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moles/l for K; (s=0.12), in both cases the correlation
coefficients of the regression lines being > 0.989.

The enzyme inhibition caused by III was also of the non-
competitive type (figure 3). The values calculated in this
case were 0.130x 1073 moles/l for K, (s=0.007) and
2.02x 1073 moles/l for K; (s=0.11), and r> 0.992. This
means that III inhibits about 4 times as strongly as L.

From these results obtained in vitro it can be seen that
silymarin components I-III clearly inhibit, depending on
concentration, the peroxidation of linoleic acid catalysed by
lipoxygenase. An analogous interaction with animal lipox-
ygenase and thus an inhibition of the peroxidation of the
FA in vivo is self-evident. It therefore appears that the
assumption that silymarin has a protective function for the
ML also holds true experimentally.

1 F. Fiebrich, Thesis, University of Vienna 1977.

2 H. Koch, Dt. ApothZtg 718, 1844 (1978); reported in part at
the Colloquium Pharmaceuticum in Miinster, 21st November
1978.

3 G.L. Plaa and H. Wiltschi, A. Rev. Pharmac. Toxic. 16, 125
(1976).

4 W.H. Kunau, Angew. Chem. 88, 97 (1976).

5 F. Fiebrich and H. Koch, Experientia 35, 1550 (1979).

6 M. Hamberg and B. Samuelsson, Biochem. biophys. Res.

Commun. 21, 531 (1965); J. biol. Chem. 242, 5329 (1967).

T.K. Shires, Lab. Invest. 38, 693 (1978).

G. Hahn, H.D. Lehmann, M. Kiirten, H. Uebel and G. Vogel,

Arzneimittel-Forsch. 18, 698 (1968).

9 G. Vogel, W. Trost, R. Braatz, K.P. Odenthal, G. Briisewitz,
H. Antweiler and R. Seeger, Arzneimitiel-Forsch. 25, 82, 179
(1975).

10 H.M. Rauen, H. Schriewer, U. Tegtbauer and J.F. Lasana,
Experientia 29, 1372 (1973); Arzneimittel-Forsch. 23, 145
(1973). - H. Schriewer and H. M. Rauen, Arzneimittel-Forsch.
26, 235 (1976).

11 A. Bindoli, L. Cavallini and N. Siliprandi, Epatologia 23, 219
(1977); Biochem. Pharmac. 26, 2405 (1977); Pharmac. Res.
Commun. /0, 133 (1978).

o0 ~2

Silymarin, an inhibitor of prostaglandin synthetase

F. Fiebrich! and H. Koch?

Experientia 35 (1979), Birkhduser Verlag, Basel (Schweiz)

12 E. Castigli, I. Mezzasoma, D. Marini and G. Porcellati, Annali.
Fac. Med. Chir. Univ. Perugia 67, 15 (1976). - E. Castigli,
1. Montanini, R. Robert and G. Porcellati, Pharmac. Res.
Commun. 9, 59 (1977). - 1. Montanini, E. Castigli, U.G.
Arienti and G. Porcellati, Farmaco, ed. sci., 32, 141 (1977).

13 H. Wagner, P. Diesel and M. Seitz, Arzneimittel-Forsch. 24,
466 (1974).

14 R. Braatz and C.C. Schneider, eds: Symposium on the Phar-
macodynamics of Silymarin, Urban & Schwarzenberg,
Miinchen 1976.

15 S. Bergstrom and R.T. Holman, Adv. Enzymol. 8, 425
(1948). - W. Franke and H. Frehse, in: Handbuch der Pflan-
zenphysiologie, vol.7, p.137. Ed. W. Ruhland. Springer Ver-
lag, Berlin 1957. - A.L. Tappel, in: The Enzymes, vol.7, p.275.
Ed. P.D. Boyer, H. Lardy and K. Myrbaeck. Academic Press,
New York 1963. - H.U. Bergmeyer, Methoden der enzyma-
tischen Analyse, 3rd edn, p.515. Verlag Chemie, Weinheim
1974. - T. Galliard, in: Recent Advances in the Chemistry and
Biochemistry of Plant Lipids, p.319. Ed. T. Galliard and E.L
Mercer. Academic Press, New York 1975.

16 E.K. Pistorius and B. Axelrod, J. biol. Chem. 249, 3183
(1974). - M. Roza and A Francke, Biochim. biophys. Acta
327,24 (1973). :

17 R. Reiser, J. Am. Oil Chemists Soc. 26, 116 (1949). - T. Ono
and F. Nagayama, Bull. Jap. Soc. Sci. Fisheries 23, 206, 211
(1957); 24, 853 (1959); 43, 49 (1957). - D.H. Nugteren,
Biochim. biophys. Acta 380, 299 (1975). - W. Halangk,
T. Schewe, C. Hiebsch and S. Rapoport, Acta biol. med,
german. 36, 405 (1976). - 1. Shahin, S. Grossmann and
B. Sredni, Biochim. biophys. Acta 529, 300 (1978).

18 S. Grossmann, A. Pinsky and Z. Goldweitz, Analyt. Biochem.
44, 642 (1971). - W.M. Verhue and A. Francke, Biochim.
biophys. Acta 284, 43 (1972). - J.P. Christopher, E.K. Pistorius
and B. Axelrod, Biochim. biophys. Acta 284, 54 (1972). - G.B.
Hurt and B. Axelrod, Plant Physiol. 59, 695 (1977).

19 M.S. Nelson, H.E. Pattee and J.A. Singleton, Lipids 72, 418
(1977).

20 We acknowledge the gift of the test compounds by
Dr K. Gérler from Dr Madaus, Cologne.

21 K. Surrey, Plant Physiol. 39, 65 (1964).

22 H. Lineweaver and D. Burk, J. Am. chem. Soc. 56, 658 (1934).

23 M. Dixon, Biochem. J. 55, 170 (1953).

24 L. Michaelis and M.L. Menten, Biochem. Z. 49, 333 (1913).

25 A.Toshio, J. Jap. biochem. Soc. 24, 129 (1952).

Vienna University Institute for Pharmaceutical Chemistry, Wihringer Strasse 10, A-1090 Vienna (Austria), 5 February 1979

Summary. Silybin (I), silydianin (II) and silychristin (III), the main constituents of silymarin, inhibit the formation of
prostaglandins in vitro. The inhibition is log-linearly dependent on the concentration of the effectors.

The antihepatotoxic effect® of silymarin is due, amongst
other things, to a particular ‘protective effect’ which the
active components of this natural substance? have on cer-
tain membrane lipoids®”’. In the preceding report’ we
show that these substances inhibit the activity of lipoxyge-
nase in a specific manner. We have already found a similar
inhibitory effect on vegetable peroxidases®.

Lipoid peroxidation®"?, which is increased by certain
hepatic toxins until clinical-pathological symptoms occur, is
closely linked to the formation of prostaglandins (PG).
There is a high degree of correlation between the
2 processes’. The primary substrate for the formation of
PG is formed by the polyunsaturated C20 fatty acids,
especially arachidonic acid, which are released from the
membranes by lipolysis!’. We were able to show that the
effect of arachidonic acid on lipoid peroxidation and PG

formation in individual organs depends directly exactly on
dosage!®. On the other hand, the inflammatory processes
that can occur in tissues and organs as a result of this and
similar pathogenic phenomena are linked to the formation
of PG'12, The inhibition of prostaglandin synthetase (PG
synthetase) by various corticosteroids'’®* and non-steroid
antiinflammatory medicaments!4!5, and the fact that in-
flammatory symptoms can be induced by the application of
exogenic PG %19, are conclusive indications of the involve-
ment of PG and its precursors in the inflammation process.
Investigation into the effect of substances I-III on the
formation of PG acquires particular significance because
various liver diseases are also accompanied by inflammato-
ry processes (hepatitis).

PG synthetase is a membrane bound enzyme complex. This
complex combines the properties of a phospholipase, a
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lipoxygenase, a peroxidase, a cyclooxygenase, a dehydroge-
nase and a reductase!'"'”. The enzyme preparation needed
for the experiments was produced from the fundi of rats’
stomachs using the method of Pace-Asciak and Wolfe'®.
Using chromatographic and mass spectrometric analysis of
the reaction products of arachidonic acid, we found that
PG of the types A, E and F was produced in the present
experimental arrangement (figure 11318,

Material and method. Test substances. Stable, water-solu-
ble, uniform TLC derivates of silybin (I), silydianin (II) and
silychristin (III) as Na salts of dihemisuccinates'®; solutions
of the effectors were prepared ad hoc in buffer I.

Substrate. 1-"“C arachidonic acid in benzene, sp. act.
50 mCi/mmole (Radiochemical Centre, Amersham); ‘cold’
arachidonic acid, concentration > 75% (GLC of the methyl
ester) (Merck-Schuchardt). 3 pl 1-'“C arachidonic acid,
15 pl ‘cold’ arachidonic acid and 2 pl acetone were used per
10 ml of experimental preparation.

Buffer!®, 50 mM phosphate buffer pH 7.4+ 20 mM EDTA
(buffer I). 50 mM phosphate buffer pH 7.4+20 mM
EDTA+5.7 mg hydroquinone+56 mg reduced gluta-
thione/1 (buffer II).

Experimental animals. Male SPF albino rats, breed OFA
(SD), from the Vienna University research institute for the
breeding of experimental animals (Himberg, Austria),
weight 200-250 g were used. Feeding was with standard dry
feed; 12 h before commencement of the experiment, feed-
ing of the animals was stopped. Water was given ad
libitum.

Equipment. Isocap 3000 liquid scintillation counter
(Nuclear, Chicago); model 7201 plate scanner (Hewlett-
Packard); Ultra-Turrax (Janke und Kunkel, Staufen i.Br.);
pH meter (Seibold, Vienna); Rotavapor (Biichi, Flawil,
Switzerland); d.c. equipment (Desaga, Heidelberg);
Varian-Matt 111 mass spectrometer (ionisation 80 eV, ion
source 300°C); HP-67 programmable electronic computer
(Hewlett-Packard), STD-03 programme.

Experimental method!®. The stomachs of 8 rats killed by a
blow on the neck were rapidly prepared, carefully cleaned
of any remaining fatty tissue and rinsed in ice-cold buffer I.
The fundi were separated from the pyloric parts, cut into
small pieces and homogenised for 1 min in 56 ml of ice-
cold buffer 1I. In each batch 7 ml of homogenate were
mixed with substrate and effector (3 ml) in the specified
concentrations (figure 2) (control samples: 3 ml buffer I)
and incubated for 30 min at 37°C. A moderate flow of O,
was introduced and the specimens shaken slightly. The
reaction was then stopped by the addition of 200 ml of
chloroform-methanol (2:1, v/v). A trace of BHT-antiox-
idant (butylated hydroxy toluene) prevented further oxyda-
tion during processing. The mixture was quickly filtered in
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a separating funnel, washed with 20 ml 0.03 M HCI and
dried at room temperature in a stream of N, (Rotavapor).
The residue was absorbed in 0.3 ml chloroform-methanol
and chromatographed on silica gel GF,s, finished plates
(Merck) (solvent: chloroform-methanol-glacial acetic acid,
18:1:1, v/v/v); R; values: PGF,, 0.05-0.10; PGE, 0.20-
0.25; PGA, 0.40-0.50; arachidonic acid 0.60. The sub-
stances were identified by mass spectra'® (methyl ester,
trimethylsilylether) of the eluted zones (figure 1). They
were detected using a spray reagent® consisting of 1 ml
anisaldehyde, 9 ml 95% ethanol and 1 ml concentrated
H,SO,

Evaluation. a) The d.c. plates were scanned and the activity
in the individual zones automatically recorded as an activi-
ty curve. The areas underneath the peaks were measured by
a planimeter. The total area was made equal to 100% and
the partial areas related to this value.

b) The coloured zones were scraped off, mixed with 15 ml
of scintillation liquid and the DPM counted. The total
activity was made equal to 100% and the activities of the
individual zones related to this value.

The total PG (2PG%) represents the percentage of sub-
strate converted by PG synthetase compared to the arachi-
donic acid used (=100%). The data obtained from 3-4
similar experiments were averaged (%) and SD calculated.
% (and in some instances s) were entered in a semilogarith-
mic grid against effector concentration (figure 2) and the
optimally fitted curve, the regression equations and correla-
tion coefficient (r) calculated.

Results and discussion. PG synthetase from the fundus of
rats” stomachs converts about 30% of arachidonic acid to
defined PG (figure 1). This formation of PG is significantly
inhibited by I, IT and III, depending on their concentration
(figure 2). The effective area ranges from about 0.001 up to
around 1 mM effector in the incubation medium. The
maximum concentration is predetermined in each case by
the solubility limit, whilst the lowest corresponds to that of
the lowest detectable inhibitory effect. Concentrations
below 0.001 mM show no significant effect in comparison
to the control samples.

The quantities of PG formed correlate log-linearly with the
actual effector concentration (figure 2). The following
regression equations (correlation coefficients) were deter-
mined:

I y=—-234-2331Inx (r=0.991)
I y=5.85-2.49Inx (r=0.979)
II: y=11.40-2.20In x (r=0.972)

Whereas I almost completely suppressed the formation of
PG at the highest concentration (0.3 mM), Il and III
reduced it in the most extreme case to about one third or

T mM

0.01 01
Effector substance
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one half of the unchecked production of PG respectively.
I thus proved to be the strongest inhibitor of PG synthesis
in vitro.

In the case of the partial destruction of membrane struc-
tures in the liver which occurs following organic diseases or
intoxications, increased quantities of C20 fatty acids are
released by lipolysis, which leads, amongst other things, to
the increased activity of PG synthetase. Silymarin can
counteract this deleterious process. The suppression of the
(pathological) decomposition of membrane lipoids together
with the inhibition of PG formation could provide a
plausible explanation for the way in which this hepatotrop-
ic complex functions.
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Causes of artificially high blood glucose values in experiments with diabetic rats and mice

M. Schreiber and F. H. Schmidt

Research. Laboratories, Boehringer Mannheim GmbH, Sandhofer Strasse 116, D-6800 Mannheim (Federal Republic of

Germany}, 20 March 1979

Summary. Unusually high blood sugar values may be caused by the slightest contamination of the blood obtained after
puncture of the tail vein by diabetic urine, that has dried onto the tails of the animals. This can be avoided by collecting
blood that is allowed to drip from the severed tip of the tail or by carefully cleaning the tail before puncturing the tail vein.

During the course of a long-term study with streptozotocin-
diabetic rats we noticed occasional blood sugar values that
were very much higher than the usual blood sugar values
for such animals and which also were not in accordance
with the corresponding glucose excretion in the 24-h urine.
In occasional cases, the values measured were more than
1200 mg/dl and thus markedly higher than the values given
in the literature for very severe streptozotocin diabetes in
the rat!

The hexokinase technique which was used for the glucose
determinations is regarded as the scientific reference
method and cannot be considered as the cause of the high
blood sugar values because of its very low variability>,
The ‘Capiletten’ (Labora Mannheim, Mannheim) that are
used in our laboratory have an accuracy of +1-2% and can
therefore aiso be excluded as a possible cause. Other
explanations, such as the chance coincidence of changed
eating habits, stress during blood collection, and obtaining
blood from different vascular areas, can be excluded
because of the size of the deviations. The only remaining

possibility was a volume displacement of the plasma space,
and this was the subject of our Ist investigations.

Materials and method. In experiment I, a series of blood
sugar values and haematocrit values were determined in
the same animals (Sprague-Dawley rats siv 50 SPF, Iwano-
va, Kisslegg). The blood collection was carried out on the
one hand by means of puncture of the tail vein with a steel
cannula followed by pipetting of 10 pl from the drops of
blood that developed on the tail, and on the other by the
almost simultancous cutting off of the extreme tip of the
tail (0.5-1 mm). The blood sugar determination was carried
out by means of the hexokinase G-6-PDH method (Gluco-
quant®, Boehringer) in a haemolysate (Hdmolyse-Reagenz,
Boehringer). The scatter of the blood sugar values was
determined in each group and was expressed as the coeffi-
cient of variation (table I).

In order to clarify the results obtained, streptozotocin-
diabetic rats were randomised into 2 groups of 10 in a 2nd
experiment (II). Before removing blood, the tails of the
animals in group A were carefully washed in water at body



