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Induction of a cytochrome P-450-dependent monooxygenase system of mammalian liver microsomes by phenobarbital
takes place through intensification of de novo protein synthesis [1]. Accordingly, and in line with the principles of sound
nutrition, it has been correctly suggested that when the diet is deficient in essential components, the induction of this enzyme
system, as an adaptive response to the action of xenobiotics, that are inducers of phenobarbital type, may lead not only to a
redistribution of the flow of nutrients brought in with the diet, but also to the leakage of deficient essential components into the
liver from other organs and tissues, which may adversely affect the other functions of the body and thereby aggravate the
manifestations of nutritional polydeficiency.

To test this hypothesis experimentally we studied induction of the monooxygenase system and incorporation of radioac-
tive label from 2-14C-lysine- into microsomes and certain other fractions of liver homogenate in phenobarbital-treated rats
receiving a balanced diet or a diet deficient in three essential amino acids (lysine, methionine, and threonine) and vitamins A, C,
and E.

EXPERIMENTAL METHOD

Experiments were carried out on 16 growing male WAG rats weighing initially 40-60 g, increasing to 160-200 g at the
time of sacrifice. The animals, divided into two groups with eight rats in each group, were kept for the first 2 months on a
balanced diet (Group 1) or on a diet deficient in lysine, methionine, threonine, and vitamins A, C, and E (Group 2). The
composition of the diet was given previously [4]. In each group the animals were divided into two subgroups: the experimental
rats were given phenobarbital (PB; from "Merck," West Germany) for 3 days by intraperitoneal injection in a dose of 80 mg/kg,
as a sterile solution in 0.9% NaCl; control rats received injections of the solvent only. During the 24 h before the first injection
of PB, all the animals received intraperitoneal injections of 2-14C-lysine ("Izotop,” Leningrad), in a total dose of 80 uCi/100 g
body weight, divided into four fractions, injected at intervals of 4 h. The quantity of radioactive lysine injected was 180 times less
than the quantity needed to satisfy the daily requirement in the lysine-deficient animals of Group 2.

After the last injection of PB the animals were deprived of food and were decapitated 24 h later. The liver was perfused
with cold 0.9% NaCl and the microsomal fraction was isolated [6]. To determine the level of radioactivity in the microsomal
preparations, in the postmicrosomal supernatant, and in the cell residues after centrifugation of the liver homogenates at
10,000g, and in homogenates of the femoral muscle of the rats, aliquots of a suspension of the corresponding biomaterials
containing 4 mg protein were added to 2 ml of 10% TCA and filtered through nitrocellulose filters ("Synpor," Czechoslovakia),

Kazakh’ Branch, Institute of Nutrition, Academy of Medical Sciences of the USSR, Alma-Ata. Translated from Byulle-
ten’ Eksperimental’noi Biologii i Meditsiny, Vol. 111, No. 3, pp. 256-259, March, 1991. Original article submitted September 19,

1990.

316 0007-4888/91/0003-0316$12.50 ©1991 Plenum Publishing Corporation



TABLE 1. Effect of Nutritional Polydeficiency on Induction of Monooxygenase System of Liver Microsomes,
after Three Injections of PB into Rats in a Dose of 80 mg/kg (M = m)

: Group 1 Group 2
Parameter studied s 9
control treated with Pﬂ control  |treated with PB
p-Hydroxylase activity, nmoles reac-
tion product/min: _
per milligram protein 0,84+-0,03 1,384-0,04* 0,54+-0,02%* 1,27 40,04*
* (164,3) (235,2)
100 g body weight 77,7487 216,6:£9,7* 60,3+1,4 234,5+11,2*
per & Y g (278,8) (388,9)
N-demethylase activity, nmoles reac-
tion product/min .
i111 $ 4,184-0,17 11,024-0,36* 3,47+0,10%* 10,014-0,30*
per milligram protein (265.6) (288.5)
er 100 g body wei 385,94-47,8 1727,9+51,5% 392,94-32,6 1852,34-93,9*
P & v et (447,8) (471,4)
Content of cytochrome P-450, nmoles: .
per milligram protein 0,344-0,02 1,00-+-0,09* 0,254-0,05 1,054:0,08*
(204,1) (420,0)
per 100 g body weight ' 28,742,6 158,1417,2* 28,0449 193,64-12,2*%
(550,9) (691,4)
Content of cytochrome by, nmoles:
per milligram protein 0,36-0,03 0,214-0,02* 0,284-0,06 0,25+0,02
: (58,3) (89,3)
4 32,3+1,2 33,643,7 31,1448 45,84-1,9% **
t BESE X , , , , )
per 100 g body weigh = (103,7) (147.3)

Legend. Here and in Table 2: number in parentheses gives percentage of corresponding control; *p < 0.05
differences significant compared with corresponding control, **p < 0.5) compared with results obtained in
animals of Group 1, subjected to the corresponding treatment.

with a pore diameter of 0.6 um. The filters were washed with 5% TCA, dried, and covered with toluene scintillator, and
radioactivity was determined on a liquid scintillation counter (Nuclear Chicago, Mark II, USA). The level of radioactivity was
calculated per milligram protein, per gram tissue, and per 100 g body weight. To determine the level of radioactivity in the
blood, 0.2 ml of whole blood was added to 10 ml of Bray’s dioxan scintillator.

Parallel determinations of concentrations of protein and cytochromes P-450 and bs, and of amidopyrine-N-demethylase
and aniline-p-hydroxylase activity were undertaken in preparations of microsomes by methods described previously [4].

The results were subjected to statistical analysis by Student’s t-test.

EXPERIMENTAL RESULTS

Induction of the monooxygenase system by PB in animals deficient in essential amino acids and vitamins was much more
intensive than in animals with a balanced diet (Table 1). The content and activity of the microsomal enzymes in the induced
animals were independent of the character of the diet, except the concentration of cytochrome by calculated per 100 g body
weight, whereas in the control animals of Group 2, on a diet deficient in essential components, the p-hydroxylase and N-de-
methylase activity expressed per milligram protein was significantly lower than in the control animals of Group 1, kept on a
balanced diet. It was shown previously that this kind of nutritional polydeficiency leads to a significant decrease in nearly all
parameters of monooxygenase function, calculated both relative to microsomal protein and per 100 g body weight of the rats {3].
The result of this decrease in activity and content of enzymes oxidizing xenobiotics is considerable lengthening of the duration of
phenobarbital sleep in the rats of Group 2.

Attention had also to be paid to the fact that the difference in the degree of induction increased depending on the
character of the diet when activity and content of monooxygenases were calculated per 100 g body weight. This can be explained,
first, by the fact that in the induced rats of Group 2 the relative mass of the liver was 34.8% greater than in the control, whereas
in animals receiving a balanced diet, the increase was only 26.7% (Fig. 1). We obtained similar results previously [2].

It can be concluded from these data that the high level of induction of monooxygenases by PB against a background of
nutritional polydeficiency can be explained, on the one hand, by a Jowered basal level of functional activity of this enzyme system
and, on the other hand, by the greater degree of increase in the relative mass of the liver.
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Fig. 1. Effect of three injections of PB in a dose of 80 mg/kg in rats on differ-
ent diets, on content of microsomal protein and relative mass of liver in rats.
Unshaded columns — balanced diet; black columns — diet deficient in lysine,
methionine, threonine, and vitamins A, C, and E. 1) Content of microsomal
protein per gram liver; 2, 3) content of microsomal protein and mass of liver
per 100 g body weight respectively. Values of corresponding parameters for
control animals taken as 100%. Asterisks indicate values differing significantly
from control (p < 0.05).

It will be clear from the results in Table 2 that injection of PL into the rats of Group 1 caused an increase of 61.9% in
radioactivity compared with the control in the microsomal preparations, calculated per 100 g body weight. In the remaining
cases, this parameter did not differ from the control values. If PL was injected into the animals of Group 2, on a diet deficient
in amino acids and vitamins, the level of radioactivity increased significantly in all fractions of liver homogenate studied, when
calculated by different methods, with the exception of radioactivity in the residue after centrifugation of the liver homogenate at
10,000 g, calculated per gram of liver. In this case the degree of this increase rose successively, when calculated per gram of liver
and per 100 g body weight. The level of radioactivity in microsomal preparations of the induced rats of Group 2, calculated per
gram of liver and per 100 g body weight, and when calculated by all methods in the postmicrosomal supernatant, was significant-
ly higher (by 35-65%) than in the induced animals of Group 1.

The level of radioactivity in femoral muscle homogenates did not differ significantly depending on the character of the
diet or injection of PB (Table 2). The level of radioactivity in whole blood in the induced animals of both groups likewise did
not differ from the corresponding control values, although when PB was injected into rats with nutritional polydeficiency, it was
increased by a greater degree than in animals on a balanced diet. Incidentally, the level of radioactivity in the blood of the
induced animals of Group 2 was 54.7 higher (p < 0.02) than in the induced animals of Group 1 (Table 2).

It can be concluded from these results that induction of microsomal enzymes under the conditions of an inadequate
supply of certain essential dietary components leads to the mobilization of these factors in the liver from the other organs and
tissues in order to maintain the detoxicating function of this organ. Although in muscle homogenates after treatment with PB,
and against a background of nutritional polydeficiency, no reduction of radioactivity was observed, the excess of its level in the
whole blood of these animals over its level in the blood of the induced animals receiving a balanced diet may be a reflection of
transport of the deficient essential lysine into the liver.

Yet another piece of evidence in support of possible leakage of essential food components into the liver from other
organs and tissues in order to maintain the process of induction of microsomal enzymes is the fact that in the experimental
animals of Group 2, also deficient in vitamin A, after the second injection of PB, blood-stained incrustations appeared around
the eyes, evidence of the development of hypovitaminosis A, whereas in the control animals of this Group and all the animals of
Group 1 this was not observed. A similar phenomenon was described by Backes and co-workers [5] during induction by PB of a
monooxygenase system in the liver of rats on a diet deficient in vitamin A. In this case the content of cytochrome P-450 and
activity of xenobiotic-oxidizing enzymes reached the level observed in the induced animals receiving an adequate amount of
vitamin A. These investigators also concluded that vitamin A, essential for induction of microsomal monooxygenases, if deficient
in the diet, is mobilized from other organs and tissues, leading to intensification of the symptoms and signs of vitamin deficiency.

Thus the results of this investigation confirm the previous hypothesis [3, 4] that induction of monooxygenases of
mammalian liver microsomes depends to a considerable degree on the character of the diet. This dependence is evidently an
important property of the body, playing an important role in its adaptation to the external medium.
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TABLE 2. Effect of Nutritional Polydeficiency on Level of Radioactivity from 2-14C-Lysine Incorporated in
Fractions of Liver Homogenate, Homogenates of Femoral Muscle, and in Whole Blood of Rats Treated with

PB in Three Doses Each of 80 mg/kg

Group 1 (balanced diet)
Parameter studied :

Group 2 (diet deficient in lysine,
methionine, threonine, and vita-
mins A, C, and E)

treatment with treatment with
control phenobarbital control phenobarbital
Liver microsomes
per milligram protein 1084 3-96 1015+-82 863+122 1262+66*
(93,6) (145,4)
per gram liver 30 1573414 38 11(1182;%?%288 28 97045336 51 6071!?09*'**
R (178,1
per 100 g body weight 97 9508246 158 601110 964* 100 8464-13 842 233 311413 424%%*
(161,9) 231,4
Postmicrosomal supernatant of liver ( )
per milligram protein 908+106 895485 8001118 12694 108***
(98,6) (158,6)
per gram liver 93 658+10 386 88 7778394 8061211284 134 252414 235%**
(94,8) 166,5
per 100 g body weight 308 827439 473 369 528+31 173 278 146128 945 610 3511i7t)3 g8+
(119,6) (219,4)
Residue after centrifugation of
liver homogenate at 10,000g
per milligram protein 734483 7924139 58172 864 +36*
(107.,9) " (148,7)
per gram liver 110 801+12 635 110 13%3:_17 852 95 4464-13 546 126 256+-5899
. (99,4) 132,3
per 100 g body weight 365 86449 413 456 784469 896 334 9204-31 387 575 8é4j:61) 678*
(124,8) (171,9)
Homogenates of femoral muscle
per milligram protein 115423 133:+-18 150421 158-+24
(115,6) (105,3)
per gram liver 28 4145047 32 1304721 35 58145926 37 7984-5308
) ™ (113,1) (106,2)
Blood: : .
in 0.2 ml whole blood 46624498 49194364 6642727 76104-666%*
(108,5) (114,6)
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