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ИДЕНТИФИКАЦИЯ ВОЗБУДИТЕЛЕЙ СМЕШАННОЙ ИНФЕКЦИИ ОРХИДНЫХ  

В КОЛЛЕКЦИИ БОТАНИЧЕСКОГО САДА ИМ. АКАДЕМ. А.В. ФОМИНА 
Проведено выявление и идентификация возбудителей инфекционных боолезней орхидных в коллекции защищенного грунта бо-

танического сада им. акад. А.В. Фомина Киевского национального университета имени Тараса Шевченка. Описаны симптомы инфици-
рованых растений. Установлено наличие смешанной инфекции, обусловленной вирусными и бактериальными агентами. 
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IDENTIFICATION OF INFECTIOUS AGENT OF MIXED INFECTIONS  

IN ORCHID COLLECTION OF FOMIN'S BOTANICAL GARDEN 
Screening of Orchidaceae on virus diseases in the collection of Fomin's Botanical garden of Taras Shevchenko National University of Kyiv, 

Kyiv, Ukraine has been conducted. The symptoms of infected plants are described. The presence of mixed infections caused by viral and bacterial 
agents are defined. 
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PHOSPHOLIPID COMPOSITION IN THE INNER MITOCHONDRIAL MEMBRANE  
OF RAT HEPATOCYTES UNDER THE DEVELOPING  

OF DIFFERENT TYPES OF STEATOHEPATOSIS 
 

Nonalcoholic fatty liver disease (NAFLD) or steatohepatosis has recently become widespread, but its pathogenesis has not 
been thoroughly understood for today. Most scientists have appropriated a central role in the mechanisms of its development to 
mitochondria and so-called "mitochondrial dysfunction," which is observed in most animal models and in most patients. The aim 
of this work was to determine phospholipid composition of inner mitochondrial membrane of rat hepatocytes under diet-induced 
and glutamate-induced steatohepatosis, as well as to compare the data about developing steatohepatosis of different types. 
Obtained data indicate the disruption of normal functional state of the inner mitochondrial membrane under the conditions of 
diet-induced and glutamate-induced steatohepatosis. Amount of oxidized forms of the major phospholipids including cardiolipin, 
indicates the increasing oxidative stress under the conditions of both steatohepatosis types. 

Key words: steatohepatosis, mitochondria, "mitochondrial dysfunction" phospholipids oxidative stress. 
 

INTRODUCTION. 
Nonalcoholic fatty liver disease (NAFLD) or 

steatohepatosis has become more widespread in human 
population and it is often accompanied by pathological 
disorders of other organs and systems. The combination of 
obesity with the development of type 2 diabetes affects liver 
badly. There is a rapid decline in metabolic and functional 
activity that results in cancer development [11, 16]. 

The pathogenesis of steatohepatosis has not been 
clearly understood for today. But most scientists 
appropriate a central role in the mechanism of NAFLD 
developing to mitochondria and to "mitochondrial 
dysfunction" which is observed in most animal models and 

in most patients. The main characteristics of "mitochondrial 
dysfunction" are the disruption in complexes of electron 
transport chain (ETC, respiratory chain), the decrease of 
oxidative phosphorylation and the development of oxidative 
stress, as well as the changes in the level of β-oxidation 
and in the Krebs cycle functioning [5, 6, 16, 17]. 

Recent studies have shown that experimental animals 
have suffered from steatohepatosis of different degrees of 
severity under the conditions of various types of high-
calorie diets (HCD) even without weight excess [1, 3, 14]. 
Also, there has been established the direct effect of 
excessive income of carbohydrates and lipids on the 
phospholipid composition not only of plasma membrane, 

© Voieikova D., Stepanova L., Beregova T., Ostapchenko L., Kondro M., 2016 



ISSN 1728-2624                  ПРОБЛЕМИ РЕГУЛЯЦІЇ ФІЗІОЛОГІЧНИХ ФУНКЦІЙ. 1(20)/2016 ~ 31 ~ 
 

 

but also on the composition of inner mitochondrial 
membrane in different diets [2, 14, 15]. L-monosodium 
glutamate (MSG) is one of the most popular nutritional 
supplements which causes steatohepatosis and associated 
obesity. It is also characterized by the development of 
"mitochondrial dysfunction", which is similar in certain 
parameters to diet-induced steatohepatosis [8, 9, 10]. But, 
changes in phospholipid composition of inner mitochondrial 
membrane under glutamate-induced steatohepatosis have 
not been studied. 

The aim of this work was to determine phospholipid 
composition of inner mitochondrial membrane of rat 
hepatocytes under diet-induced and glutamate-induced 
steatohepatosis and to compare data about 
steatohepatosis developing of different types. 

MATERIALS AND METHODS. 
The experiments were performed on non-linear white 

male rats. Steatosis was performed in two ways: by 
keeping on high-caloric diet (HCD) # C11024 and by 
neonatal subcutaneous injection of MSG. 20 rats of 180-
200g were taken and divided into two groups before the 
start of the experiment. HCD #C 11024 (Research 
Diabetes, New Brunswick, NJ) consisted of a standard feed 
(47%), condensed milk (44%), corn oil (8%) and starch 
(1%). This diet induces the development of steatosis in 
mice and rats [14]. The rats of the first group were kept on 
a standard feed with free access to water. The rats of the 
second group were kept on diet # C 11024 with free access 
to water. Both groups of animals were kept for 20 weeks. 

Earlier studies demonstrated the development of 
steatosis under glutamate-induced visceral obesity [8, 9]. 
Newborn rats were divided into two groups. The first group 
was injected subcutaneously by MSG in a dose of 4 mg/kg 
dissolved in isotonic saline in amount of 8 ml/g body weight 
on the 2, 4, 6, 8 and 10 days of life. The second group was 
injected subcutaneously with isotonic saline in amount of 8 

ml/g weight in the same period. Rats of both groups were 
kept on a standard feed and with free access to water 
during 4 months of life. 

A well-known non-enzymatic method for selection 
hepatocytes fractions ( by Petrenko O. et al. [4]) was 
modified. Fractions of inner mitochondrial membrane were 
separated using gradual ultracentrifugation [13]. Extraction 
of lipids was performed by a method of Folch et al. with 
modifications [12]. Phospholipids separation was 
performed by thin layer chromatography [3]. 

RESULTS AND DISCUSSION. 
Phospholipid compositions of inner mitochondrial 

membrane have been changed under diet-induced 
steatohepatosis (tab. 1). A small percentage increase of 
cardiolipin content since the 3-d week of keeping on a diet 
was established compared to the control group of animals 
that were kept on a standard diet. The content of cardiolipin 
in rats with glutamate-induced steatohepatosis also 
increased by 1.5 times (p <0.01) compared with the control 
group (tab. 2). It may indicate the similar mechanisms of 
developing steatohepatosis of different types which is 
accompanied by the attraction of inner mitochondrial 
membrane. One of the main functions of cardiolipin is the 
interaction with ETC complexes. Thus, cardiolipin provides 
a normal functional activity of the respiratory chain. Free 
radical oxidation affects the fatty acid composition of this 
phospholipid, thereby, reducing the affinity for ETC 
complexes. The result of such changes is the reduced 
activity of I, III and IV ETC complexes. Published data 
show that cardiolipin amount can rise only under conditions 
of oxidative stress, such as by increasing the number of 
oxidized cardiolipin forms [5, 7, 15, 17]. Its total content 
increases in the membrane, but, at the same time, non-
oxidized cardiolipin amount decreases, which was 
observed in animals with diet-induced and glutamate-
induced steatohepatosis [6, 7, 9, 17]. 

 
Table  1. Amount of phospholipids in the inner mitochondrial membrane rat hepatocytes  

under conditions of diet-induced steatohepatosis (n=10, M±m) 
Group 3 week 10 week 12 week 15 week 

Cardiolipin (%) 
Control 17,92±1,65 17,06±1,79 18,91±1,51 19,10±0,18 
HCD 22,01±1,85* 18,77±3,61 22,52±1,13* 26,37±0,16* 

Phosphatidylcholine (%) 
Control 34,53±2,43 33,09±3,01 33,71±0,84 34,07±0,38 
HCD 28,90±1,08* 35,48±3,76 32,92±1,19 33,18±0,21 

Phosphatidylethanolamine (%) 
Control 31,32±1,48 30,98±3,97 28,08±2,05 31,32±0,30 
HCD 24,93±0,42* 29,73±2,22 25,83±1,33 27,04±0,31 

Phosphatidylinositol and Phosphatidylserine (%) 
Control 11,46±2,17 13,09±4,38 11,99±1,44 11,50±0,80 
HCD 15, 67±1,04* 10,28±2,11* 12,95±1,37 9,60±0,45* 

Sphingomyelin (%) 
Control 3,09±0,029 4,15±0,03 4,86±0,08 2,50±0,64 
HCD 5,54±3,82** 3,02±4,17* 3,13±3,86* 1,15±2,09*** 

Oxidizephosphatidylcholine(%) 
Control 1,27±0,011 1,27±0,019 0,98 ±0,05 1,06±0,02 
HCD 2,46±0,98*** 2,28±1,75** 1,98±0,17*** 1,90±0,05** 

Oxidazephosphotidylethanolamine (%) 
Control 0,41±0,03 0,36±0,04 0,47±0,03 0,45±0,05 
HCD 0,49±0,015* 0,44±0,07* 0,67±0,05** 0,76±0,019** 

 
* – р<0,05, ** – р<0,01, *** – р<0,001 – vs. control group 
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Тable  2. Amount of phospholipids in the inner mitochondrial membrane rat hepatocytes  
under conditions of glutamate-induced steatohepatosis (n = 10, M ± m) 

Control group MSG group 
Cardiolipin (%) 

18,86±0,94 28,56±1,43** 
Phosphatidylcholine (%) 

33,48±2,81 19,63±0,88** 
Phosphatidylethanolamine (%) 

30,59±2,13 22,18±0,86* 
Phosphatidylinositol and Phosphatidylserine (%) 

12,37±1,02 11,42±0,75 
Sphingomyelin (%) 

3,21 ±0,51 5,84 ±1,10** 
Oxidizephosphatidylcholine(%) 

1,13 ±0,12 10,39 ±0,87*** 
Oxidazephosphotidylethanolamine (%) 

0,36 ±0,029 1,98 ±0,17*** 
 
* – р<0,05, ** – р<0,01, *** – р<0,001 – vs. control group 

 
The amount of phosphatidylcholine in the inner 

mitochondrial membrane decreased a little under the 
conditions of modified diet, but only at the 3rd week. But 
we observed a significant increase in its oxidized form – 
oxidizephosphatidylcholine. Thus, the content of oxidized 
forms was increased by 1.9 times (p <0.001) since the 3-d 
week of keeping HCD. The greatest increase, by 2 times (p 
<0.001) was observed at the 12th week compared to 
animals that were keept on a standard diet. A similar 
pattern is observed in the content of 
phosphatidylethanolamine and in its oxidized form – 
oxidazephosphotidylethanolamine. A small reduction of 
phosphatidylethanolamine was observed only at the 3rd 
week without significant changes until the end of keeping 
animals on the HCD. On the contrary, 
oxidazephosphotidylethanolamine content increased a little 
starting from the 3rd week, with maximal increase by 1.7 
times (p <0.01) at the 15th week compared to the control 
group. The content of phosphatidylcholine, 
phosphatidylethanolamine and of their oxidized forms 
hassimilarly has been changed under the conditions of 
glutamate-induced steatohepatosis. Thus, the amount of 
phosphatidylcholine has decreased by 1.7 times (p <0.01), 
and the amount of phosphatidylethanolamine has 
decreased by 1.4 times (p <0.05). At the same time 
phosphatidylcholine content has increased by 4.5 times (p 
<0.001), and oxidazephosphotidylethanolamine content 
has increased by 9.2 times (p <0.001) under MSG neonatal 
injection. The obtained data have shown the similarity of 
contents changes of these two phospholipids and their 
oxidized form, as well as a bigger level of oxidative stress 
development under glutamate-induced steatohepatosis. 
Normally, a small amount of oxidizephosphatidylcholine 
and oxidazephosphotidylethanolamine is observed in the 
inner mitochondrial membrane, therefore, the increasing 
content of oxidized products is one of the results of 
oxidative stress developing [2, 5, 7, 16]. 

The development of diet-induced steatohepatosis has 
shown also changes in the amount of minor components of 
inner mitochondrial membrane. The percentage amount of 
phosphatidylinositol and phosphatidylserine mixtures 
increased by 1,4 times (p <0.05) at the 3rd week of 
keeping on modified diet, but starting from the 10th 
week we have observed a slight decrease in this index 
relative to the control. The amount of sphingomyelin was 
changing similarly; at first, it increased by 2 times at the 3rd 
week (p <0.01) and then, it decreased by 1,4 times (p 
<0.05) at the 10th week; by1.5 times (p <0 01) at the 12th 
week and 2.2 times (p <0.001) at the15th weeks. The total 
amount of phosphatidylinositol and phosphatidylserine has 

not significantly changed in rats with glutamate-induced 
steatohepatosis; and amount of sphingomyelin has in-
creased by 1.8times (p <0.01) relative to controls. Having 
analyzed the published data and summarized the results, 
we assume that the changes in the content of minor 
phospholipids result from the breached ratio of total 
phospholipid content and they do not have functional 
effects on inner mitochondrial membrane [3]. The only 
additional effect of the complex changes of phospholipid 
composition is to reduce fluidity of inner mitochondrial 
membrane which makes additional destabilizing effect on a 
normal functional activity not only of membranes but of 
mitochondria in general. 

CONCLUSIONS 
Received data about the lipid composition of the inner 

mitochondrial membrane under the conditions of diet-
induced and glutamate-induced steatohepatosis indicate 
the disturbance of its normal functional state. The increase 
of oxidized forms of major phospholipids including 
cardiolipin proves the development of oxidative stress 
under the conditions of both types of steatohepatosis. Also, 
it was found that the amount of oxidized forms of the major 
phospholipids in the membrane is significantly increased by 
the injection (administration) of MSG, which allows 
concluding about the greater level of the oxidative stress 
development under the conditions of glutamate-induced 
steatohepatosis. 
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ФОСФОЛІПІДНИЙ СКЛАД ВНУТРІШНЬОЇ МІТОХОНДРІАЛЬНОЇ МЕМБРАНИ ГЕПАТОЦИТІВ ЩУРІВ  

ЗА УМОВ СТЕАТОГЕПАТОЗУ РІЗНОЇ ЕТІОЛОГІЇ 
Неалкогольна жирова хвороба печінки (НЖХП) або стеатогепатоз останнім часом набуває широкого поширення, але його патогенез 

на сьогодні досконально не встановлений. Більшість вчених відводять центральну роль в механізмах його розвитку саме мітохондріям і 
так званій "мітохондріальній дисфункції", яка спостерігається на більшості тваринних моделей та у більшості пацієнтів. Метою робо-
ти стало визначення фосфоліпідного складу внутрішньої мітохондріальної мембрани гепатоцитів щурів за умов дієт-індукованого та 
глутамат-індукованого стеатогепатозу та порівняння даних щодо розвитку стеатогепатозу різної етіології. Отримані дані вказують 
на порушення нормального функціонального стану внутрішньої мітохондріальної мембрани за умов як дієт-індукованого так і глутамат-
індукованого стеатогепатозу. Підвищується вміст окислених форм основних фосфоліпідів, в тому числі і кардіоліпіну, що вказує на роз-
виток окисного стресу за умов розвитку обох типів стеатогепатозу. Також, встановлено, що саме за умов введення ГН відносний вміст 
окислених форм підвищується більшою мірою, ніж за умов дієт-індукованого стеатогепатозу. 

Ключові слова: стеатогепатоз, мітохондрія, "мітохондріальна дисфункція", фосфоліпіди, окисний стрес. 
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ФОСФОЛИПИДНЫЙ СОСТАВ ВНУТРЕННЕЙ МИТОХОНДРИАЛЬНОЙ МЕМБРАНЫ ГЕПАТОЦИТОВ КРЫС  

В УСЛОВИЯХ СТЕАТОГЕПАТОЗУ РАЗЛИЧНОЙ ЭТИОЛОГИИ 
Неалкогольная жировая болезнь печени (НЖХП) или стеатогепатоз широко распостранена среди человеческой популяции, но его 

патогенез до сих пор детально не установлен. Большинство ученых отводят центральную роль в механизмах его развития именно 
митохондриям и так называемой "митохондриальной дисфункции", которая наблюдается на большинстве животных моделей и у 
большинства пациентов. Целью работы стало определение фосфолипидного состава внутренней митохондриальной мембраны 
гепатоцитов крыс в условиях диет-индуцированного и глутамат-индуцированного стеатогепатоза и сравнения даннях о развитии 
стеатогепатоза различной этиологии. Полученные данные указывают на нарушение нормального функционального состояния вну-
тренней митохондриальной мембраны в условиях как диет-индуцированного так и глутамат-индуцированного стеатогепатоза. 
Повышается содержание окисленных форм основных фосфолипидов, в том числе и кардиолипина, что указывает на развитие окис-
лительного стресса в условиях развития обоих типов стеатогепатозу. Также установлено, что именно в условиях введения ГН 
относительное содержание окисленных форм повышается в большей степени, чем при диет-индуцированного стеатогепатозе. 
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