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1. Introduction 

Induction of experimental porphyria in laboratory 
animals by administration of a fast-acting porphyrino- 
genic drug such as' AIA or DDC takes place only when 
the animal is in the fasting state. The administration 
of  various carbohydrates counteracts the porphyrino- 
genic effects of these drugs [1-3 ]. This phenomenon 
was termed the 'glucose effect' [2], in accordance 
with a similar effect of glucose on the synthesis of 
some bacterial enzymes [4]. In contrast to these ob- 
servations in vivo, no glucose effect could be elicited 
in vitro in monolayers of chick embryo liver cells 
([5 ], personal communications)and in suspensions of 
rat liver cells [6]. 

The aim of this study was to establish an in vitro 
model to investigate further the influence of fasting 
and the glucose effect on heme and porphyrin metab- 
olism. 

2. Materials and methods 

Suspensions of chick embryo liver cells were pre- 
pared according to [7]. The final pellets were resus- 
pended in 100 vol. modified Ham's F-12 with insulin, 
triiodothyronine and hydrocortisone [7]. Monolayers 
were prepared in 9 cm diameter plastic tissue culture 
dishes purchased from Nunclon (Roskilde), 9 ml of 
suspension in each dish. After 24 h incubation in 
humidified 95% air, 5% CO2 at 37°C, the medium was 

Abbreviations: ALAS, 6-aminolevulinate synthase; AIA, allyl- 
isopropylacetamide; DDC, 3,5-diethoxycarbonyl-l,4-dihydro- 
collidine; ALA, 6-aminolevulinic acid 
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replaced by 9 ml modified Earle's medium without 
glucose (MEBS). MEBS contained per liter: 0.2 g 
CaCI2, 0.4 g KC1, 0.2 g MgSO4 • 7 H20, 6.8 g NaC1, 
2.2 g NaHCO3, 0.14 g NaH2PO4 • H20, 1 mg insulin, 
1 mg triiodothyronine, 50/ag hydrocortisone, 100 000 
units penicillin and 100 units streptomycin. After 
30 rain incubation at 37°C, the medium was replaced 
by fresh MEBS, and the cultures were further incubated 
for various periods of time. The time of the second 
exchange of medium with MEBS was regarded as zero 
time. 

ALAS activity in the cells was determined by the 
direct method [8]. Porphyrins in the culture medium 
and in the cells were determined as in [5]. Heme was 
determined by the hot oxalic acid method [7,9]. Pro- 
teins were measured as in [10] with bovine serum 
albumin as standard. Statistical evaluations were made 
according to Student's t-test. 

3. Results 

A time curve of the activity of ALAS in monolayers 
of chick embryo liver cells incubated with Ham's F-12 
and hormones did not differ from that obtained under 
the same conditions but without glucose in the medium 
(not shown). 

Preliminary experiments showed that changing the 
medium with MEBS (modified Earle's medium, with- 
out glucose; section 2) caused a rapid rise in ALAS 
activity. Optimising the conditions for obtaining this 
effect it was found that a 'preincubation' with MEBS 
during 30 rain further increased ALAS activity. Pre- 
incubation in MEBS for 60 min or two 30 min prein- 
cubations with MEBS caused no further changes (not 
shown). 

Published by Elsevier Biomedical Press 
00145793/82/0000-0000/$02.75 © 1982 Federation of European Biochemical Societies 277 



Volume 138, number 2 FEBS LETTERS February 1982 

Z e ~  

4O- 

20~ 

TIME ~t'kx~) 

Fig.1. Effects of fasting on ALAS activity in monolayers of 
chick embryo liver cells. Monolayers of chick embryo liver 
cells were prepared and 'fasted' in MEBS for different periods 
of time at the end of which ALAS activity was determined 
(section 2). Control cells were handled as 'fasted' cells but 
the medium used was Ham's F-12. At each time point ALAS 
activity]mg protein of the control cells was considered as 
100%. The exchanges of medium did not significantly influ- 
ence ALAS activity in the control cells. The data shown are 
each the mean and SD obtained from 6 determinations in 
3 separate expt. 

Fig.1 shows the time course of  ALAS activity after 
2 exchanges with MEBS medium with a preincubation 
of  30 min after the 1st exchange. Maximal ALAS 
activity was twice that  of  control  cultures with Ham's 
F-12 09 < 0.001 ). This peak activity occurred generally 

4 h after the 2nd change of  medium. The decline in 
ALAS activity after 4 h is most probably related to a 
decreasing viability o f  the cells in MEBS as determined 
by  the t rypan blue exclusion test. After 24 h incuba- 
t ion in MEBS -,-50% of  the cell nuclei were stained. 

No significant change in the concentrations of  
either cellular porphyrins or heme could be detected 
during 6 h o f  'fasting' of  the monolayers (not shown). 

The effects of  addit ion of  glucose to MEBS and of  
porphyrinogenic drugs to MEBS, with and without  
glucose, are shown in table 1 and compared to their 
effects on cells incubated in Ham's F-12. 

The addit ion o f  glucose, 1 mg/ml (5.5 mM) to the 
MEBS prevented the increase in ALAS activity 
(p < 0.001), demonstrating a glucose effect in this 
system. 

The addition of  phenobarbitone up to 250 ttg[ml, 
did not  influence ALAS activity during 'fasting' 
(p < 0.1), i.e., incubation in MEBS. After 4 h incuba- 
t ion in the presence of  AIA the ALAS  activity of  cells 
with MEBS was twice that  of  cells incubated and 
induced in Ham's F-12 (p < 0.001), and nearly 6 times 
(p ~ 0.001) that  of  non-induced ceils grown in the 
lat ter  medium. Adding glucose to MEBS partially 
prevented the induction by  AIA but  ALAS activity 
was still clearly above that  o f  the values obtained with 
Ham's F-12 (/9 < 0.02). DDC, 15 #g[ml, in MEBS 
enhanced the ALAS activity above that  o f  DDC in 
Ham's F- 12 (p < 0.001) and glucose had an inhibitory 
effect on the induction (p < 0.001). Thus, a glucose 
effect was also observed in cells induced by AIA or 
DDC. 

Table 1 
The influence of fasting and of glucose on ALAS activity in non-induced and 

induced monolayers of chick embryo liver cells 

Media ALAS activity (nmol ALA. mg protein -~ . 30 min -1) 

Ham's F-12 MEBS MEBS + 1 mg/ml Glucose 

No addition 0.27 ± 0.05 0.55 ± 0.06 0.29 ± 0.04 
+Phenobarbitone 

(250 t~g/ml) 0.26 ± 0.05 0.45 -+ 0.05 0.27 +- 0.04 
+AIA (60 ~g/ml) 0.71 ± 0.16 1.54 ± 0.33 1.03 ± 0.27 
+DCC (15 ~g/ml) 0.70 -+ 0.10 0.96 ± 0.01 0.77 ± 0.09 

Monolayers of chick embryo liver cells were prepared as in section 2. After 24 h 
of incubation the medium, Ham's F-12 with hormones, was replaced by the various 
media shown. Following a preincubation period of 30 min the media were replaced 
with fresh ones as shown above. At this time the various substances outlined in 
the table were added to the cultures. After an additional 4 h incubation ALAS 
activity of the monolayers was examined. The data shown are each the mean and 
SD obtained from 8 determinations in 4 separate expt 
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4. Discussion 

Fasting is known to be a causative factor in acute 
attacks of  hepatic porphyrias in patients with latent 
porphyria [ 11-14].  A high glucose intake ameliorates 
the clinical and biochemical signs and symptoms of 
the acute attack in many patients [14-16].  A similar 
phenomenon, first described in rats was termed the 
'glucose effect' [2]. Subsequently, it was shown that 
other carbohydrates have also a marked effect on por- 
phyrin metabolism in humans with hepatic porphyria 
both in the latent phase and during attacks [12-17].  

Although the influence of fasting and the glucose 
effect were also obtained in rats [2] understanding of 
these phenomena was hampered by the lack of an in 
vitro model. To the best of our knowledge this is the 
first time that an in vitro model, demonstrating the 
effects of  fasting and of glucose on porphyrin metab- 
olism, is described. It was shown that ALAS activity 
in monolayers of  chick embryo liver cells is increased 
after a short incubation in a medium which does not 
contain substances commonly employed in biological 
media such as glucose, amino acids, vitamins and others. 
The addition of glucose to this medium prevents this 
increase, thus demonstrating the glucose effect. ALAS 
activity of 'starved' cells induced by AIA or DDC was 
higher than that of  induced cells in Ham's F-12. The 
glucose effect could also be demonstrated under these 
conditions. Phenobarbitone did not have a synergistic 
effect in the system. 

The demonstration of a glucose effect in an in 
vitro system has been attempted by deleting glucose 
from the incubation medium [5,6]. In view of the 
results obtained here, the various incubation media 
generally used for monolayers and suspensions of cells 
contain substances which have a glucose-like effect. 
Therefore, all previous in vitro investigations on per- 
turbations in porphyrin and heine metabolism were, 

probably, carried out under conditions which activated 
the glucose effect. 

In the simple in vitro system described here, the 
external milieu of the cells can be rigidly controlled. 
It would, therefore, seem to be eminently suitable for 
further investigating the influence of carbohydrates 
on porphyrin metabolism. 
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