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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 B-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,
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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, Ill 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 19,1040,18
HCD 22,01+1,85* 18,7743,61 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 11,5040,80
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**

* — p<0,05, ** — p<0,01, *** — p<0,001 — vs. control group
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Table 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 (%)

18,8640,94 |

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***

* — p<0,05, ** — p<0,01, *** — p<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 12"
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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JbBiBCbKMM HaWiOHaNbHUI MeAMYHUIA YHiBepcuTeT iMeHi laHuna Manuubkoro, JibBiB

®OCPONINIAHUA CKNAL BHYTPILHLOI MITOXOHAPIANBHOI MEMBPAHU FEMATOLIUTIB LLYPIB
3A YMOB CTEATOIENATO3Y PI3HOI ETIONOrI

HeankozonbHa xupoea xeopoba neyiHku (HXXXI) abo cmeamozenamo3 ocmaHHIM YacoM Habyeae WUPOKO20 MOWUPEeHHs], asie io20 namozeHe3
Ha cb0200Hi 0CKOHanIbHO He ecmaHoesieHul. Binbwicmb 84yeHux 8i080dsIMb YeHmparsibHy posib 8 MexaHi3mMax lio20 po38UMKy caMe MimoxoHOpisam i
mak 3eaHili "MimoxoHOpianbHili ducyHKUii", sika crocmepizaembcsi Ha 6inbwocmi meapuHHuUx modeneli ma y 6inbwocmi nayienmie. Memoro po6o-
mu cmasno eu3HayeHHs1 ¢hocgponinidHo2o cknady eHympiwHbLOI MimoxoHdpianbHOI Memb6paHu 2enamoyumie wypie 3a ymos diem-iHOykoeaHo20 ma
2nymamam-iH0ykoeaHo20 cmeamozenamo3sy ma rnopieHsIHHSI 0aHUX w000 PO38UMKY cmeamozenamo3y Pi3Hoi emiosnozil. OmpumaHi 0aHi ekasyromb
Ha nopyuweHHs1 HOpMasibHO20 (hYyHKUiOHaNIbHO20 cmaHy 8HympiwHbOI MimoxoHdpianbHOI MeMbpaHu 3a ymos sik diem-iHOdykoeaHo20 mak i 2mymamam-
iHOykoeaHo20 cmeamozenamoa3y. llidsuuwyemscsi emicm okucneHux ¢hopmM ocHoeHuUXx ¢hocposninidie, @ momy qucni i kapdioniniHy, wo eka3ye Ha po3-
8UMOK OKUCHO20 cmpecy 3a yMoe po3eumky o60x munie cmeamozenamo3y. Takox, ecmaHoesieHo, ujo came 3a ymoe esedeHHs1 H eidHocHuUl emicm
oKucneHux ¢hopm nideuwyemscs 6inbWOr Miporo, HiX 3a ymoe diem-iHOykoeaHO20 cmeamozenamoasy.
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®OCOONUNUAHBIA COCTAB BHYTPEHHEA MUTOXOHOPUAINIbHOW MEMEPAHbLI FTEMATOLMTOB KPbIC
B YCNIOBUAX CTEATOIEMNATO3Y PA3NIMYHOWN 3TUONOIMNK

HeankozonbHas xupoeasi 6one3Hb nedeHu (HXXTI) unu cmeamozenamo3 wWupoKo pacrnocmpaHeHa cpedu Yesi08e4YecKkol nonynasyuu, Ho e2o
namozeHe3 do cux nop demasibHO He ycmaHoeJsIeH. BonbWUHCMEo y4eHbIX 0meodsim YeHmpasbHYI poJib 8 MeXaHU3Max €20 pa3eumusi UMeHHO
MUMOXOHOPUSIM U MakK Ha3bleaeMol "MumoxoHApuanbHol OucgyHKyuu", kKomopasi Habnrodaemcsi Ha 60/bWUHCMEe XUBOMHbIX modesnel u y
6onbwuHcmea nayuenmos. Llenbto pabomsbi cmano onpedeneHue gocgonunudHo2o cocmasea 8HympeHHel MUmoxXoHOpuanbHOU MeM6paHb!
2enamoyumoe KpbIc 8 yc/ioeusix ouem-uHOyyupoe8aHHO20 U 2iymamam-uHOyyupo8aHHO20 cimeamoaenamo3a U cpasHeHuUs1 0aHHsIX O pa3eumuu
cmeamozenamo3sa pa3siu4yHol amuosoauu. lNonyyeHHble OaHHbIe yKa3biealom Ha HapyuweHue HOpMaslbHo20 YHKYUOHa/IbHO20 COCMOSIHUS 8HY-
mpeHHeli MumoxoHApuasnbHol MeM6paHbl 8 yc/ioeusix Kak duem-uHAyyupoeaHHO20 MakK U 2Jlymamam-uHOyyuUpPOB8aHHO20 cCMmeamozernamosa.
lMoebiwaemcsi codepxaHue OKUCIEHHbIX ¢hOpM OCHOBHbIX ¢hocghonrunudos, 8 Mom yucse u kapouosunuHa, Ymo yKa3bieaem Ha pa3eumue OKuc-
JlumenibHO20 cmpecca 8 yc/l08usiX pa3eumusi 06oux munoe cmeamozenamo3y. Takxe ycmaHO8JIeHO, YMo UMEeHHO 8 ycroeusix eeedeHusi 'H
omHocumersnibHoe codep)kaHue OKUC/IeHHbIX ¢hopM noebiwaemcsi 8 6onbuweli cmeneHu, Yem npu duem-uHAyyupo8aHHO20 cmeamozaenamose.
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