase. 

Cholesterol-a-3H was obtained from Nuclear Chicago (Lot No. 

TRKl22, II C/m mole) and was purified before use in these experiments 

by paper chromatography as described previously (Hall and Koritz, 1964). 

Results and Discussion 

Table I shows the results of recrystallizing pregnenolone- %I 

after addition of authentic pregnenolone. This sample of pregnenolone- 31 

was isolated after incubating adrenal mitochondria with cholesterol-&R 

as described above. The specific activity remained constant through 

four recrystallizations from different solvent systems thereby 

establishing the identity and radiochemical purity of the compound 

measured in the following experiments. 

Figure 1 shows the result of five experiments in which the 

influence of hyperbaric oxygen (60 p.s.i.) upon the conversion of 

cholesterol to pregnenolone was examined. It will be seen that in 

each experiment hyperbaric oxygen inhibited the side-chain cleavage of 

cholesterol. Succinate enhanced side-chain cleavage in confirmation 

of the findings of Koritz (1966). Moreover succinate appeared to 
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Table I 

Recryetallization of Preunenolone- sa 

Specific Activity (dpm/mg) 

Recrystallization Solvent Cryetala Mother Liquors 

After addition of 
carrier 

780 

1st 

2nd 

3rd 

4th 

Aqueous methanol 

Ethyl acetate/ 
ligroin 

Hexane/benzene 

Ligroin/acetone 

770 

780 

790 

780 

790 

770 

780 

770 

Pregnenolone-3H WBB isolated as described under Experimental 
Procedure and authentic pregnenolone (20 mg) was added. Crystals 

. uere allowed to form from the solvents shown and specific activities 
of crystals and mother liquors were determined after each crystallization 
by methods deecribed elsewhere (Koritz and Hall, 1963). 
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Figure 'l. The influence of hyperbaric oxygen (60 p.s.i.1 upon 

the conversion of cholesterol-% by mitochondria from rat adrenal 
incubated with and without euccinate (IO &I. Experiments 1 and 2 
cholesterol-W% 2 PC : 0.08 pg per flask was used, while in 
Experiments 3-5, 5 NC : 0.2 pg per flask was used. 
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decrease the extent of inhibition by hyperbaric oxygen since the 

ratio of pregnenolone- %I formed in air to that formed in hyperbaric 

Oxyssn ia significantly pester in the absence of succinate then in 

the presence of succinate (~~0.05). 

It should be pointed out that the control flasks in th3.8 

experiment (i.e. those incubated in air) were eubjected to air at the 

same pressure (60 p.s.i.) a8 that in the samples exposed to hyperbaric 

oxygen. Figure 2 showe the inhibition of the conversion of 

cholesterol to pregnenolone as a function of oxygen pressure. It is 

seen that increasing pressure produces increasing inhibition up to 

approximately 60 p.8.i. and that (as observed in Figure I) succinate 

protect8 mitochondria to some extent from this inhibition. Finally, 

it ie clear from Table II that oxygen at atmospheric pressure caueea 

pronounced iuhibition of the conversion of cholesterol to pregnenolone 

(p~0.001). Similar experiments in which mitochondria were prepared 

in sucrose (0.25 M) gave similar results. 

14,440 

11.400 

a0 44 40 a0 40 44 80 loo 

OXYGEN m  ~.a,. ABOVE ATMO6F’5lUC PNN44UM 

Figure 2. The influence of oxygen upon side-chain cleavage of 
cholesterol a8 a fWction of oxygen pressure. In two separate 
experiments, mitoohondria were incubated with au6 without succinate 
at the pressures shown. 
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Table II 

Incubation of Adrenal Mitochondria in Air or Oxygen 

Experiment GE&3 Pregnenolone-a (dpm) % Inhibition 

8 Air %ooo 

Air 369~ 

lOC%Oxygen 26,000 

100% Oxygen 26,6w 

9 

10 

Air 

Air 

100% Oxygen 

10% Oxygen 

Air 

Air 

IOB Oxygen 

10% oxygen 

%6,W 

35,800 

19,ooo 

19,200 

29,ooo 

27,m 

17,ooo 

18,000 

50 

47 

Adrenal mitochondria were prepared in potassium chloride and 
incubated with cholesterol-k (5 pc : 0.2 pg per flask) as described 
under Experimental Procedure. Incubation was performed in an 
atmosphere of sir or IO@ oxygen at atmospheri pressure and following 
incubation at 37O for 15 minutes pregnenolone- %I was isolated and 
measured. 

Chance and coworkers ('I9651 have presented evidence to show 

that hyperbaric oxygen causes selective inhibition of reverse electron 

transport and does not inhibit either the ususl "forwardtl flow of 

electrons or the energy-transfer reactions associated with it. The 

present observation that hyperbaric oxygen inhibits the conversion of 

cholesterol to pregnenolone is in keeping with a recent suggestion 

that the rate-limiting step in steroid biosynthesis requires reverse 

electron transport to generate the reduced TPN required for 

hydroxylation of the cholesterol aide-chain (Koritz, 1966). Further 
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support for the flow of electrons: Succinate+ DPN -*TPN in 

relation to the side-chain cleavage,is to be found in the protective 

effect of succinate which provides electron6 and high-energy compound6 

to maintain pyridine nucleotides in a state of reduction, in 

competition with hyperbaric oxygen which promotes oxidation of pyridine 

nucleotides (Chance et al., 19651. -- 
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