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Carbon tetrachloride (CCI,) poisoning affects glycoprotein processing and maturation at the level of rat 
liver microsomes and Golgi apparatus. HPLC analysis showed that within 5-60min after CCI, admini- 
stration the levels of total dolichol, free dolichol and dolichyl-phosphate strongly decreased both in total 
microsomes and in Golgi apparatus. The most marked and early reduction of total dolichol was observed 
in the secretory membranes of Golgi area already I5 min after CCI, poisoning. 

The incubation of CC1,-pretreated isolated hepatocytes with [3H]-mevalonate showed a significant 
slowing down of the label incorporation into both free-dolichol and dolichyl-phosphate. 

Moreover, lipid peroxidation might cause alterations in the molecular structure of both free-dolichol and 
dolichyl-phosphate. A notable prevention of dolichol decrease was observed in animals pretreated with 
vitamin E. 

The results suggest that the prooxidant activity of CC1, is able to affect the metabolism of dolichol either 
by increasing the oxidative degradation or impairing the biosynthetic pathway. 

KEY WORDS: CCI,, glycosylation, dolichol, liver, microsome, golgi apparatus. 

INTRODUCTION 

The rat poisoning with carbon tetrachloride (CCl,) leads to a precocious impairment 
of the hepatocellular system which provides for terminal glycosylation and matu- 
ration of glyco- and lipoproteins at the level of the Golgi apparatus. In fact, a few min 
after acute treatment with CCl, a structural derangement of liver Golgi apparatus 
takes place,’ and the earliest functional change is a block of lipoprotein transit 
through the Golgi cisternae and vesicles both in the isolated hepatocyte model and in 
the whole animal.’,3 Furthermore, at  15 min of rat intoxication CCI, strongly inact- 
ivates galactosyltransferase activity in Golgi secretory and formative  membrane^.'-^ 

Lipid peroxidation appears to be the major mechanism involved in the inactivation 
of glycosylation  reaction^;^ this is suggested both by the susceptibility of Golgi 
galactosyl- and sialyltransferase activities to the toxic action of aldehydic products of 
lipid peroxidation’ and by the marked protection of these activities afforded by rat 
supplementation with vitamin E.”‘ 

Author to whom communications, proofs, and requests of reprints should be sent: Maria Adelaide 
Pronzato, Institute of General Pathology, University of Genoa, Via L.B. Alberti, 2 1-16132 Genova- 
Italy. 
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268 M.A. PRONZATO ET A L .  

The glycosylation of proteins is a multistage process which starts in the endo- 
plasmic reticulum where the synthesis of N-linked oligosaccharide occurs and comes 
to its end in the Golgi apparatus where a specific glycosyltransferase system provides 
for the terminal glycosylation reactions.6 

Both in the membranes of endoplasmic reticulum and Golgi apparatus several 
long-chain polyisoprenoid alcohols, named dolichol, are present either as free doli- 
chol or dolichyl-phosphate (dolichyl-P). Recent observations indicate that the bio- 
synthetic pathways of free-dolichol and dolichyl-P may be distinct and that these 
forms are not freely inter~onvertible.~ The latter form is mostly present in the endo- 
plasmic reticulum and acts as glycosyl carrier across these membranes in the initiai 
stages of the membrane-directed biosynthesis of the N-linked oligosaccharide chains 
of glyc~proteins.*-~ 

The highest concentration of free dolichol occurs in Golgi apparatus“ with a 
possible role either in terminal glycoprotein processing or in movements through the 
Golgi membranes towards the secretory region. 

Since the levels of both free dolichol and dolichyl-P seem to be essential for the 
entire steps of glycosylation pathway, this investigation has been undertaken with the 
aim of clarifying whether the free radical activation of CCI, might impair these 
reactions by affecting the metabolism of dolichol in rat liver microsomes and Golgi 
apparatus. 

MATERIALS AND METHODS 

“In Vivo” Experiments 

Male Sprague Dawley rats (CD-COBS Charles River, Calco, Italy), weighing 
200 f 25 g, were fed on a standard synthetic diet, devoid of antioxidants. Groups of 
6 animals, fasted for 16 h, received by oral intubation a single dose of CCI, (250p1/ 
100 g b.w. as a solution 50% v/v in mineral oil), or mineral oil alone. The animals were 
sacrificed at  different times within 5-60 min after intubation. In the experimental 
groups in which the protective effect of vitamin E was tested, lOmg/IOOg b.w. of 
alpha-tocopherol, dissolved in 1 vol of ethanol followed by the addition of 9vol of 
16% Tween 80 in 0.9% NaCI, were injected intraperitoneally I5 h before the animals 
were killed. 

Preparations of Golgi apparatus subfractions (F1 and F2 as secretory region and 
F3 as formative region) were obtained from total microsomes of pooled livers by 
discontinuous sucrose density gradient ultracentrifugation according to the method 
previously described.’’ Morphological and chemical characterization of Golgi mem- 
branes were carried out as reported.-l 

“In Vitro” Experiments 

After hepatocyte isolation, as described by Poli et a/.,‘* the cells were pre-incubated 
with CCI, (129pM) for different times within 15-60min and then with 5-  
(3H)mevalonolactone (38.8 Ci/mmol) for IOmin as described by Ekstrom et ~ 1 . ~  

After incubation the isolated liver cells were sonicated and the microsomal fraction 
was isolated. 
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LIVER DOLICHOLS IN CCL, POISONING 269 

Extraction of Total Dolichol 
The liver homogenate and the subcellular fractions were digested with 0.5 N ethanolic 
KOH at 60°C for 1 h. Total dolichol (as free-dolichol, dolichol-fatty acid, dolichyl-P 
and other polyisoprenoids compounds) was extracted three times with 7 volumes of 
ethanol/hexane (25  v/v).” 

Extraction of Free Dolichol and Dolichyl-P 

The microsomes were supplemented with 4 mlO.25% pyrogallol in methanol and 2 ml 
60% KOH. Alkaline hydrolysis, which converts fatty acid dolichol to free dolichol, 
was performed at 85°C for 45 min. The mixtures were adjusted to a chloroform/meth- 
anol/water (C/M/W) ratio 3/2/1 and the chloroform phase was washed with upper 
phase four times and evaporated to dryness.’, The samples dissolved in CM (2:1), 
were applied to a 5 cm DEAE cellulose column equilibrated in CM (2: 1). The column 
was washed with 10 ml of CM (2: 1) and 10 ml of CM (3: 1). Dolichyl-P was eluted with 
200mM ammonium acetate in CM 3:1.15 

Analysis of Dolichol 
After evaporation, the samples, containing either total dolichol, or free dolichol or 
dolichyl-P, dissolved in methanol, were analyzed by high performance liquid 
chromatography (HPLC) in a pBondapak C18 reversed phase column (Waters 
3.9 mm x 30 cm). The mobile phase was methanol/isopropanol containing 10 mM 
phosphoric acid (solvent B). The gradient was isocratic at 2% B for 5 min, increased 
linearly in 3min to 50% B, and maintained for 5min; the flow rate was Z.Oml/min. 
The effluent was monitored at 210nm. 

In the labelling experiments the effluent was collected in a fraction collector and 
radioactivity measured in a beta-counter Tri-carb 4000, Packard. 

Stimulation of Microsomal Lipid Peroxidation 
Incubation of microsomes isolated from control and vitamin E pretreated rats was 
carried out in presence of ascorbate (500pM) + FeSO, (20pM) to initiate non- 
enzymic lipid peroxidation.I6 After 60 min of incubation at 37”C, lipid peroxidation 
was measured by determining thiobarbiturate-reactive substances.” Free dolichol and 
dolichyl-P were extracted and analyzed as described. 

Generation of Oxygen-Derived Free Radicals 
The reaction of xanthine with xanthine-oxidase was used.” The reaction mixture 
contained 2mM xanthine, 100pM EDTA in 50mM phosphate buffer at pH 7.4, 0.5 
units xanthine-oxidase and 50 pg free dolichol or dolichyl-P standards. After 30 min 
incubation at 37”C, the residual amount of dolichol was assayed by HPLC. 

Protein Analysis 

Protein was determined by the method of Hartree19 with bovine serum albumin as 
standard. 
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270 M.A. PRONZATO ET AL. 

Statistical Evaluation 
The results of 4 to 8 sets experiments have been averaged and expressed as means +_ 
standard deviation (SD). The differences were calculated by Student’s t-test and were 
considered significant when the t-values corresponded to P c 0.01. 

Chemicals 
All chemicals were of reagent grade and were obtained from Merck AG, Darmstadt, 
FRG, and BDH Italia, Milan, Italy. Dolichol standards were purchased from Sigma 
Chemical Co. St. Louis USA. Internal standards (C125-free dolichol and C120- 
dolichyl-P) were kindly supplied from Prof. T. Chojnacki (Institute of Biochemistry 
and Biophysics, Polish Academy of Sciences, Warszawa, Poland). 5-(3H)- 
mevalonolactone (specific activity 38.8 Ci/mmol) was obtained from New England 
Nuclear, GmbH, Dreieich, FRG. 

RESULTS 

The levels and distribution of total dolichol in liver homogenate and in subcellular 
fractions obtained both from control and CC1,-treated rats 60’ min after intoxication 
are reported in Table 1. These results show that the subcellular fractions normally 
contain dolichol which is differently concentrated in each fraction. CCl, affects the 
levels of total dolichol both in whole homogenate and in subcellular fractions: the 
percentage of decrease is 39%, 32% and 54% in homogenate, cytosol and micro- 
somes, respectively. 

The time course of the total dolichol content in liver microsomes of CC1,-poisoned 
rats is shown in Table 2. The levels of microsomal dolichol decreased gradually after 
CCl, administration by the 27%, 36% and 54% at 15, 30, 60min, respectively. The 
normal levels of dolichyl-P represent about 45% of the total dolichol present in 
microsomes; these results are in agreement with other data reporting that rough and 
smooth endoplasmic reticulum are enriched in dolichyl-P which represents the 54% 
and the 36% of total dolichol.” The quantitative determination of both free-dolichol 
and dolichyl-P purified from microsomal extracts showed a significant rate of re- 
duction 60 min after CCI, intoxication (48% and 46%, respectively) (Table 3) .  

TABLE I 
Levels of total dolichol in liver homogenate and subcellular fractions from untreated and CCI,-treated rats 
60 min before sacrifice 

Fraction 

Total dolichol 

Control CCI, Decrease 
% 

Homogenate 304 45 185 k 27’ 39 

Microsomes 125 i 16 58 & 9* 54 
Cytosol 3 7 f  4 25 f 3* 32 

The values are expressed as ng total dolichol/mg protein and represent the mean f S.D. of 4 experi- 

P < 0.01 in comparison with control rats. 
ments. 
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LIVER DOLICHOLS IN CCL, POISONING 27 1 

TABLE 2 
Total dolichol content of rat liver microsomes at different times after CCI, administration to untreated rats 
or pretreated with vitamin E 15 h before sacrifice 

~~ ______ 

Time CCI, Decrease YO Vit E Vit E + Decrease YO 
cc1, 

Control 125 & 16 - 126 f 18 122 & 18 - 
5' 108 f 14 14 121 k 13 115 f 15 3 

10' 98 & 10 22 119 f 15 110 & 13 10 
15' 91 k 6* 27 123 & 21 107 _+ 15** 12 
3 0  80 f 12* 36 127 k 16 105 f 13** 14 
60' 58 k 9* 54 124 & 20 101 & IS** 17 

The data are expressed as ng total dolichol/mg protein and represent the mean f SD of 4-8 sets of 
experiments. 

* P < 0.01 in comparison with control rats. 
** P < 0.01 in comparison with CC1,-intoxicated rats at the same time. 

While only 3% of dolichyl-P is present in Golgi apparatus, this compartment has 
the highest content in total dolichol which is approximately 16-fold enriched with 
respect to microsomes (Table 4). 

CCI, affects the levels of total dolichol in Golgi area early with respect to micro- 
somes. In fact, the secretory fractions F1 and F2 showed a significant decrease of the 
levels of total dolichol already at 5 min after poisoning. The most marked decrease 
was present in both secretory (Fl ,  F2) and formative fractions at 15min (56%, 47%, 
28% in F1, F2, F3, respectively) (Table 5) .  

The decrease of dolichol levels in whole homogenate and in each investigated 
subcellular compartment suggests that the disappearance of these molecules is not 
dependent on an altered cellular distribution. 

The CCI,-induced effects on dolichol metabolism might be due to an impairment 
of the polyprenol synthetic pathway. To check whether the dolichol synthetized 
through the mevalonate pathway was affected by CCI,, isolated rat hepatocytes were 
incubated with [3H] mevalonate at different times after exposure to CCI,. The 
incorporation of the label in free dolichol and dolichyl-P extracted from the hepato- 
cyte microsomes was significantly lower than that observed in untreated cells within 
I5 and 60 min after CCI, treatment, and the most marked decrease was observed at 
60min both in free-dolichol(75%) and dolichyl-P (70%) (Figure 1). In order to verify 
the labelling pattern of each polyprenol unit, the position of the individual dolichols 

TABLE 3 
Free-dolichol and dolichyl-P content of rat liver microsomes 60 min after CCI, administration to untreated 
rats or pretreated with vitamin E 15h before sacrifice 

Treatment Free dolichol Decrease YO Dolichyl-P Decrease YO 

Control 61 & 8 - 56 f 7 - 
Vit E 60 f 10 I 1  54 & 9 3 
cc1, 35 f 5* 48 30 k 3* 46 
CCI, + Vit E 58 f 6** 13 50 & 5** 11 

The data are expressed as ng dolichol/mg protein and represent the mean f SD of 4-8 sets of experi- 
ments. 

* P < 0.01 in comparison with control rats. 
** P < 0.01 in comparison with CC1,-intoxicated rats. 
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272 M.A. PRONZATO ET AL. 

TABLE 4 
Enrichment of total dolichol levels in normal rat liver Golgi apparatus (GA) subfractions in comparison 
with microsomes 

Enrichment 

Microsomes 125 f 15 1 
GA F1 1565 _+ 316 63 
GA F2 1405 f 168 12 
GA F3 430 k 45 3 

experiments. 
The data are expressed as ng total doEchol/mg protein and represent the mean & SD of 4-8 sets of 

after CCl, intoxication and the radioactivity measured in the collected fractions have 
been compared (Figure 2). 

Evidence has been reported that through the stimulation of lipid peroxidation, CCl, 
strongly inactivates the galactosyl-transferase activity in the entire Golgi area and that 
the pre-treatment of rats with alpha-tocopherol prevents this CC1,-induced enzymatic 
change.' Therefore, groups of rats have been pretreated with vitamin E 15 h before 
poisoning. The increased antioxidant potential of liver membranes which follows the 
alpha-tocopherol treatment resulted in a good prevention of the CC1,-induced alter- 
ations of the levels of dolichol both in microsomes and in each Golgi fraction (Tables 
2 ,  3, 5) .  

Since vitamin E is able to prevent the prooxidant effect of CCl, without affecting 
the covalent binding of its metabolites to cell protein and lipid,".*' this finding 
indicates that lipid peroxidation could be the mechanism mainly responsible for the 
degradation of dolichol on the membranes of liver submicrosomal compartments. 

TABLE 5 
Total dolichol content of liver Golgi apparatus subfractions at different times after CCI, administration to 
untreated rats or pretreated with vitamin E 15h before sacrifice 

Time CCI, Decrease YO Vit E Vit E + CCI, Decrease YO 

FI 
Control 7565 f 37 - 7538 k 538 7590 f 415 - 

5' 6643 & 31* 12 7590 f 415 7384 f 412" 3 
1 0  5354 f 60* 29 7602 540 6891 k 442** 9 
15' 3351 f 30' 56 7530 f 427 5769 k 486** 24 

F2 
Control 1405 f. 168 1427 f 285 1421 f 137 - - 

5' 1191 f 145 16 1421 k 137 1345 f 139 4 
1 0  985 f 87* 30 1485 & 195 1211 k 105** 14 
15' 748 k 47* 47 1431 156 1107 f 85.' 21 

F3 
Control 430 k 45 - 441 & 43 435 & 38 - 

5' 396 f 82 8 420 k 39 405 & 52 4 
1 0  361 f 60 17 435 f 38 386 k 25 8 
15' 312 _+ 31* 28 430 f 51 360 f 30** 14 

The data are expressed as ng total dolichol/mg protein and represent the mean f SD of 4-8 sets of 
experiments. 

* P < 0.01 in comparison with control rats. 
** P < 0.01 in comparison with CC1,-intoxicated rats at the same time. 
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LIVER DOLICHOLS IN CCL, POISONING 273 

b 0 4 1  

I * 
1 ’  I 

Time of CCl4 poisoning (minutes) 
0 15 30 60 

FIGURE 1 
labeling of CCI,-treated isolated hepatocytes. 

hepatocyte microsomes after isolation in reversed phase HPLC. 

Distribution of radioactivity into free dolichol (A) and dolichyl-P (B) after [3H] mevalonate 

The cells were incubated for lominutes with the label. The individual fractions were taken from the 

The values are the mean of 4 experiments 5 SD and are expressed as cpm/mg protein. 
* P < 0.01 in comparison with control. 

In order to verify this possibility two different experimental models have been 
performed “in vitra”. Lipid peroxidation was initiated in the liver microsomes by the 
addition of ascorbate/Fe+ + and the amount of dolichol and dolichyl-P measured 
along with that of malondialdehyde formed. As shown in Table 6 the prooxidant 
effect of iron decreased by respectively 52% and 44% the recovery of both free-doli- 
chol and dolichyl-P. On the contrary, in the microsomes prepared from rats pre- 
treated with Vitamin E, where no lipid peroxidation was detectable, the disappearance 
of both the two forms of dolichol was greatly diminished. 

The susceptibility of the dolichol molecule to undergo radical attack is confirmed 
by experiments where 50 pg of pure free-dolichol or dolichyl-P were exposed to a free 
radical generating system consisting of xanthine and xanthine-oxidase. Following 
30min incubation the recovery from the system was decreased by about 60% for 
free-dolichol and 57% for dolichyl-P. 

DISCUSSION 

The results presented in this paper indicate that CCI, affects the liver metabolism of 
dolichol; this event may be involved, at least in part, in the impairment of glyco- 
sylation mechanisms both in endoplasmic reticulum and in Golgi apparatus, as 
previously reported.’-’ In fact, the levels of dolichol, particularly dolichyl-P, are 
considered rate-limiting for the synthesis of g lycopro te in~ ;~~ .~~  this explains why 
microsomes, with respect to whole liver, are enriched almost 10 fold in d o l i ~ h y l - P ~ ~  
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FIGURE 2 [3H] mevalonate labelling of free dolichol and dolichyl-P in microsomes of isolated hepatocy- 
tes. 

The experiments were performed as described in Figure I .  
The continuous curves give the position of the individual dolichol as obtained by 210nm recording of 

eluent and the staples denote the radioactivity measured in the collected fractions. The number above the 
peaks denote the numbers of isoprenes in the individual polyprenols. 

A = dolichyl-P in untreated cells (dol-P). 
B = dolichyl-P in hepatocytes 15 min after CC1, administration. 
C = free-dolichol in untreated cells (free-do]). 
D = free-dolichol in hepatocytes 15 min after CCl, administration. 

which provides both for the formation of the precursor oligosaccharide and for the 
sugar transport from the cytosol to the membranes of endoplasmic r e t i c u l ~ m . ~ ~ ~ ~ * ~ ~  

Furthermore, the high enrichment of free dolichol in Golgi apparatus suggests a 
role also for these membranes in the metabolism and functions of polyisoprenoids: 
several data indicate that Golgi membranes contain a specific dolichyl-P phosphatase 
which is able to modulate the levels of microsomal dolichyl-P.'0*2s On the other hand, 
a potential role has been postulated for free dolichol in controlling the fluidity and the 
permeability properties of  membrane^;^^-^* such effects may explain the involvement 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/0
8/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



LIVER DOLICHOLS IN CCL, POISONING 

TABLE 6 
Effect of ascorbate/Fe+ + on free dolichol and dolichyl-P levels of liver microsomes isolated from 
untreated and vit E pretreated rats 

1 Free-dolichol Dolichyl-P MDA 

275 

Vitamin E untreated rats 
Control 70.1 f 6.5 57.3 f 7.3 1.8 f 0.2 
Ascorbate/Fe+ + 36.4 f 5.1* 25.1 f 4.3. 17.7 f 3 

Control 69.8 6.0 58.2 f 7.2 2.1 f 0.3 
Ascorbate/Fe + + 58.3 f 6.1** 44.5 f 5.2** 2.5 f 0.4 

Lipid peroxidation was measured after 60 min incubation by determining the amount of malondial- 

The data are expressed as ng dolichol/mg protein and nmol aldehyde/mg protein and represent the 

Vitamin E pretreated rats 

dehyde (MDA) formed. 

mean f S.D. of 4 experiments. 
* P < 0.01 in comparison with control microsomes. 

** P < 0.01 in comparison with ascorbate/Fe+ + incubated microsomes. 

of these molecules in membrane movements between the Golgi region and the plasma 
membrane and in the glycosylation  reaction^.^'^^ 

The CC1,-induced changes in dolichol levels could be dependent on alterations 
either of the dolichol synthetic pathway or of their breakdown. In this report we have 
investigated the involvement of both the mechanisms. Mevalonate is a precursor of 
all isoprenoid compounds such as cholesterol and ubiquinone and it has been demon- 
strated that the biosynthesis of cholesterol and dolichol is regulated by independent 
 mechanism^.^^-^^ After hepatocyte incubation with CCl, the incorporation of the 
labelled precursor into both free-dolichol and dolichyl-P markedly decreased as the 
time of poisoning increased. However, the measurements of half lives of dolichol in 
liver cells generally give values between 80 and 118 h for free dolichol and 17 h for 
dolichyl-P;37 therefore the impairment of the synthetic process of isoprenoid com- 
pounds should result in a decrease of dolichol levels only after these times. Since a 
marked decrease of dolichol appeared in our experiments in a very short time after 
CCl, poisoning, it must be related mostly to a precocious oxidative degradation of 
these molecules. 

As mentioned before, the prevention of changes in dolichol levels afforded by the 
rat pretreatment with alpha-tocopherol indicates that CCl, acts through its prooxi- 
dant activity also within few min after poisoning. This is in agreement with other data 
showing that already 5 min after CC1,-intoxication evidence of lipid peroxidation is 
given by the appearance of the diene conjugation band.384 In our previous experi- 
ments the lipids of the three liver Golgi fractions obtained from CC1,-poisoned rats 
showed early the appearance of a diene conjugation band which disappeared, par- 
ticularly in the secretory Golgi membranes, after rat pretreatment with alpha- tocoph- 

Moreover, the involvement of lipid peroxidation in the mechanism of microsomal 
dolichol degradation was also supported by the significant decrease of both free 
dolichol and dolichyl-P in liver microsomes incubated with the prooxidant system 
ascorbate-Fe+ +. It is therefore possible that highly reactive peroxyl and alkoxyl 
radicals might react within the cellular membranes with dolichol causing alterations 
which did not allow measurement by HPLC. Consistently with the hypothesis that 
free radical attack produces a decrease in the measurable amount of dolichol is the 
finding that incubation of free dolichol and dolichyl-P with a free radical generating 
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276 M.A. PRONZATO ET AL. 

system similarly causes a 60% loss of both the molecules. According to Chojnacki and 
Dallner3’ the rates of dolichol turnover suggest the existence of breakdown pathways 
involved in the catabolism of these molecules; our results could support this possi- 
bility. 
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