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PRELIMINARY COMMUNICATIONS 
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Hermann Xappus and Hassan Muliawan 

Section on Pharmacology, Medical Institute of Environmental Hygiene, 

University of Dtisseldorf, Gurlittstrape 53, D 4000 Diisseldorf 1, P.R.G. 

(Received 19 October 1981; accepted 19 November 1981) 

During treatment of animals with the hepatotoxin carbon tetrachloride (Ccl,) 

short-chain alkanes, e.g. ethane and n-pentane, are formed (1 - 6). It is now 

generally accepted that these alkanes originate from the decomposition of lipid 

hydroperoxides (7). However, studies with model compounds demonstrated that 

metal ions, e.g. iron, are involved in the breakdown of lipid hydroperoxides to 

alkanes (8, 9). Because we were interested whether metal ions are also involved 

in Ccl,-induced lipid peroxidation we studied the effect of ferrous ions on 

CC&-induced alkane formation in rat liver microsomes. This could be important, 

because lipid peroxides are fairly stable in absence of metal ions (10). First 

of all we had to develop an in vitro system which gives reproducible measure- 

ments of alkanes during microsomal incubation. Furthermore, we had to examine 

whether these alkanes are indeed formed in hepatic microsomes due to Ccl,. On 

the other hand, we had to find out what the optimal iron concentration in this 

system would be. 

METHODS 

Rat liver microsomes were prepared according to standard procedures (11). 

The 5 ml microsomal incubation mixture (1 mg protein/ml) was essentially the 

same as previously described (12) and contained a NADPH-regenerating system, 

Incubations were carried out in special incubation flasks at 37' (Figure l}. Be- 

fore the incubation, we allowed synthetic air (hydrocarbon-free) to stream 

through the incubation flask containing Tris-El-buffer and microsomes by mode- 

rate evacuation (Figure 1). This removed all contaminants and replaced the la- 

boratory air. Then the vacuum pump was disconnected by removal of needle 12 

(Figure 1). After 3 min pre-incubation all reagents were added to the microso- 

ma1 mixture using syringes and needles stuck through the septum. Before each 

gas sampling the atmosphere above the incubation mixture (19 ml) 'was diluted 

with 8 ml synthetic air. This was attained by removing 8 ml of the head space 

gas via the sampling syringe, as 8 ml synthetic air bubbled through the water 

barrier 5 (Figure l}. The design allowed a homogenous distribution of the at- 

mosphere by pumping the 8 ml gas present in the syringe backward and forward 

for several times. Afterwards, from the 8 ml sample 5 ml were analysed for 

ethane , propane and n-pentane by gas chromatography as already described (3) 

using a temperature program of 90' - 200' with a heating rate of lZ'/min. The 

amounts of alkanes formed per mg microsomal protein were calculated using cali- 

bration gases (3) taking into account the dilutions and the removals. 
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FiRwe 1: Scheme of the system used for 

microsomal incubations and for sampling 
of alkanes. The all-glass part (1) was 
connected to a synthetic air supply (15) 
and via teflon tubes (3) to six special 
glass flasks of 33 ml (4) containing 15 
ml H,O (5). Each was connected to an 22 
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ml Erlenmeyer flask (8) via teflon tube 
(6) and ground glass (7). llhe Erlenmeyer 
flask with side arm, screw and teflon- 

+J 0 10 20 30 40 mm 

coated silicon septum contained the mic- Figure 2: Ethane, propane and 
rosomal mixture (2) which was shaken in n-pentane formation in hepatic 
a water bath of 370 (i0). A needle (12) microsomes incubated in presence 
connected to another all-glass part (2) of a NADPIi-regenerating systeni 
and to a vacuum pump (I.4) via teflon without (up er part) and with 
tube (13) was stuck through the septum. (lower part P addition of CCI, 
Another needle connected to the gas samp- (10 ti;). In general, mean va- 
ling syringe (II) was also stllck lues + S.D. of experiments with 
through the septum. micro~omes from 4 different rats 

are shobn. 

REXJLTS AND DISCUSSION 

Our results demonstrate that the system used for microsomal incubations and 

alkane sampling (Figure 1) gives reproducible measurements of e.thane, propane 

and n-pentane. In contrast to other systems used during in vitro incubations 

and aLkane measurements (1, li;, 14) th e system allows to remove several g=3s 

samples from the same incubation flask. 

We demonstrate for the first time that CC& induces ethane, propane and 

n-pentane formation in hepatic microsomes and that this alkane formation dc- 

pends on NADYH suppiy (Pibure 2). Additionally, we could show that microsomal 

alkane formation due to ferrous ions is also NADPH-dependent (Figure 3). Pur- 

thermore, we found that the iron concentration dependence curve leads to a 

plateau of alkane formation at similar ferrous ion concentrations as already 

described for malondialdehyde (15). On the other hand, from 'I'able 1 it is ob- 
?+ 

vious that Fe* increases .thc CCL,-induced alkane formation in microsomes, the 

effect no-t being solely attributable to PC 2-F... -1nrtiated lipid peroxidation. The 

same was true for the small "endogenous" alkane formation (without CCI, j. This 

indicates that besides the involvement of Fe 2+ In the initia%ion of alkane for- 

mation Ye*+ cntaipses the breakdown of already pre-formed lipid peroxides to 

alkanes. This effect of iron ions has alread,y been described i'.>r melondialoe- 

hyde formation (10). 



Preliminary communications 599 

TM 
Ethane FormatIon t 

x-x Fe*+ 

El-0 
Controls x 12 0 

“_____.” 

x -i- x 19.2 / .Lk=r 24.0 
14.4 

9.6 

1.2 

+I- 0 3 6 9 12 15 min 

o.6_ Pentane FormatIon 

A-A Fe2+ 

rcl---lx 
Controls 

OS- ".__..." 

c 0.4. 
ol 

2 
a 

z 
E 

= 0.2 

0.1 

0' 3 6 9 12 15 mln 

0.t 

0.5 

2 0.4 
z 

$J 0.3 
,o 
a 

E" 
. 0.2 

Yi 

z 

0.1 

Propane FormatIon 

o-o Fe2* 

l3---lX 
Controls ,M 

"__...." t 

cl 12.0 
0 24.0 

1 
/f&g 1;:: 

0' 3 6 9 12 15 mm 

I Alkane Formation by Fe2+ 
5. 

i. 
0 : Ethane 

cl. P ropane 

0 : Pentane 

4.8 9.6 14.4 19.2 24.0 PM 

Figure 3: Ethane , propane and n-pentane formation in hepatic microsomes incuba- 
ted in presence or absence of a NADPH-regenerating system with different con- 
centrations of FeC1,.4H,O. Control incubations were carried out either with 
FeCl, (24 uPi), but without NADPH, or with NADPR, but without FeCl,. The bottom 
right pan k 1 shows mean values + S.D. of experiments with microsomes from 4 dif- 
ferent rats, whereas all other panels represent typical experiments. 
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Additions 

at zero time 

Table 1: Liver Xicrosomal Alkane Formation 

pmol/mg microsomal protein/33 m;n 

after 30 min 
incubation 

ethane propane n-pentane 

NADPH 42. I. n.m. 62 2 

10 mM ccl, 9+ 2 n.m. 41 2 

NADPH 24/uM FeCl, 662 9 2 I. F 86 + 9 

NADPH + 10 mI? Ccl, 282 3 n.m. 584 6 

NADPH + 10 mM Ccl, 24/uM FeCl, 112 2 22 521 236 + 3a 

Mean values + S.D. of experiments with microsomes from 4 different rats are 
shown. n.m. = not measurable. When FeCl, and the NADPH-regenerating system 
were added at zero time 9 2 1 pmol ethane, no propane and 11 + 2 pmol n-pen- 
tane were formed per mg microsomal protein within 3 min (see also Figure 3). 

We suggest that iron ions play an important role in the propagation step of 

microsomal lipid peroxidation, also when induced by Ccl,. This might be rele- 

vant in vivo when the formation of various toxic products formed during breaK- 

down of lipid peroxides is concerned. 
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