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SUMMARY

FiscHER, PETER W. F., STEPHENS, JANET K. & MARKS, G. S. (1978) Effect of
varying the insulin to glucagon ratio on porphyrin biosynthesis in chick embryo liver

cells. Mol. Pharmacol., 14, 717-721

Allylisopropylacetamide-induced porphyrin accumulation in chick embryo liver cells
depends upon the insulin to glucagon ratio. A low level of porphyrin accumulation occurs
at insulin to glucagon ratios similar to those found following glucose administration in
vivo, suggesting a possible explanation for the therapeutic effect of glucose in hepatic

porphyria.

INTRODUCTION

The administration of glucose in vivo has
been shown to inhibit the induction by
allylisopropylacetamide of §-aminolevulinic
acid synthetase (EC 2.3.1.37) in both rat
liver (1) and 17-day-old chick embryo liver
(2). Such findings have led to the use of
high-carbohydrate diets to suppress acute
attacks of hepatic porphyria in humans
(3-5). However, several workers have failed
to demonstrate a glucose effect on drug-
induced d-aminolevulinic acid synthetase
activity in vitro (6-8). As the secretion of
insulin and glucagon is closely related to
the level of blood glucose (9, 10), our objec-
tive was to investigate the effects of a range
of insulin to glucagon molar ratios on AIA'-
induced porphyrin biosynthesis in chick
embryo liver cells maintained in serum-free
culture medium.

Glucagon (bovine and porcine pancreas)
and insulin (bovine pancreas, 24 IU/mg)
were obtained from Sigma. Chick embryo
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! The abbreviation used is: AIA, allylisopropylace-
tamide.

liver cells were maintained in serum-free
Waymouth MD 705/1 medium (5 ml) con-
taining 1 ug/ml of thyroxine (11-13). Insulin
was dissolved in acidified 0.15 M NaCl (pH
4), and glucagon, in alkaline 0.15 M NaCl
(pH 9). Ten microliters of insulin solution,
glucagon solution, or both were present
during both 24-hr incubation periods. AIA
(15 pg) was dissolved in 10 ul of 95% redis-
tilled ethanol and was added during the
second incubation period only. Porphyrins
were assayed as previously described (12).

Glucagon enhanced AIA-induced por-
phyrin biosynthesis in chick embryo liver
cells maintained in serum-free medium sup-
plemented with thyroxine, but no other
hormones. The maximal stimulatory effect
of glucagon occurred at 30 ng/ml (Fig. 1).
Insulin was less effective than glucagon
(Fig. 2); neither hormone affected por-
phyrin biosynthesis in the absence of AIA.
The addition of insulin but not of glucagon
resulted in a small but significant increase
of the protein content of the cells attached
to the dish.

The effects of varying the insulin to glu-
cagon ratio on AIA-induced porphyrin bio-
synthesis in chick embryo liver cells main-
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F1G. 1. Porphyrin accumulation by chick embryo liver cells in response to increasing doses of glucagon
Cells were maintained in Waymouth MD 705/1 medium supplemented with thyroxine (1 ug/ml) in the

presence (A) and absence (@) of AIA, 3 ug/ml of medium. Each point represents the mean + standard error of
eight determinations.
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F1G. 2. Porphyrin accumulation in response to increasing doses of insulin

@, in the presence of AIA, 3 pg/ml; O, in the presence of AIA, 3 pg/ml, and glucagon, 1 ng/ml; A, in the
presence of AIA, 3 ug/ml, and glucagon, 3 ng/ml; A, in the presence of AIA, 3 ug/ml, and glucagon, 30 ng/ml.
Each point represents the mean + standard error of four to eight determinations.

* Significant difference (p < 0.05) in porphyrin accumulation between cells maintained in the presence of
AIA and both hormones and those maintained in the presence of AIA and glucagon.
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tained in serum-free medium containing
thyroxine was explored. The response to
increasing concentrations of insulin in the
presence of 3 pug/ml of AIA and in the
presence of constant amounts of glucagon
(1, 3, and 30 ng/ml) is shown in Fig. 2. In
the presence of glucagon at 1 ng/ml, por-
phyrin accumulation in response to AIA
increased as insulin levels were increased
from 0 to 10 ng/ml. At higher concentra-
tions of insulin (30-100 ng/ml), porphyrin
accumulation decreased to levels similar to
those observed in the absence of insulin.
Increasing insulin concentrations to 30
ng/ml in the presence of 3 ng/ml of gluca-
gon resulted in an increase in porphyrin
accumulation by AIA compared with that
in the absence of insulin. Increasing insulin
concentrations further (100-1000 ng/ml)
depressed porphyrin accumulation com-
pared with that in the presence of glucagon
(3 ng/ml) alone. AIA-induced porphyrin
accumulation in the presence of 30 ng/ml
of glucagon and 30 ng/ml of insulin was
higher than that in the presence of glucagon
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(100-1000 ng/ml) levels in the presence of
glucagon (30 ng/ml) decreased AIA-in-
duced porphyrin biosynthesis. At 1000
ng/ml of insulin, porphyrin accumulation
was lower than in the presence of glucagon
(30 ng/ml) alone.

Previous workers (9, 10) have determined
plasma insulin to glucagon molar ratios in
humans following deprivation of food,
ingestion of a balanced meal, and glucose
administration (oral and intravenous). The
results shown in Fig. 2 were therefore re-
plotted (Fig. 3) as insulin to glucagon molar
ratios to facilitate comparison with pre-
vious work (9, 10). The molar ratios were
calculated using the formula [insulin (mi-
crounits per milliliter)/glucagon (pico-
grams per milliliter)] X 23.3 (9). Insulin to
glucagon molar ratios of 0.4-1.6, where por-
phyrin biosynthesis was either maximal or
increasing, correspond to those found in
human plasma following deprivation of
food (9, 10). An insulin to glucagon molar
ratio of 3.8, where porphyrin biosynthesis
was maximal or beginning to decrease, cor-

(30 ng/ml) alone. Increasing insulin responds to that found in humans following
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F1G. 3. Porphyrin accumulation in response to AIA (3 pg/ml) and to increasing insulin to glucagon molar
ratios in the presence of a constant glucagon concentration
O, glucagon, 1 ng/ml; A, 3 ng/ml; A, 30 ng/ml. Each point represents the mean + standard error of four to

eight determinations.
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ingestion of a balanced meal (9, 10). Insulin
to glucagon molar ratios of 16-18, where
porphyrin accumulation was markedly de-
pressed, correspond to those found in hu-
mans following intravenous glucose admin-
istration. Insulin to glucagon molar ratios
greater than 18 correspond to those found
in humans following ingestion of a high-
carbohydrate meal (10) and resulted in
marked depression of AIA-induced por-
phyrin accumulation.

Glucagon and insulin are believed to play
an important role in the control of liver
metabolism, since the pancreas releases
these hormones into the hepatic portal sys-
tem (14). Glucagon activates hepatic ade-
nylate cyclase, thereby increasing the liver
content of cyclic 3',5'-AMP (14-16). Insulin
does not lower the basal level of cyclic AMP
within the hepatocyte but antagonizes the
glucagon-mediated cyclic AMP elevation
(14-16).

Cyclic AMP is essential for the induction
of §-aminolevulinic acid synthetase by AIA
in isolated rat hepatocytes (6) and enhances
AJA-induced porphyrin biosynthesis in
chick embryo liver cell culture (17). It has
been suggested that the effects of glucose
administration in vivo on drug-induced é-
aminolevulinic acid synthetase activity are
related to elevation of insulin and reduction
of glucagon levels in blood, with a concom-
itant decrease in hepatic cyclic AMP levels
(6). The ascending limbs of the curves in
Figs. 2 and 3 may be attributed to the fact
that insulin exerts at least two effects in the
chick embryo liver cells. Insulin, when
added to cells in the absence of glucagon,
has a small stimulatory effect on AIA-in-
duced porphyrin biosynthesis, which may
be due to its ability to maintain ribosomal
integrity (18). Thus it is not surprising that
an additive stimulatory effect of insulin and
glucagon might be observed at low insulin
to glucagon ratios and thus explain the
ascending limbs of the curves (Figs. 2 and
3). When the insulin concentration and in-
sulin to glucagon ratio rise, the stimulatory
effect of insulin on AIA-induced porphyrin
biosynthesis is counteracted by the antag-
onistic effect on the glucagon-mediated rise
in cyclic AMP levels.

We have shown that AIA-induced por-

SHORT COMMUNICATION

phyrin biosynthesis in chick embryo liver
cells is highest at low insulin to glucagon
molar ratios (2-6), while it is depressed at
higher ratios (greater than 16). At insulin
to glucagon molar ratios less than 6, hepatic
cyclic AMP levels are maximally elevated
in rats (15), while at ratios greater than 16,
cyclic AMP levels are depressed (15).
Therefore the ratio of these two hormones
and their control of hepatic cyclic AMP
levels may offer a rational explanation for
the glucose repression of drug-induced &-
aminolevulinic acid synthetase in labora-
tory animals in vivo (1, 2) and fo: the
therapeutic effect of a high-carbohydrate
diet in patients with hereditary hepatic por-
phyria (3-5).
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