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Summary

The mechanism for the ability of pharmaceutical-grade plant long-chain isoprenoid alcohols (polyprenols) to improve liver 
function was investigated in a carbon tetrachloride animal model of liver damage. The pharmaceutical-grade polyprenol 
substance, Ropren®, was compared with a commonly used phospholipid substance, Essentiale Forte, for 21 days of treat-
ment. The condition of hepatic cells and cellular membranes was investigated using electron and light microscopy. The 
study showed Ropren® restored liver function and morphology as soon as day 7–14 of treatment, an eff ect that was faster 
than improvement after treatment with Essentiale Forte. Similarly, levels of glycogen in the liver were restored faster after 
treatment with Ropren® than Essential Forte. Measurement of the activity of the membrane-bound enzymes, monoamine 
oxidase (MAO) and butyrylcholinesterase (BuChE) also showed Ropren® improved liver function by improving cellular 
membrane and mitochondrial membrane function. To our knowledge, these results show for the fi rst time a mechanism 
of the stabilisation of cellular membranes after treatment with Ropren® along with improvements in liver enzymes. These 
functional improvements occur faster than Essentiale Forte, a commonly used hepatoprotector.
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 Introduction

Th e carbon tetrachloride (CCl4) animal model of toxic 
liver damage leads to damage of plasma and intracellu-
lar membranes of hepatic cells and a loss of functional 
activity (Bezborodkina et al. 2008). Th e CCl4 model 
offers an opportunity to study the ability of thera-
peutic substances to protect hepatic membranes and 
restore or partially restore the function of the liver. 
Th is includes ability of substances (or their endoge-
nous analogues) to protect membranes, improve the 
architecture of disrupted membrane and/or regenerate 
damaged membranes.

In mammals, the endogenous long-chain isoprenoid 
alcohol is dolichol, a polyprenol present in almost all 
tissues as either a free alcohol or phosphorylated and/
or esterifi ed with fatty acid compounds. Dolichols are 
located inside the phospholipid bilayer of membranes. 
Th eir movement and distribution varies depending on 
the geometry of the membrane (Chojnacki et al 1988; 

Chojnacki et al. 2001), but they determine and modify 
fl uidity, stability and permeability of membranes (Ku-
rup and Kurrup, 2003). As a component of membranes, 
dolichols (free or bound with fatty acids) are present 
in high concentrations in the Golgi apparatus, where 
they can increase the fl uidity and permeability of mem-
branes, regulate transformation of glycoproteins and 
their secretion –  the levels of dolichol in Golgi are mark-
edly aff ected by CCl4 treatment (Pronzato et al. 1990).

As the plant analogue of dolichol, long-chain iso-
prenoid alcohols (polyprenols) are also involved in 
membrane structure (Valtersson et al 1985; Khidrova 
and Shakhidoyatov, 2002; Janas et al 2000; Surmacz and 
Swiezewska, 2011) and can change membrane fl uidity 
and permeability (Ciepichal et al. 2011). Although these 
plant isoprenoid alcohols are known to improve liver 
function, the objective of this study was to directly look 
at the mechanism of action by examining the ability 

*  Иллюстрации 2 и 3 – 
на цветной вклейке 
в журнал
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of a plant polyprenol to restore hepatic cellular mem-
branes, functional activity and mitochondria in the 
CCl4 rat model of toxic liver damage.

To fulfil this objective, we used a pharmaceuti-
cal-grade form of long-chain isoprenoid alcohols (poly-
prenols) from conifers that is registered for clinical use 
in Russia as a hepatoprotector. Th e fi nished form of the 
substance, Ropren®, is used as a treatment in a range of 
clinical conditions including fatty degeneration of the 
liver of various aetiologies (including non-alcoholic 
steatohepatitis –  NASH and non-alcoholic fatty liver 
disease –  NAFLD), hepatitis, liver cirrhosis (in com-
bination treatment), and in toxic liver damage (alco-
hol, drugs, and pharmaceutics) (Lapteva et al. 2006; 
Lapteva et al. 2007; Lapteva et al. 2015; Shabanov and 
Soultanov, 2011; Soultanov et al. 2010a; Soultanov et 
al. 2010b). Th is pharmaceutical-grade preparation has 
a wide spectrum of activity and can be used in clinical 
practice for treatment of a metabolic syndrome and has 
benefi cial neurological eff ects in both animal models 
and people (for review see Soultanov 2016).

Although Ropren® is widely used as a hepatopro-
tector in humans, the mechanism of its eff ect is not 
fully elucidated, although the pharmaceutical-grade 
polyprenols used in this study (Sviderskii et al. 2007) 
and other forms of polyprenols from Gingko biloba 
(Yang et al. 2011; Sun and Jia, 2015) have also been 
tested in CCl4 animal models, including in compar-
ison with commonly used hepatoprotectors such as 
Essentiale Forte. Plant polyprenols represent a newer 
class of hepatoprotector with the advantage that the 
pharmaceutical preparation Ropren® has a high level 
of safety, with no side eff ects encountered in the many 

preclinical and clinical studies conducted (Roschin and 
Sultanov 2003b; Lazarev et al. 2012; Soultanov 2016).

Other substances with a wide spectrum of activity 
used to treat hepatic conditions are also of plant origin. 
Th ese include therapeutic substances from milk thistle 
(such as Carsil, Legalon, Silimarin) and other drugs 
containing essential phospholipids, such as Essentiale 
Forte (phosphotidyl choline) that is extracted from soy 
beans (Okovity, 2002).

We have previously established in animal studies that 
Ropren® is well absorbed and tolerated by animals (even 
at a relatively very high dose of 2,000 mg/kg of weight) 
and does not disrupt the main neuromediating pathways 
of metabolism in the liver, kidneys, and brain in rats 
(Sviderskii et al, 2006). Moreover, we have demonstrated 
that in the case of membrane damage by CCl4, Ropren®, 
as well as Gliatilin, protects cellular membranes in brain, 
possibly by participating in the redistribution of lipids 
in lipid bilayers (Sviderskii et al, 2007).

For this study, Essentiale Forte, a well-studied and 
commonly used phospholipid hepatoprotector, was 
selected as the comparator drug for Ropren®. Phos-
pholipids embed in membrane layers to provide a cy-
toprotective eff ect (Ipatova et al. 1998; Gundermann, 
2002), including in models of toxicity and hepatitis 
caused by CCl4. Based on this property, Essentiale 
Forte is a useful comparator substance to study as its 
cytoprotective properties belong to a diff erent group 
of compounds compared with Ropren®. Th is enables us 
to compare the rate of restoration of damaged mem-
branes using enzymatic analysis of membrane-bound 
proteins and histological analysis using electron and 
light microscopy.

  Materials and methods

 Animals
Male Wistar male rats weighing 180–200 g were ob-
tained from the Rappolovo Animal Farm (Leningrad 
region) and kept in the vivarium of the Sechenov In-
stitute of Evolutionary Physiology and Biochemistry 
of the Russian Academy of Science. Th e animals were 
housed under standard conditions and their diet was 
balanced, with water and food available ad libitum. 

Th e rationale, design, and methods of this study were 
approved by the Animal Ethics Committee of the 
Sechenov Institute of Evolutionary Physiology and 
Biochemistry.

Th e rats were randomly assigned to two experimental 
and two control groups, each containing 21 rats. Rats 
were sacrifi ced by decapitation.

  Substances
Pharmaceutical-grade long-chain isoprenoid alco-
hols (polyprenols) are extracted from green verdure 
of spruce trees (Picea abies (L) Karst), highly puri-
fi ed (Roshin and Soultanov 2003a) and produced at 
pharmaceutical concentrations of not less than 95 % 
purity, as previously described (Fedotova 2012). Th e 
fi nished form of this substance is registered in Russia 
as Ropren® (Prenolica Limited, Australia, formerly 
known as Solagran Limited) and contains 25 % of 
the pharmaceutical- grade polyprenols and 75 % oil. 
Its functional activity has been characterised and 
extensively studied (Fedotova et al 2012; Fedotova et 
al 2016; Soultanov et al 2017; for review see Soultanov 
2016). Based on extensive pre-clinical and clinical 

testing in Russia, in 2007 Ropren® was approved by 
the Russian Ministry of Health for entry into the 
Russian Pharmacopoeia as an eff ective treatment for 
human liver disease.

For this study, Ropren® was further diluted with 
natural vegetable oil to enable oral administration of 
correct doses (see below for doses) to rats.

The comparator treatment was Essentiale Forte 
(Rhone-Poulenc Rorer Pharmaceuticals Inc., France), 
a mixture of essential phospholipids widely used in 
medical practice as a hepatoprotector. For this study, 
the Essentiale Forte was diluted with natural vegetable 
oil to enable oral administration.

CCl4 was sourced from Merck Group, Germany.

  Treatment
Th e CCl4 model of toxic hepatitis involves subcutaneous 
injection of an oil solution of CCl4 at a dose of 4 mg/kg 

(0.2 mL per 100 g of animal weight) for 4 days. For 
this study, four animal groups each contained 21 rats:
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Control group 1 [no treatment] were intact animals 
that were untreated in any way.

Control group 2 [CCl4] contained experimental con-
trols, with rats receiving CCl4 to induce toxic hepati-
tis and hepatic encephalopathy but not receiving any 
treatment with Ropren® or Essential Forte.

Experimental group 1 [CCl4 + Ropren] contained 
CCl4-treated rats that also received daily oral Ropren® 
at a dose of 60 mg/kg body weight for 21 days.

Experimental group 2 [CCl4 + Essentiale Forte] con-
tained CCl4-treated rats that also received daily oral 
Essentiale Forte at a dose of 60 mg/kg body weight 
for 21 days.

On days 7, 14, and 21, seven rats from each group 
were sacrifi ced for enzyme analysis of the blood and 
liver as well as histology of liver.

  Enzyme analysis
Whole blood from sacrifi ced rats was allowed to clot 
and the clot was removed to produce serum by cen-
trifugation at 1,500 x g for 15 minutes at 4 °C. Th e liver 
was removed and aft er preparation for the enzyme 
assays (see below), samples were immediately frozen 
and stored at –5 °C.

Butyrylcholinesterase (BuChE) activity in serum 
or homogenised liver was analysed as described in 
Ellman et al. (1961).

For MAO activity, liver mitochondria were partly 
separated from ballast protein and used as the source 
of MAO activity in the assay. MAO activity was an-
alysed in liver using a spectrophotometric method 

(wavelength of 420 nm) measuring the amount of 
ammonia formed (over 60 minutes) as a result of the 
enzymatic oxidative deamination of monoamine se-
rotonin-creatinine sulphate (Reanal, Hungary) (as de-
scribed, Severina, 1979). MAO activity in the serum 
(Sigma) was analysed using benzylamine substrate and 
a spectrophotometric method (wavelength 241 nm) 
measuring the amount of benzaldehyde formed as a 
result of substrate deamination (as described, Severina, 
1979). Protein content in enzyme preparations was 
measured as per Lowry et al. (1951).

Statistical analysis was performed using Student’s t 
test, with p < 0.05 considered signifi cant.

  Histology
Rat liver was analysed using both electron and light 
microscopy. For electron microscopy, the livers were 
fi xed in a 2.5 % glutaraldehyde solution and then im-
mersed in araldite. Ultra-thin cross-sections were 
prepared and examined using a Jem-100S electron 
microscope (Jeol, Japan) with accelerating potential 
of 80 k/volt and magnifi cation of 12,000 times mag-
nifi cation.

For light microscopy livers were fi xed in 10 % formalin 
and immersed in paraffi  n. Paraffi  n cross- sections were pre-
pared, stained with haematoxylin-eosin and examined us-
ing a Carl Zeiss light microscope at 120 times magnifi cation.

Histochemical analysis of glycogen was conducted 
by Periodic acid-Schiff  (PAS) staining. Fat was detected 
on semi-fi ne cross-sections impregnated with osmium 
and stained with methylene blue.

  Results and discussion

 Ropren® improves the condition of intracellular organelles after hepatic damage 
induced by carbon tetrachloride
To examine cell membrane structure, electron micro-
scopic examination of the liver parenchyma was carried 
out on day 7, 14 and 21 (Figure 1).

Healthy cell structure was observed in the livers of the 
Control group 1 [no treatment] (Figure 1A). In compar-
ison, CCl4 caused irreversible changes in hepatocytes of 
the animals untreated with either Ropren® or Essentiale 
Forte (Control group 2 [CCl4], Figure 1B and C). On 
Day 7 (Figure 1B), CCl4 caused lipid degeneration in the 
mitochondria, the rough endoplasmic reticulum (RER), 
smooth endoplasmic reticulum (SER) and the Golgi 
apparatus. Th e cellular damage was still present on day 
21 (Figure 1C). CCl4 has an active oxidising eff ect on 
cellular membranes, and the microscopy shows destruc-
tion of mitochondria and the tubules of the endoplasmic 
reticulum, and the accumulation of two types of lipid 
inclusions that persisted for up to 21 days (Figures 1B 
and C). Depending on their origins, these lipid inclu-
sions have single or double-layered membranes, with 
a double-layered membrane indicating mitochondrial 
origins and a single-layered membrane indicating RER 
origins. Lipid dystrophy of the cells leads to their partial 
destruction and appeared as pyknosis of the nuclei and 
formation of micro-areas of necrosis. Th is damages 
cellular organelles responsible for protein synthesis: 

the RER, the smooth endoplasmic reticulum (SER), the 
Golgi apparatus and the mitochondria.

It has been established that the function of membranes 
in the endoplasmic reticulum (ER) varies, with the RER 
involved in protein synthesis and protein secretion and 
SER involved in synthesis of carbohydrates, metabolism 
of glycogen, steroids and various toxic substances that 
need to be neutralised. CCl4 treatment degranulates the 
RER, decreases the number of ribosomes associated with 
the ER and decreases the total number of ribosomes in 
hepatocytes (Castro et al. 1973; Vengerovski et al. 1987) 
causing a reduction in protein synthesis and a dysfunc-
tional ER that leads to the accumulation of some viruses, 
in particular retroviruses, which reduce immunity.

As early as day 7, animals treated with Ropren® in 
addition to CCl4 (Experimental group 1 [CCl4 + Ropren], 
Figure 1D) had less lipid in their hepatic cells and mem-
brane structure was restored in spite of the persisting tox-
ic eff ect of CCl4. Aft er 14 days of Ropren® treatment, an 
accumulation of glycogen in the cell was observed with 
subsequent restoration of cytoplasmic structures in the 
cytoplasm (Figure 1E). By day 21, Ropren® had restored 
membranes and the RER, with completed re-assembling 
of protein synthesizing complexes in the endoplasmic 
reticulum and mitochondria (Figure 1F).
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In comparison, aft er 7 days of treatment with Es-
sential Forte (Experimental group 2 [CCl4 + Essen-
tiale Forte]), destruction of the tubules of the ER and 
destruction of mitochondria were observed (Figure 
1G). On day 14, these destructive changes were less ev-
ident, although there was a process of developing lipid 
inclusion in place of mitochondria (Figure 1H). By day 
21, the protein synthesising machinery of the liver was 
restored, as shown by an aggregation of mitochondria, 
bubbles forming from the endoplasmic reticulum and 
glycogen in the cytoplasm (Figure 1I).

* On color insert.

To summarise, although the hepatoprotective ef-
fect of Ropren® was comparable with that of Essen-
tiale Forte, the structural improvements occurred at a 
faster rate (as early as day 7) with Ropren® treatment. 
Ropren® promoted a faster decrease in the number of 
lipid-containing vacuoles and enabled formation of 
protein-synthesizing complexes of the RER and the 
mitochondria. Th ese data provide a mechanism for 
the ability of Ropren® to restore disrupted functions of 
hepatocytes by restoring cellular membranes, especially 
of organelles important to protein synthesis.

Ropren® improves liver structure and glycogen levels after hepatic damage induced 
by carbon tetrachloride
Histological analysis with light microscopy and hae-
matoxylin-eosin staining confi rmed the data obtained 
in the experiment. Compared with healthy intact liver 
(Control group 1 [no treatment]; Figure 2A*), CCl4 was 
strongly toxic and caused lipid dystrophy in hepato-
cytes, which was demonstrated by the degeneration of 
liver cells and pyknosis, followed by destruction of the 
nucleus and evidence of areas of leukocytic infi ltration 
(Control group 2 [CCl4]; Figures 2B*, C* and D*). Where 
signifi cant damage was present on day 21, areas of cir-
rhosis were observed along with Councilman bodies 
in the cytoplasm of hepatocytes (Figure 2D*). On day 
7, the exposure to CCl4 resulted in vacuolisation of the 
liver cells –  some cells had pyknotic nuclei with signs of 
cellular destruction (Figure 2B*). On day 14, pyknosis 
of nuclei was observed in the vacuolated cells from 
central sections (Figure 2C*). By day 21, death of cells 
was evident with Councilman bodies observed in the 

cytoplasm of individual hepatocytes along with areas 
of cirrhosis (Figure 2D*).

In comparison, on day 7, Ropren-treated animals 
(Experimental group 1 [CCl4 + Ropren]) showed fewer 
necrotic changes although vacuolisation of the cells re-
mained (Figure 2E*). However, by day 14, little cellular 
vacuolisation of cells or nuclear pyknosis was found (Fig-
ure 2F*). By day 21, cells in the central sections of the liver 
had re-established normal cellular structure (Figure 2G*).

To evaluate re-established metabolic function, his-
tochemical analysis of glycogen using PAS-staining 
demonstrated that healthy liver stained strongly for 
glycogen (Control group 1 [no treatment]; Figure 3A*) 
while treatment with CCl4 led to drastic loss of gly-
cogen and vacuolisation of cells at day 7 (Figure 3B*). 
Ropren® facilitated restoration of glycogen in cells as 
soon as day 7 (Experimental group 1 [CCl4 + Ropren]; 
Figure 3C*), with glycogen content in cells at maximal 

Figure 1:
Electron microscopy of liver 
from rats treated with carbon 
tetrachloride alone or with car-
bon tetrachloride plus Ropren® 
or Essentiale Forte.

All panels show electron-dif-
fraction patterns (magnifi cation 
х12,000). Panel A shows healthy 
untreated rat liver with endo-
plasmic reticulum (1), nucleus 
(2), Golgi apparatus (3) and 
mitochondria (4). Panel B and 
C shows liver from rats treated 
with carbon tetrachloride alone 
at day 7 and day 21, respec-
tively. Panel B shows two types 
of vacuoles: larger vacuoles 
without membranes derived 
from endoplasmic reticulum 
(1) and smaller vacuoles limited 
by two membranes (2). Panels 
D-F show liver from rats treated 
with carbon tetrachloride and 
Ropren® at days 7, 14 and 21, 
respectively. Panel D shows the 
nucleus (1), lipid inclusions (2) 
and mitochondria (3). Panel 
E shows the nucleus (1), lipid 
inclusions (2) and mitochon-
dria (3). Panel E shows nucleus 
(1), mitochondria (2), Golgi 
apparatus (3) and glycogen (4). 
Panel F shows mitochondria (1), 
Golgi apparatus (2), granular 
endoplasmic reticulum (3) 
and glycogen (4). Panels G-I 
show liver from rats treated 
with carbon tetrachloride and 
Essentiale Forte at days 7, 14 
and 21, respectively. Panel G 
shows lipid (1), mitochondria 
(2), degenerating granular en-
doplasmic reticulum (3) and the 
nucleus (4). Panel H shows lipid 
(1), mitochondria (2), Golgi ap-
paratus (3) and the appearance 
of glycogen (4). Panel I shows 
mitochondria (1), endoplasmic 
reticulum (2), glycogen (3) and 
Golgi (4).
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levels on days 14 and 21 (Experimental group 1 [CCl4 
+ Ropren]; Figures 3D* and E*).

Examination of the pattern of PAS-staining showed 
that distribution of glycogen in hepatocytes was un-
equal depending on the treatment. Cells in the control 
healthy liver (Control group 1 [no treatment]) were 
completely fi lled with glycogen (Figure 3A*), whereas 
at day 7 in the presence of CCl4, most cells lost glycogen 
(Figure 3B*). On the other hand, 7 days aft er treatment 
with Ropren®, cells showed increased levels of glyco-
gen in a somewhat patchy distribution (Figure 3C*), 
although by day 14 and 21 the level of glycogen was at 
maximal levels and was evenly distributed (Experimen-
tal group 1 [CCl4 + Ropren]; Figures 3D* and E*). 11

* On color insert.

In comparison, after 7 days of treatment with Es-
sentiale Forte (Experimental group 2 [CCl4 + Essen-
tiale Forte]) levels of glycogen in the cells was as low 
as in animals treated with CCl4 alone (Control group 
2 [CCl4]; data not shown). On day 14, hepatocytes 
showed some light staining for glycogen but still 
contained many vacuoles (data not shown). By day 
21 the cells showed moderate and patchy staining 
for glycogen (Figure 3F*) at a similar level to that 
shown on day 7 of Ropren® treatment (Experimen-
tal group 1 [CCl4 + Ropren]; Figure 3C*) showing 
that Ropren® can restore the disrupted synthesis of 
glycogen more quickly than the phospholipid drug 
Es sen ti ale Forte.

  Ropren® restores levels of butyrylcholinesterase –  an enzyme of the ER membrane –  
after treatment with carbon tetrachloride
One of the consequences of liver damage aft er exposure 
to CCl4 is a signifi cant reduction in the rate of protein 
synthesis. Using an enzymatic method of analysis we 
evaluated the eff ect of Ropren® and Essentiale Forte on 
the activity of the membrane-bound enzyme –  butyryl-
cholinesterase (BuChE). CCl4 disrupts the integrity of 
hepatocyte membranes and causes partial solubilisa-
tion of membrane-bound proteins, thereby disrupting 
activity and normal function. It is known that BuChE 
is produced in the liver and the enzyme’s activity sig-
nifi cantly alters in cases of functional insuffi  ciency of 
the liver (Moralev et al. 2007). BuChE is synthesised 
in ER of the parenchymal cells. Th e level of BuChE 
activity is an indicator of the functional condition of 
the liver that changes with various liver pathologies. 
According to the literature, a decrease of BuChE activity 
is found in cases of hepatitis and cirrhosis (Inage and 
Furuhama, 1997).

Furthermore, comparisons of blood biochemistry 
and data from liver biopsies have demonstrated that 
the reduction of cholinesterase activity correlates with 
exacerbation of hepatitis and development of liver 

fi brosis (Zou et al. 2001). In cases of hepatitis, BuChE 
activity decreases to 40–50 % of the minimal normal 
value (MNV) by day 3 to 6 of the disease and returns to 
the normal value by day 13 to 15 and, in severe cirrho-
sis, BuChE activity is only 10–20 % of the MNV (Zou 
et al. 2001). Onset of an increase in BuChE activity is 
a positive prognostic indicator (Shabanov et al. 2010).

In this study, treatment with Ropren® (Experimental 
group 1 [CCl4 + Ropren]) and Essentiale Forte (Exper-
imental group 2 [CCl4 + Essentiale Forte]) increased 
BuChE activity aft er CCl4 treatment to a level not sig-
nifi cantly diff erent from healthy animals (Control 
group 1 [no treatment]). However, this increase in 
BuChE activity was at a faster rate aft er treatment with 
Ropren®, when BuChE activity in the serum was close 
to normal values as early as on day 7 in serum and day 
14 in liver (Table 1).

Th e statistically signifi cant reduction of BuChE ac-
tivity in the liver and blood serum of rats treated with 
CCl4 alone (Control group 2 [CCl4]) shows the liver was 
damaged and is similar to data obtained by other re-
searchers (Inage and Furuhama, 1997; Zou et al. 2001).

Animal groups (number of animals)
Butyrylcholinesterase activity 
(μmol ATCh/min/gram tissue)

Liver Serum
Day 7

Control group 1 [no treatment] (n=7) 0.33 ± 0.04 0.68 ± 0.05
Control group 2 [CCl4] (n=7) 0.24 ± 0.03* 0.23 ± 0.03*
Experimental group 1 [CCl4 + Ropren®] (n=7) 0.31 ± 0.11 0.59 ± 0.05
Experimental group 2 [CCl4 + Essentiale Forte] (n=7) 0.21 ± 0.09 0.34 ± 0.10*

Day 14
Control group 1 [no treatment] (n=7) 0.43 ± 0.07 0.87 ± 0.08
Control group 2 [CCl4] (n=7) 0.26 ± 0.08** 0.46 ± 0.03**
Experimental group 1 [CCl4 + Ropren®] (n=7) 0.39 ± 0.04 0.90 ± 0.13
Experimental group 2 [CCl4 + Essentiale Forte] (n=7) 0.27 ± 0.05** 0.75 ± 0.07

Day 21
Control group 1 [no treatment] (n=7) 0.37 ± 0.07 0.77 ± 0.08
Control group 2 [CCl4] (n=7) 0.49 ± 0.09 0.83 ± 0.06
Experimental group 1 [CCl4 + Ropren®] (n=7) 0.41 ± 0.09 0.94 ± 0.13
Experimental group 2 [CCl4 + Essentiale Forte] (n=7) 0.42 ± 0.15 1.05 ± 0.10***

Table 1.
Changes in butyrylcholines-
terase in the liver and blood 
serum aft er treatment with 
carbon tetrachloride alone or 
with carbon tetrachloride plus 
Ropren® or Essentiale Forte

CCl4 = carbon tetrachloride; 
ATCh = acetylthiocholine; 
* statistically signifi cant diff er-
ence (р < 0.05) from Control 
group 1 (Day 7); 

** statistically signifi cant diff er-
ence (р < 0.05) from Control 
group 1 (Day 14); 

*** statistically signifi cant 
diff erence (р < 0.05) from 
Control group 1 (Day 21)
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  Ropren® restores levels of monoamine oxidase –  an enzyme of the mitochondrial 
membrane –  after treatment with carbon tetrachloride
For additional information about the membrane-pro-
tective eff ect of the Ropren®, we also studied MAO, 
which is located predominantly on mitochondrial 
membranes of hepatocytes and other tissues. MAO is 
not only an enzyme required for metabolism of neuro-
mediators and hormones, but it also has an important 
barrier function, including in the liver, for inactivation 
of biogenic amines and other toxic agents (Fowler and 
Saaf, 1985). MAO is contained in nearly all animal tis-
sues with the highest concentration found in the liver, 
kidneys, spleen, and brain tissues. Within the cell, the 
enzyme is localised predominantly in the mitochondri-
al fraction, which is exactly where Ropren® shows its 
highest activity as a membrane-stabilising substance. 
Measuring changes in MAO activity in various condi-
tions is of great importance to clinical medicine. Th e 
literature shows that some toxic agents radically aff ect 
MAO activity. In some cases MAO activity is inhibited, 
as with emotional stress or experimental atherosclero-
sis (Gorkin and Ovchinnikova, 1993), while in other 
cases, the enzyme’s activity is increased by thyroxin, 
drugs and alcohol, and at early stages of cirrhosis –  as 
occurs in the CCl4 animal model. MAO not only de-
fends the cellular membrane from the impact of poisons 
and toxins but also indirectly aff ects the immune sys-
tem. For evaluation of the liver’s functional condition 
and its detoxifying properties, the level of MAO in 
the blood and the liver is a very indicative parameter. 
During non-alcoholic fatty degeneration of the liver 
with hepatitis, MAO activity in the human liver was 
increased by approximately 40 % (Arima et al. 1977).

Compared with untreated animals (Control group 1 
[no treatment]), MAO activity in mitochondria of the 
rat liver increased with CCl4 treatment (Control group 
2 [CCl4]) and remained almost unchanged until the 
end of the experiment at day 21. Th is indicates that the 
processes of deamination of monoamines in the body 
were disrupted and the membrane-bound MAO could 
not perform its main barrier function of inactivating 
biogenic amines and the toxic agent, CCl4. Dysfunc-
tional MAO has been shown to lead to disruption of 
metabolism of neuromediators and hormones (Obata 
et al. 1988).

Here we show that CCl4 signifi cantly increased MAO 
in the liver 7 days aft er the beginning of the experi-
ment (p<0.05), and this level remained high until day 
21 (Table 2).

Treating animals with Ropren® (Experimental group 
1 [CCl4 + Ropren]), decreased MAO activity by day 7 
compared with CCl4 alone (Control group 2 [CCl4]) 
and was signifi cantly decreased by day 14 compared 
with Control group 2 [CCl4] (p<0.05). Essentiale Forte 
also decreased MAO activity but these decreases were 
only statistically signifi cant at day 21 compared with 
Control group 2 [CCl4] (p<0.05).

Th e ability of Ropren® to restore MAO activity in 
the liver and kidneys is related to participation of this 
therapeutic substance in processes of repair of damaged 
cellular membranes or changes in the viscosity of the 
hydrophobic components of mitochondrial membranes. 
Th e regenerative eff ect of Ropren® on MAO activity in 
the liver could thus be explained fi rstly by changes 
in the molecular properties of the enzyme itself, and 
secondly, by changes in the properties of mitochondrial 
membranes where this enzyme is localised.

Th e asymmetric structure of plasma membranes 
means that macromolecular receptors can be located on 
the surface of the membrane, can penetrate the entire 
membrane, or can be on the inside of the membrane 
(Grundahl et al, 2012). Based on this understanding, 
it can be assumed that Ropren® and Essentiale Forte 
have a membrane-protective eff ect on mitochondria 
in the liver.

Th e reason that improvements with Ropren® treat-
ment are faster than Essential Forte is unclear, but it 
could be related to its ability to compensate for low 
levels of dolichol in the dolichyl- phosphate cycle. Data 
in the literature (Pronzato et al. 1990) shows that CCl4 
aff ects the formation of glycoproteins and leads to 
changes in the level and structure of microsomes and 
Golgi apparatus in the rat liver. Pronzato and col-
leagues showed that 5–60 minutes aft er CCl4-induced 
liver damage, the level of total dolichol, free dolichol, 
and dolichyl phosphate sharply reduced in microsomes 
and Golgi apparatus, with the early decrease of total 
dolichol changing the secretory function of the Golgi 

Animal group MAO activity in liver
(number of animals) (nmol ammonia/min/mg protein)

Day 7
Control group 1 [no treatment] (n=7) 2.26±0.16
Control group 2 [CCl4] (n=7) 3.37±0.14*
Experimental group 1 [CCl4 + Ropren®] (n=7) 3.15±0.12
Experimental group 2 [CCl4 + Essentiale Forte] (n=7) 3.30±0.20

Day 14
Control group 1 [no treatment] (n=7) 2.31±0.18
Control group 2 [CCl4] (n=7) 3.51±0.14**
Experimental group 1 [CCl4 + Ropren®] (n=7) 2.91±0.13***
Experimental group 2 [CCl4 + Essentiale Forte] (n=7) 3.39±0.27

Day 21
Control group 1 [no treatment] (n=7) 2.40±0.17#
Control group 2 [CCl4] (n=7) 3.53±0.17
Experimental group 1 [CCl4 + Ropren®] (n=7) 2.73±0.18#
Experimental group 2 [CCl4 + Essentiale Forte] (n=7) 2.33±0.16#

Table 2.
Eff ect of therapeutic substanc-
es Ropren® and Essentiale 
Forte on monoamine oxidase 
activity in the liver during 21 
days of the experiment

CCl4 = carbon tetrachloride; 
MAO = monoamine oxidase

* statistically signifi cant dif-
ferent (р < 0.05) from Control 
group 1 (Day 7);

** statistically signifi cant diff er-
ent (р < 0.05) from Control 
group 1 (Day 14);

*** statistically signifi cant dif-
ferent (р < 0.05) from Control 
group 2 (Day 14)
# statistically signifi cant dif-
ferent (р < 0.05) from Control 
group 2 (Day 21)
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as early as 15 minutes. Lipid peroxidation disturbed the 
structure of free dolichol and dolichyl-phosphate and 
leads to changes in the biosynthetic pathway of these 
important compounds (Pronzato et al. 1990). Th erefore, 

it is possible that Ropren® prevents this process and pro-
tects dolichol from oxidative degradation and restores 
the secretory function of hepatocytes. Th is possibility 
requires further study.

  Conclusion

1. CCI4 disrupted liver cell function and structure, in 
particular the protein-synthesising machinery.

2. Treatment with pharmaceutical-grade polyprenols 
for 21 days was hepatoprotective and restored liver 
function in the CCl4 model of liver damage in rats. 
Ropren® restored the integrity of membranes and 
the RER, as well as protein-synthesising complexes 
in the ER and mitochondria.

3. Treatment with Ropren® restored liver morphology at 
a faster rate than Essentiale Forte –  as early as day 7, 
with restoration peaking at day 21. Ropren® pro-
moted accumulation of glycogen in the cytoplasm 
of damaged hepatocytes, decreased the number of 
lipid-containing vacuoles and enabled formation of 
protein-synthesizing complexes in the endoplasmic 

reticulum and mitochondria, leading to restoration 
of membranes in damaged cells.

4. Th e metabolic protective eff ect of Ropren® included 
restoration of the activity of BuChE, as well as mem-
brane-bound enzyme MAO –  these improvements 
began on day 7 to day 14 day of treatment and con-
tinued until the end of the experiment on day 21.

5. In comparison with a phospholipid drug, Essentiale 
Forte, the process of improved liver function was 
faster with Ropren® therapy, potentially because 
Ropren® more actively improves mitochondrial func-
tion than Essentiale Forte. Th is raises the possibility 
of using Ropren® to repair mitochondrial function 
in the liver, and in other tissues aff ected by mito-
chondrial disorders.

  References
1. Arima T, Okada Y, Kubota M, Nagata K, Higuchi Y. Ty-

ramine oxidase activity in needle biopsy of normal livers 
and diseased livers. Enzyme, 1977;22(2):124–129.

2. Bezborodkina NN, Okovityi SV, Kudriavtseva MV, Kirik 
OV, Zarubina IV, Kudriavtsev BN. Morphometry of he-
patocyte mitochondrial apparatus in normal and cirrhot-
ic rat liver. Tsitologiia, 2008;50(3):228–36.

3. Castro JA, Diaz Gomez MI, de Ferreyra EC, de Castro 
CR, D’Acosta N, de Fenos CM. Diff erences in the carbon 
tetrachloride-induced damage to components of smooth 
and rough endoplasmic reticulum from rat liver. Bio-
chemical and Biophysical Research Communications, 
1973;50:337–343.

4. Chojnacki T, Jankowski W, Swiezewska E. Dolichols and 
polyprenols: Elements of membranes, coenzymes and 
secondary metabolites. Cell Mol Biol Lett, 2001;6(2):192.

5. Chojnacki T, Dallner G. Th e biological role of dolichol. 
Biochem J, 1988;251:1–9.

6. Ciepichal E, Jemiola-Rzeminskab M, Hertela J, Swieze-
wska E, Strzalkab K. Confi guration of polyisoprenoids 
aff ects the permeability and thermotropic properties of 
phospholipid/polyisoprenoid model membranes. Chem-
istry and Physics of Lipids, 2011;164:300–306.

7. Ellman GL, Courtney KD, Andres VJr, Featherstone RM. 
A new and rapid colorimetric determination of acetylcho-
linesterase activity. Biochem Pharmacol, 1961; 7:88–95.

8. Fedotova J, Soultanov V, Nikitina T, Roschin V, Ordayn 
N and Hritcu L. Cognitive-enhancing activities of the 
polyprenol preparation Ropren® in gonadectomized 
3-amyloid (25–35) rat model of Alzheimer’s disease. 
Physiol Behav, 2016;157:55–62.

9. Fedotova J, Soultanov V, Nikitina T, Roschin V, Or-
dayn N. Ropren(®) is a polyprenol preparation from 
coniferous plants that ameliorates cognitive defi ciency 
in a rat model of beta-amyloid peptide. Phytomedicine, 
2012;19(5):451–6.

10. Fowler CJ, Saaf J. Structure and functions of amine ox-
idases, Ed. B. Mondovi. Boca Raton, Florida, 1985, pp. 
249–261.

11. Gorkin VZ, Ovchinnikova LI. Amino oxidase system: 
recent achievements in researching the nature, functions 
and its disorders. Issues in Med Chem, 1993;39:2–10.

12. Grundahl JEH, Guan Z, Rust S, Reunert J, Muller B, at 
al. Life with too much polyprenol-polyprenol reductase 
defi ciency. Mol Genet Metab, 2012;105(4):642–651.

13. Gundermann KI. Th e contemporary data on mechanism 
of action and clinical effi  cacy of essential phospholipids. 
Clin Gastroenterol Hepatol, 2002;3:21–24.

14. Inage F, Furuhama K. Application of maximal removal 
rate of indocyanine green to the determination of he-
patic functional mass in conscious rats. J Vet Med Sci, 
1997;59(5):335–340.

15. Ipatova OM, Torkhovskaya TI, Knyazev VA, Karuzi-
na II et al. Comparative study of eff ect of Essentiale 
and new Russian hepatoprotector “Phospholiv” on a 
model of acute hepatitis in rats. Issues in Med Chem 
1998;44(6):544–550.

16. Janas T, Walinska K, Chojnacki T, Swiezewska E, Janas T. 
Modulation of properties of phospholipid membranes by 
the long-chain polyprenol (C(160)). Chem Phys Lipids, 
2000;106:31–40.

17. Khidrova NK, Shakhidoyatov Kh M. Plant polypre-
nols and their biological activity. Chem Nat Compd, 
2002;38(2):107–121.

18. Kurup RK, Kurup PA. Isoprenoid pathway –  related 
membrane dysfunction in neuropsychiatric dicorders. 
Int J Neurosci, 2003;113(11):1579–1591.

19. Lapteva EN, Atlas EE, Popova Yu R. Diff erentiated treat-
ment in patients with metabolic syndrome and NASH, 
XX Russian Congress, Hepatology Today, Russian Jour-
nal of Gastroenterology, Hepatology and Coloproctology, 
2015, no. 1.

20. Lapteva EN, Roschin VI, Soultanov VS. Specifi c activity of 
polyprenol-based Ropren in toxic liver damage in a trial 
[in Russian]. Clinical Nutrition, 2006;1:25–29.

21. Lapteva EN, Roschin VI, Soultanov VS. Specifi c activity 
of the polyprenols based therapeutic preparation Ropren 
(Bioeff ective R) in experimental models of toxic liver 
damage. Clin Nutr, 2007;3:33–37.



101

22. Lazarev SA, Lazareva DG, Kremleva OA. Experience 
of using therapeutic substance Ropren for treatment of 
hepatic toxicity of the I–II degree during chemotherapy 
(preliminary results), presented at the Russian scientif-
ic-practical conference: “High technology in oncology”, 
Barnaul, Altay Region, Russia, June 26–27, 2012.

23. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein 
measurement with the Folin phenol reagent. J Biol Chem, 
1951;193:265–275.

24. Moralev SN, Rozengart EV. Comparative enzymolo-
gy of cholinesterases. International University Lines. 
Biotechnology Series. No 6, La Jolla. California. USA. 
2007, pp. 484.

25. Obata T, Egashira T. Yamanaka Y. Changes in amine 
oxidase in plasma of rats treated with hepatotoxins. Jap 
J Pharmacol, 1988;48:142–144.

26. Okovity SV. Clinical pharmacology of hepatoprotectors. 
Journal of Clinical Pharmacology and Rational Pharma-
cotherapy “Praktic”, March 2002; issue 3 (hepatology).

27. Pronzato MA, Cottalasso D, Domenicotti C, Tenca C, 
Traverso N at al, Eff ects of CCl4 poisoning on metabolism 
of dolichol in rat liver microsomes and Golgi apparatus. 
Free Radic Res Commun, 1990;11(4–5):267–277.

28. Roschin VI, Soultanov VS. Methods for processing vege-
table raw materials. Patent RU 2238291, 2003a.

29. Roschin VI, Soultanov VS. Preparation for stimulation of 
natural regeneration of liver. Patent RU 2252026, 2003b.

30. Severina IS. On potential mechanism of selective inhi-
bition by chlorgilyn and deprenyl of activity of mito-
chondrial monoamine oxidase of rats’ liver. Biokhimiya, 
1979;44:195–204.

31. Shabanov PD, Soultanov V. Pharmacology of polypre-
nol-containing drugs: focus on hepatoprotective, neu-
roprotective and anti-ischemic eff ects of ropren. Th e 
15th International Congress “PHYTOPHARM-2011”, 
25–27 July, 2011, Nuremberg, Germany, Abstract book, 
pp. 102–103.

32. Shabanov PD, Sultanov VS, Roshchin VI, Nikitina TV, 
Lebedev AA, Bychkov ER, Proshin SN. Defensive eff ects 
of polyprenol-containing drug ropren in a model of sub-
acute hepatosis with encephalopathy in rats. (23 ECNP 
Congress Amsterdam, 28 August to 1 September 2010) 
Eur Neuropsychopharmacol, 2010;20(Suppl. 3): S 237.

33. Soultanov V. New hepatic and neurological clinical im-
plications of long-chain plant polyprenols acting on the 
mammalian isoprenoid pathway. Eksp Klin Gastroen-
terol, 2016;135(11):104–113.

34. Soultanov VS, Agishev VG, Monakhova IA, Mokhoviko-
va IA, Kulikov AP, Roshchin VI, Nikitina TV. Ropren® 
improves liver and pancreatic function in patients with 
chronic alcoholism. Gastroenterology- Saint Petersburg, 
2010a;4:12–18.

35. Soultanov VS, Gavrisheva IA, Lapteva EN, Roschin VI. 
Use of Ropren in patients with chronic viral hepatitis. 
Development of scientifi c research and control of in-
fectious diseases. Material of International Conference, 
St-Petersburg, 18–20 May, 2010b, pp.138–139.

36. Soultanov VS, Fedotova J, Nikitina T, Roschin V, Ordy-
an N, Hritcu L. Antidepressant-like eff ect of Ropren® 
in | 3-amyloid-(25–35) rat model of Alzheimer’s dis-
ease with altered levels of androgens. Mol Neurobiol. 
2017;54(4):2611–2621.

37. Sun F-J and J-F Jia. Protective effect of polyprenols 
against acute liver injury induced by CCl4 and D-Gal. J 
Pharm Med 2015;3(1):17–21.

38. Surmacz L, Swiezewska E. Polyisoprenoids –  Secondary 
metabolites or physiologically important superlipids? 
Biochem Biophys Res Com, 2011;407;627–632.

39. Sviderskii VL, Khovanskih AE, Rozengart EV, Moralev 
SN, et al. Comparative study of the eff ect of polyprenol 
therapeutic substance Ropren from conifer species on 
key enzymes of cholinergic and monoaminergic types 
of neurotransmission. Reports of the Science Academy, 
2006;408(3):414–417.

40. Sviderskii VL, Soultanov VS, Roscin VI, Khovansky AE, 
Rozergart EV. et al. Analysis of activity of polyprenol 
therapeutic substance Ropren and choline acetyl trans-
ferase drug Glyatilin on membrane-bound and “soluble” 
forms of choline esterase and monoamine oxidase in 
the brain and blood serum of rats on a model of hepatic 
encephalopathy induced by tetrachlormethane. Reports 
of Science Academy, 2007;412(3):412–416.

41. Valtersson C, van Duijn G, Verkleij AJ, Chojnacki T, de 
Kruijff  B, Dallner G. Th e infl uence of dolichol, dolichyl 
esters, and dolichyl phosphate on phospholipid polymor-
phism and fl uidity in model membranes. J Biol Chem, 
1985;260:2742–2751.

42. Yang L, Wang CZ, Ye JZ, Li HT. Hepatoprotective eff ects of 
polyprenols from Ginkgo biloba L. leaves on CCl4-induced 
hepatotoxicity in rats. Fitoterapia, 2011;82:834–840.

43. Zou ZS, Xin SJ, Li BS, Zhao JM et al. Relationship between 
cholinesterase, prothrombin activity and albumin and 
the pathology of the liver. Zhonghua Shi Yan He Lin 
Chuang Bing Du Xue Za Zhi, 2001;15(4):349–351.

plant long-chain isoprenoid alcohols (polyprenols) protect liver… | растительные длинноцепочные изопреноидные спирты (полипренолы) предохраняют печень…



К статье
Растительные длинноцепочные изопреноидные спирты предохраняют печень посредством стабилизации 
клеточных мембран и структуры органелл на модели токсического поражения печени углеродтетрахло-
ридом (Plant long-chain isoprenoid alcohols (polyprenols) protect liver via stabilisation of cell membranes and 
organelle structure in a carbon tetrachloride animal model of toxic liver damage), – стр. 94–101

  Figure 2: 
Light microscopy of liver from 
rats treated with carbon tetra-
chloride alone or with carbon 
tetrachloride plus Ropren®.

All panels show light microsco-
py of rat liver stained with 
haematoxylin and eosin (mag-
nifi cation х120). Panel A shows 
healthy untreated rat liver. 
Panels B-D shows liver from 
rats treated with carbon tetra-
chloride alone at day 7 and day 
21, respectively. 
Panels E-F show show liver 
from rats treated with carbon 
tetrachloride and Ropren® at 
days 7, 14 and 21, respectively.
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  Figure 3: 
Light microscopy and staining 
for glycogen in liver from rats 
treated with carbon tetra-
chloride alone or with carbon 
tetrachloride plus Ropren® or 
Essential Forte.

All panels show periodic ac-
id-Schiff  (PAS) stain of rat liver 
(magnifi cation х120), with 
more colour (magenta-pur-
ple) indicating a higher level 
of glycogen. Panel A shows 
glycogen in healthy untreated 
rat liver and panel B shows 
glycogen depleted 7 days aft er 
carbon tetrachloride treatment. 
In comparison, aft er carbon 
tetrachloride plus Ropren® 
treatment, a moderate level 
of glycogen is restored aft er 
7 days (panel C), and a high 
level of glycogen aft er 14 days 
(panel D) and 21 days (panel E) 
of Ropren® treatment. Aft er 
carbon tetrachloride treatment 
plus 21 days of Essential 
Forte treatment, a moderate 
level of glycogen was restored 
(panel F).
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Рисунок 1.
Послеоперационный 
материал (резецированный 
участок слепой кишки). Язва 
в области купола слепой 
кишки 3х4 см.

Рисунок 2.
Гистологический препарат 
(окраска по Гомори-Грок-
коту).
Гифы мицелия, ветвящиеся 
под острым углом, х200

Figure 3.
Morphological changes in the livers of rats treated with Ropren® (30 mg/kg). Hematoxylin and eosin 
staining. Magnifi cation ×400. Th ere was moderate protein and lipid dystrophy, predominantly on 
the periphery of the lobes. Hepatocytes in the centre of the sections had preserved clear borders and 
weakly stained eosinophilic cytoplasmic granules.

Figure 1.
Morphological changes in 
the liver of rats treated with 
isoniazid only. Hematoxylin 
and eosin staining. Magnifi ca-
tion ×400. Note the presence of 
hepatocytes with two nuclei.

Figure 2.
Morphological changes in 
the liver of rats treated with 
Ropren® (10 mg/kg). Hema-
toxylin and eosin staining. 
Magnifi cation ×400. Th ere was 
moderate protein and lipid 
dystrophy, predominantly on 
the periphery of the lobes. He-
patocytes in the centre of the 
sections had preserved clear 
borders and weakly stained 
eosinophilic cytoplasmic 
granules.






