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It is shown that in a group of animals given dioctyl phthalate alone antipyrine me- 
tabolism is enhanced (the urine content of its metabolites rises), and the histological 
structure of the liver is altered by the end of the experiment: the plasmalemma mem- 
branes, the granular endoplasmic reticulum, and mitochondria are destroyed, and fat de- 
posits are observed in the disrupted zones of the mitochondria. In animals given dioctyl 
phthalate and adaptogens simultaneously antipyrine metabolism normalizes, and the mor- 
phological structure of the liver changes slightly, although it does not normalize. 
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Xenobiotics and drugs are metabolized in the liver 
by the multienzyme complex of cytochrome P-450. 
The functions of individual enzymes of this system 
have now been defined more clearly. It has been 
shown that reactions of antipyrine metabolism are 
catalyzed by 3 isoforms of cytochrome P-450 [1] 
(but predominantly by P-450 IAI) and amidopyrine 
metabolism by P-450 IIBI [3]. Some low-molecu- 
lar weight antibiotics (benzene, styrene, chlorinated 
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carbohydrates, vinylchlofide, and vinylbromide) are 
metabolized by the isoenzyme P-450 IIEI [9]. Lo- 
calization of some forms of the cytochrome in the 
hepatic lobule has been determined by immune as- 
say with special antibody kits. For instance, cyto- 
chrome P-450 IA is predominantly localized in the 
centrilobular zone and is absent in the periportal 
areas, while P-450 IIIA is heterogenously distributed 
over the acinus, and P-450 IIB and P-450 IIC9 are 
homogenously distributed over the acinus [14]. These 
findings indicate that local lesions of the liver can 
be caused by active metabolites of xenobiotics. The 
activity of cytochrome P-450-dependent enzymes is 
altered under the influence of xenobiotics, which in 
turn affects their toxicity resulting from the action 
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of their metabolites. Phenobarbital 
and 3,4-benzpyrene are generally 
recognized inducers of the enzy- 
mes, and SKF, 525 A, and carbon 
disulfide are their inhibitors [17]. 

Adaptogens of plant and ani- 
mal origin are now believed to 
play an impor tan t  role in the  
treatment and prophylaxis of many 
diseases. The preparation Unipan is 
an extract  f rom ginseng roots ,  
grown on a germanium-enriched 
medium. The preparation exerts an 
immunomodulat ing effect due to 
the induced production of endog- 
enous interferon [5]. MIGI-K,  a 
meat hydrolysate from Mytilidae, 
contains an entire complex of es- 
sential amino acids and an almost 
entire set of nonessential amino 
acids; it is rich in trace elements 
and polyunsaturated fatty acids. 
The preparation has an immuno-  
stimulating, anti- inflammatory,  and regenerative 
activity, and is used as a food supplement [4]. 

In our study we investigated the hepatoprotective 
effect of preparations from Mytilidae and ginseng in 
animals given dioctyl phthala te  (bis-2-ethylhe- 
xylphthalate, DOP). 

MATERIALS AND METHODS 

The experiments were carried out on 91 nonpedi-  
gree male rats. An oil solution of DOP (250 and 
50 mg/kg) was intragastrically injected daily dur- 
ing one week. 

Changes m the liver of rats caused by chronic 
injections of this ester of phthalic acid in a dose 
of 50 mg/kg  were shown ill our previous study 
[2]. More marked changes in the organ have been 
observed for doses of 200 and, notably, 1000 rag/ 
kg body weight [13]. M I G I - K  was intragastrically 
injected (0.2 ml per 100 g body weight) to ani- 
mals for a period of 2 weeks before intoxication 

Flg. 1. D y s t r o p h i c  c h a n g e s  of  h e p a t o c y t e s  a f t e r  i n j e c t i o n  o f  D O P  ( s e m i t h i n  
sec t ions ) .  C l u m p y  c y t o p l a s m ;  d e n s e  a r e a s  a l t e r n a t e  wi th  less  d e n s e  a reas  d e v o i d  
of  s t r u c t u r e s .  (oc. I0, obj.  40 VI). 

with DOP and during 4 weeks of intoxication. The 
preparation from ginseng, Unipan, was intragastri- 
cally injected in a dose of 0.1 ml per 100 g body 
weight. In the course of the experiment all the 
animals were divided into 9 groups: 17 intact rats 
served as the control, two groups, each comprising 
12 animals, received the preparations MIGI-K and 
Unipan alone, two groups received DOP alone in 
doses of 250 (11 rats) and 50 (7 rats) mg/kg body 
weight, and 4 groups of animals received DOP 
(250 mg/kg) + MIGI (13 rats), DOP (250 mg /  
kg) + Unipan (5 rats), DOP (50 mg/kg) + MIGI  
(7 rats), and DOP (50 mg/kg) + Unipan (7 rats). 
In all animals the functional state of the liver was 
studied using the antipyrine test, which gives an 
indication of the activity of microsomal oxidation 
in hepatocytes. Antipyrine was injected in a dose 
of 50 mg/kg, and urine was collected over 15 h 
for determination of antipyrme metabolites. Two of 
the  th ree  major  metabo l i t e s  of  an t ipy r ine  - 
norantipyrme and 4-hydroxyantipyline (4-HA) - 

TABLE 1. C o n t e n t  o f  T o t a l  a n d  F r e e  M e t a b o l i t e s  o f  A n t i p y r i n e  in t h e  Ur ine  of  Ra t s  G iven  T h e r a p e u t i c  P r e p a r a t i o n s ,  % of  
A d m i n i s t e r e d  D o s e  

Antipyrine metabolite Control MIGI-K Unipan 

Total metabolite: 
norantipyrine 5.9 -- 0.18 4.7 --0.37" 5.4--0.37 
4 - HA 7.9-----0.52 6.4~0.60" 6.3-----0.54* 

i i  !!!i :i ii !ii : ::::i!::ili!i! !::i:.!il i ~ i/~ ii~i 0 ~ 5 ~ 0 i 0 3 6 : 1 :  i i i ! i i0 i : :36~0 i0~ i : i : : :  
. . . . .  . . . . . . .  . . . . . . . . . . . .  ~ �9 , ~  

...... ........... : . . . .  . . . . . . . . . . .  4 : ~ : H ~ : : : :  : : : .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . .  ; : ,  i i O ; ~ 6 •  032::::::i : : : :  : : : 0 ~ i ~ 0 : : 0 5 ! i : : :  : i l .  : i : : : : : : : 0 : 3 ~ : - 0 , 0 3 3  . : 

Note .  H e r e  a n d  in Tab le  2 an  a s t e r i s k  d e n o t e s  re l i ab le  differe Ices vs. t he  con t ro l  (p<0.0S). 
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RESULTS 

Fig. 2. "Dark" and "light" hepatocytes following administration of DOP + MIGI 
(semithin sections). (Oc. 10, obj. 40 V'I). 

were assayed in the urine. In health 39.7% of 4- 
HA, 14.5% of norantipyrine,  and 3.3% of un- 
changed antipyrine are excreted with the urine in 
humans [6]. Total and free metabolites were de- 
termined by the method  of thin-layer chromatog- 
raphy on Silufol plates (Czechoslovakia). One ani- 
mal from each group was sacrificed for morphologi- 
cal investigation of the liver. Only pronounced 
changes in the liver for injections of DOP in a dose 
of 250 mg/kg and for its injection in combination 
with MIGI-K are described in this paper. For elec- 
tron-microscopic examination the liver tissue was 
fixed in 2% glutaraldehyde, postfixed in 1% osmium 
tetroxide, dehydrated in ethanol, and embedded in 
Araldite. The tissue samples and the zones for elec- 
tron-microscopic study were chosen using one-mi- 
cron (semithin) sections routinely stained with me- 
thylene blue. Ultrathin sections obtained on a UKV- 
III ul tramicrotome were contrasted with uranyl 
acetate and lead citrate after Reynolds and exam- 
ined under  a JEM-120 EX electron microscope 
(acceleration voltage 80 kV). The object was pho- 
tographed at magnifications from 5000 to 50,000. 

Table 1 shows tha t  the content of 
total, as well as free, metabolites 
in the urine reliably dropped after 
the injection of the preparat ion 
from Mytilidae. After the treat- 
men t  wi th  Un ipan  a t e n d e n c y  
toward a decrease of the content  
of metabolites was noted, and for 
4 -HA and free metabol i tes  the 
difference was also statistically re- 
liable. These findings suggest that 
both preparations (but MIGI  to a 
greater degree) have an antioxi- 
dant activity, reducing the inten- 
sity of metabolism predominant ly  
in its first phase. 

The parameters of  antipyrine 
metabol ism in animals 4 weeks 
after injection of DOP are pre- 
sented in Table 2. 

As is seen from Table 2, for the dose of 50 
mg/kg a reliable difference from the control  was 
observed only for free 4-HA, whose content in the 
urine increased. For the dose of 250 mg/kg a re- 
liable increase in the urine content  of  both total 
metabolites and an almost 3-fold increase in the 
content of free 4-HA were noted. An increased 
urine content  of antipyrine metabolites provides 
evidence that enzymes metabolizing the preparation 
are activated under the influence of DOP. 

Table 3 shows the results of experiments when 
M I G I - K  and Unipan were injected to animals 
against the background of poisoning with both do- 
ses of DOP. 

Comparison of the data from Table 3 with the 
results shown in Tables 1 and 2 invites the con- 
clusion that both  preparat ions adminis te red  in 
combination with DOP, especially in a dose of 
250 mg/kg, exert a marked normalizing effect. 

Morphological  analysis of semithin sections 
showed that pronounced changes occur in the liver 
of animals. In  rats given DOP alone an uneven 
distribution of hepatocytes is characteristic of the 

TABLE 2. Content of Total and Free Metabolites of Antipyrine in the Urine of Rats Following Intragastric Injection of DOP, % 
of Administered Dose 

A n t i p y r i n e  m e t a b o l i t e  C o n t r o l  M I G I - K  U n i p a n  

To ta l  m e t a b o l i t e :  
n o r a n t i p y r i n e  5 .9 •  6.6---0.42 13.1 - 1.55" 
4 - -  HA 7.9"4-0.52 9 .2•  1.65 17.4-----2.0" 

Fre~ metab6 t i t~ :  ........................................................................................................................ I .............................................................. [ ......................................... [ i i  
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liver. The majority of hepato- 
cytes have a c lumpy cyto- 
plasm, dense areas alternating 
with less dense areas devoid 
of structures (Fig. 1). A nor- 
mal size, a homogenous struc- 
ture,  and 2-3 nucleol i  are 
typical of hepatocyte nuclei. In 
individual ceils the nucleus is 
greatly diminished and con- 
densed. The vascular bed of 
the liver (sinusoids) looks like 
narrow slits containing soli- 
tary erythrocytes. A few Kupf- 
fer cells are encountered along 
the sinusoids. 

In rats given M I G I  + 
DOP in a dose of 250 mg/  
kg changes in the liver are 
also markedly pronounced. A 
moderate enlargement of si- 
nusoids, the lumen of which 
is filled wi th  erythrocytes,  
and a c lear -cut  division of 
hepatocytes into "dark" and 

Fig. 3. D O P - i n d u c e d  u l t r a s t r u c t u r a l  changes  in h e p a t o c y t e s .  Pe r inuc l ea r  zone of 
hepatocyte.  Destruction of membranes of granular endoplasmic reticulum and mitochondria. 
x15,000.  

"light" cells are worthy of note  (Fig. 2). The 
structure of  the "dark" cells is undetectable due to 
the density of  the cytoplasm. In the "light" cells 
dense mitochondria  are clearly seen against the 
background of  the optically translucent cytoplasm. 
The structure and the size of the nuclei of the 
majority of  hepatocytes are similar irrespective of 
the density of  the cytoplasm. 

Electron-microscopic investigation of the liver 
samples revealed changes in the intraceUular struc- 
tures of hepatocytes, which reflected their response 
to the experimental treatment. The effect of DOP 
in many hepatocytes manifested itself in destruc- 
t ion of the membranes;  as a result, in some cell 
areas the granular endoplasmic reticulum preserved 
its shape only due to the ordered distribution of 
ribosomes. Many canaliculi of the granular endo- 

plasmic reticulum are enlarged and are found near 
mitochondria.  A high density of the matrix and 
barely distinguishable solitary cristae are typical of 
the latter. In some mitochondria considerable ar- 
eas are destroyed and replaced with fat (Fig. 3). 
The nuc le i  of such ceils do not  exhibit any 
changes. Solitary lysosomes and peroxisomes with 
a typical structure, well preserved microtubules, 
and, sometimes, considerable amounts of free "ri- 
bosomes are present in some hepatocytes. 

As in semithin sections, "dark" and "light" 
hepatocytes are clearly seen in electron micropho- 
tographs derived f rom animals  given DOP + 
MIGI  (Fig. 4). They may be located in close 
proximity, preserving the contacts typical of nor- 
real hepatocytes. Light cells exhibit various degree 
of edema. Sizable areas of their cytoplasm may be 

T o t a l  m e t a b o l i t e :  
n o r a n t i p y r i n e  
4 - -  H A  

MIGI-K 

D O P ,  50 m g / k g  

6 . 8 5 •  
7 .14--0 .38  

D O P ,  250 m g / k g  

6.7• 
9 .0•  

D O P ,  50 m g / k g  

6 . 4 •  
7 . 8 •  

........................................... ~ o r a i a ~ p ~ t ~  ...................................... 1072! .. ! iii !::0:53• .............. i : i::::!0~i~• ~i:: i. 0 . ~ 0 ! 0 5  i i 

Note.  Reliability of differences (p<0.05) from the control  and from the group of rats poisoned with the corresponding dose of 
DOP is deno ted  b y  one and two asterisks, respectively.  

U n i p a n  

D O P ,  250 m g / k g  

8.7-----1.17"* 
8.8• 

A n t i p y r i n e  m e t a b o l i t e  

TABLE 3. Conten t  of Total and  Free Metaboli tes of Antipyrine in the Urine of Rats for Administrat ion of DOP in Combinat ion 
with the P repa ra t ions  M I G I - K  and Uni3an  
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Fig. 4. Ut t ras t ruc tu ra l  changes  in hepa tocy t e s  under  the  in f luence  of DOP + MIGI. 
Boundary of "dark" and "light" hepatocytes ,  x8000. 

almost entirely devoid of organelles, their place 
being occupied by just a small amount  of floccular 
detritus. 

However, the plasma membrane is preserved, 
and neoplasms directed toward the lumen of the 
bile capillary are formed at the cell surface near 
the biliary pole. Solitary lysosomes with different 
contents, including a microtubule, may occupy this 
zone of  the cell. "Dark" hepatocytes exhibit a 
nonuniform distribution of organelles: zones with 
a compact  dis.tribution of the elements of endo- 
plasmic ret iculum and mitochondria predominate. 
Rather numerous  lysosomes in different stages of  
formation, as well as peroxisomes with the typical 
structure, are characteristic of "dark" hepatocytes. 
As in the "hght" (edematous) cells, the plasma 
membrane  and the membranes  of  many mi to-  
chondria are preserved. 

Our fimdings demonstrate that DOP alone, as 
well as in combination with MIGI,  causes dystro- 
phy of the liver in rats. In the group of animals 
given DOP alone the major toxic effect of the 
preparation manifests itself in destruction of the 
cell membranes.  This relates not  only to the plas- 
ma lemma ,  but  also to the membranes  of the 
granular endoplasmic reticulum and mitochondria. 
Destroyed zones of mitochondria are replaced with 
fat. The effect of D 0 P  against the background of 
injections of MIGI manifests itself in a different 
manner. Membrane destruction is less pronounced, 

and fat deposits are not ob- 
served near  destroyed mito-  
chondria. A pronounced edema 
of some hepatocytes is noted. 
This may be due, on the one 
hand, to a moderate enlarge- 
men t  of sinusoids associated 
with a change in the local  
hemodynamics  and,  on the  
other, to an increased perme- 
ability of the hepatocyte plas- 
malemma.  A manifest regen- 
eration was not noted in ei- 
ther series of the experiment. 

Thus, our study corrobo- 
rated the hepatotropic  toxic 
effect of DOP, manifesting it- 
self in an increased activity of 
cytochrome P-450-dependent  
enzymes, as well as in dystro- 
phic changes of hepatocytes, 
notably of their membranes.  
Fat deposi t ion  in the cells, 
which is characteristic of the 
effect of typical hepatotropic 

poisons (carbon tetrachloride, trinitrotoluene, etc.) 
and which was not  observed by us for DOP in a 
dose of 50 mg/kg  [2], was noted.  

Injection of the preparation from Mytilidae 
and ginseng lowered the induced activity of cyto- 
chrome P-450-dependent  enzymes, evidence of 
which was suppression of  antipyrine metabohsm 
and a decrease in the content of metabolites to the 
control level. However, the morphological picture 
of the liver did not  normahze;  it altered only 
under the influence of adaptogens: the destruction 
of membranes diminished, and fat deposition was 
not  observed, but edema of  hepatocytes and the 
phenomenon of so-called "light" and "dark" hepa- 
tocytes were noted. 

The mechamsm of this effect is not entirely 
clear. Primary metabohtes (mono-2-ethylhexylphtha- 
late and 2-ethyLhexanone), which are formed in the 
intestine during hydrolysis of DOP by pancreatic 
hpase [11], are beheved to be responsible for the 
effect of DOP upon  the enzyme system of the 
liver [16]. Their further metabohsm occurs in the 
liver via co- and (co-1)-oxidation to acids, alcohols, 
and ketones and R-oxidation of the latter [7]. In 
humans the derivatives of glucuronide monophthalate 
are the major metabohtes [8]. Evidently, MIGI-K 
and the ginseng extract reduce the oxidative pro- 
cesses in hepatocytes, including the activity of P- 
450-dependent oxidases, this leading to suppression 
of antipyrine metabolism. However, the formation 
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of free radicals and lipid peroxidation is only one 
mechanism of the hepatotoxic effect of xenobiotics. 
Some researchers [10] regard a disturbance of glu- 
tathione metabolism, leading to modification of the 
protein thiol residues and destruction of the cell 
cytoskeleton and intracellular calcium metabolism, 
as the primary component of toxic damage to the 
liver [15]. It has been shown that phthalates cause 
interruption of the energy-dependent processes in 
the hepatocyte mitochondria and suppression of 
succinate dehydrogenase activity [12]. 

EvidentIy, the adaptogens in question do not 
exert their effect upon all mechanisms of phtha- 
late-induced toxic damage to the liver, and their 
protective effect is only partial. 
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