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Background. The main consequences of progressing of a chronic hepatitis C are a cirrhosis of a liver and hepatocellular 
carcinoma. Considering that for last years number of cases of CHC disease among population of the world has essentially 
increased, creation of adequate methods of an estimation of morphological and metabolic shifts in a liver tissue at CHC is 
the important clin-ical problem. 

Aim: to determine the morphological features of steatosis in patients with CHC and assess its effect on the progression 
of hepatitis.

Materials and methods. Under supervision there were 46 CHC patients in the age of 19–66 years, 36 men and 10 – wom-
en. Liver biopsy was carried out under the control of ultrasonic research with local anesthesia. 

Conclusion. Among CHC patients steatosis of a liver is observed in 60, 9% of supervised. Expressiveness of steatosis on 
Hornboll is distributed: 1-st degree at 13,0% of patients, 2-nd – 28,3%, 3-rd – 19,6%, absence of steatosis- at 39,1%. At initial 
stages of steatosis in hepatocytes of peripheral zone of segments the significant amount lysosomes, which look like lipofuscin 
granules which contain lipide, electronically-dense, small-sized granular, pigmentary component, safety of structure of or-
ganelles, hyperplasia mitochondrions. At expressed steatosis dense lipid vacuoles which borrow the most part of cytoplasm 
of hepatocytes, displace organelles, deform a kernel of cells, damage superficial membranes mitochondrions are observed. In 
periportal zone, on border of contact of hepatocytes which contain lipid granules, and lymphomonocytic infil-trate, the ex-
pressed activation of Kupfer cells, insufficiency of granules in cells of ITO, their transformation in fibroblasts, the expressed 
adjournment of collagenic fibers is observed. 
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Background. The main consequences of pro-
gressing of a chronic hepatitis C are a cirrhosis of 
a liver and hepatocellular carcinoma [1, 2]. Con-
sidering that for last years number of cases of CHC 
disease among population of the world has essen-
tially increased, creation of adequate methods of 
an estimation of morphological and metabolic 
shifts in a liver tissue at CHC is the important clin-
ical problem [3]. The estimation of expressiveness 
of factors which authen-tically influence progress-
ing of a hepatitis is significant at clinico-laboratory 
inspection of CHС patients. It is necessary to as-
cribe to such factors lympho-monocytic infiltrate 
in portal and periportal zones of hepatic segments, 
ad-journment of hemosiderin at a syndrome of 
an overload iron [4], increase in concentration of 
proinflammatory cytokines [5], prevalence of a 
Th2-variant of the immune answer, activation of 
processes peroxide oxidations of lipids [6], activa-

tion of Kupfer and ITO cells [7], etc. Among possi-
ble factors which pos-sess profibrogenic action, is 
steatosis of a liver. In a number of researches it has 
been established, that steatosis at CHС disease is 
the independent factor which assists progressing 
fibrosis in a liver tissue [8]. There are individual 
works in which prevalence of steatosis and patho-
genesis its actions is analyzed at CHС disease [9, 
10], nevertheless because definition of granules of 
lipids in a liver tissue is not included into standard 
morphological methods, there are not enough sci-
entific materials on this problem.

Aim: to determine the morphological features 
of steatosis in patients with CHC and assess its ef-
fect on the progression of hepatitis.

To research problems have entered:
1)	 The analysis of prevalence steatosis at CHC pa-

tients; 
2)	 Definition of structure of expressiveness and 
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localization of ad-journment lipid granules in 
a liver tissue at CHС disease by means of stan-
dard morphological and computer morpho-
metrical methods;

3)	 Research of electronically-microscopic features 
of adjournment li-pid granules at CHC pa-
tients; 

4)	 The analysis of possible correlative communi-
cations between stea-tosis, histologic activity 
and a stage of fibrosis at CHС.

MATERIALS AND METHODS

Under supervision there were 46 CHC patients 
in the age of 19–66 years, 36 men and 10 – women. 
Diagnosis of CHС has been established on the ba-
sis of a complex of clinico-biochemical parameters, 
proved to be true by definition of antibodies-аn-
ti-HCV and polymerases chain reaction – HCV-
RNA, carrying out ultrasonic researches of organs 
of a abdominal cavity with definition of the sizes of 
a liver, its ultrasonic density, a condition of vessels, 
bile ducts. To ex-cept virus hepatitis of another eti-
ology research of HbsAg, HbeAg, аnti - HbeAg, 
аnti- HbcIg M, аnti - Hbc total, аnti - Hbs, аnti - 
HDV eas carried out. Liver biopsy was carried out 
under the control of ultrasonic research with local 
anesthesia. The size of a fragment of a liver tissue 
which has been received at biopsy, was more than 
10 mm. For colouring histologic samples we used 
such methods of colouring: with hematoxylin and 
eosine, pirofuxine according to Van-Geeson, defi-
nition of liver steatosis by a technique. The stage of 
fibrosis was defined on METAVIR [11], an index 
of histologic activity on Knodell R.G. et al. [12]. 

The group of CHC patients has been distribut-
ed on 2 groups according to attributes of activity 
of process. To group with minimal activity of CHС 
(scores on Knodell 1–8 points) have entered 27 
(58, 7%) men, with the moder-ate activity (scores 
on Knodell 9–15 points) – 19 (41, 3%). Among 46 
surveyed the stage of fibrosis F0 – was at 4 patients 
(8, 7%), F1 – at 14 (30, 4%), F2 – at 11 (23, 9%), F3 
– at 10 (21, 7%), F4 – at 7 (15,3%). Expressiveness 
of steatosis was defined by Hornboll P technique., 
1982 [13] where 1-st degree of steatosis – if fatty 
vacuoles are defined in 1/3 hepatocytes, 2-nd de-
gree - fatty vacuoles are defined more than in 1/3 

hepatocytes and 3-rd degree – fatty vacuoles take 
place more than in 2/3 hepatocytes.

Also for an estimation of expressiveness of ste-
atosis at CHC patients the specialized package of 
applied programs “Hepatomоrрhоlоg” (by Pinsky 
L.L., Ovcharenko V.V. has been used; the certificate 
on registration of the copyright 10060). The data 
of given morphometrical researches gained as a re-
sult of work were exported to program Excel for 
the further statistical processing. In each received 
picture of a histologic preparation such parameters 
were defined: the specific area of adjournment of 
lipid granules (LG) in histologic cuts of a liver of 
CHC patients (SALG), quantity of hepatocytes in 
the surveyed site of segments, the average area of 
lipid granules per 1 hepatocyte (AALG). SALG has 
been received by division of the area of adjourn-
ment of LG in an investi-gated site of a liver tissue 
into a total area of this site. AALG has been cal-
culat-ed by division of area of LG into quantity of 
hepatocytes in the same site of a liver. All morpho-
metrical researches were done in 3 zones of seg-
ments: centri-lobular, peripheral and portal. 

Statistical processing of the obtained results was 
carried out using the method of variance and dis-
criminant analysis using the software package SPSS 
v.22, Excel 2016 in the Windows 10 environment. 
All samples were assessed for the level of normal-
ity of distribution according to the Kolmogor-
ov-Smirnov scale and Shapiro-Wilk criteria and, in 
In the absence of this correspondence even in one 
of the groups, nonparametric statistics methods 
were used (Mann-Whitney, Wilcoxon tests) [14].

RESULTS AND DISCUSSION

As a result of made by us researches it has been 
established, that fatty and albuminous dystrophy 
of hepatocytes, polymorphism of their kernels, fo-
cal and step necrosis, focal infiltration segments 
and portal pathes can be ob-served in liver tissue 
of CHC patients. The portal and sine wave scle-
rosis, for-mation сonnective-tissue septs also took 
place. In the surveyed group the min-imal histo-
logic activity (1–8 points on Knodell) the moder-
ate histologic activi-ty (9–15 points on Knodell) – 
at 19 patients (41, 3%) has been established at 27 
patients CHС (58,7%). 
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In the general group of CHC patients steato-
sis of a liver has been verified at 28 of 46 patients 
(60,9%). On stages of steatosis according to Horn-
boll the group of CHC patients has been distribut-
ed thus: 1-st degree – at 6 patients (13,0%), 2-nd 
degree – at 13 (28,3%), 3-rd degree – at 9 (19,6%), 
absence of steatosis – at 18 sick (39,1%). In group 
with the minimal histologic activity (1–8 points on 
Knodell) steatosis was at 14 of 27 patients (51,9 %), 
in group with the moderate activity – at 14 of 19 
(73,7%). 

At microscopic research it has been established, 
that the initial degree of steatosis is accompanied by 
adjournment of lipid mainly in centrilobular zone 
of segments. At progressing steatosis small-sized 
granular steatosis in centri-lobular zone is trans-
formed into large granular, and in periportal zone 
there are centers of small-sized granular steatosis. 
At increase to 3-rd degree of steatosis its charac-
ter varies on large granular not only in centrilob-
ular zone, but in periportal. Destruction of hepatic 
beams which takes place at a stage of fibro-sis F4 
(cirrhosis) is accompanied by reduction of adjourn-
ment of lipid vacuoles in hepatocytes all zones. 

At electronically-microscopic research of bi-
opsy-piece a liver of patients with steatosis. It has 
been established, that in many hepatocytes, main-
ly, of 3-rd zone are observed numerous vacuoles 
of fats which have the different sizes, from small-
sized granular up to large granular and different 
electronic density (fig. 1). 

In hepatocytes fatty drops can freely be in cyto-

plasm or in tanks of endo-plasmatic netting. In a 
significant amount of hepatocytes, dense lipid vac-
uoles borrow the majority of cytoplasm, displace 
organelles, deform a kernel of a cell, have contact 
with mitochondrions. In a place of this contact 
mitochondri-ons get attributes of damage of the 
superficial membrane (fig. 2).

Meanwhile, a part of hepatocytes of periportal 
zone has the same struc-ture of organellas, hyper-
plasia of mitochondrions and granular endoplas-
matic networks, occurrence of lipofuscine gran-
ules which contain lipid, an electroni-cally-dense 
pigmentary component and matrix of moderate 
electronic density which testifies presence of com-
pensating reparative processes with attributes of 
endocellular degradation of fatty granules.

In periportal zone of segments at the minimal 
histologic activity and weakly expressed steatosis 
of hepatocytes, one can observe lipocytes with 
great outgrons, great kernels, mainly of oval form, 
insignificant quantity of or-ganellas, well devel-
oped lamellar complex, separate lipid inclusions. 

At acute steatosis and moderate histologic activ-
ity of CHС, in periportal hepatocytes the quantity 
of phagolysosomes increases, degranulate and di-
la-tion of tanks of granular endoplasmatic network 
swelling, an enlightenment of matrix of mitochon-
drions, disorganization of their cristas, occurrence 
of paracrystal and lipid inclusions is observed. 

At the analysis of interaction between immu-
nocompetent cells of a portal zone and hepato-
cytes which contain lipid granules, we established 
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Fig.1. Initial manifestations of collagen formation (CF) 
with concomitant stea-tosis (Electrogram of the  
patient’s liver tissue, CF − collagen formation,  

LG − lipid granules, x12000)

Fig.2. Significant deposits of lipid granules (LG) in 
hepatocytes (Electron-nogram of liver tissue of the 

patient, B., CK − cellular kernel, х12000)
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presence of peripolesis. And after an output into a 
gleam of sinusoid and space Disse lym-phocytes 
had contact with cytoplasmatic membrane of he-
patocytes, that was accompanied by significant 
accumulation of lipid granules near a pole of he-
patocytes where there was a contact with lympho-
cytes (fig.3). Presence of this feature of interaction 
between lymphocytes and lipidcontained hepato-
cytes at steatosis demands the further studying.

At expressed steatosis in sinusoids in a zone 
of contact of hepatocytes with lymphomonocyt-
ic infiltrate, substantial growth of destructively 
changed organelles of hepatocytes, lipid granules, 
significant activation of Kupfer cells (swelling of 
kernels, separation of KC from a wall a sinusoid, 
activation of phagocytosis), disappearance from 
cells ITO of granules, their transformation in fi-
broblasts is observed. Mature fibroblasts have ex-
pressed granular endo-plasmatic reticulum, the 
developed lamellar complex, elements contracted 
fila-ments, takes place expressed perisinusoid and 
pericellular fibrosis with ad-journment of dense 
bunches fibrils (fig.4). 

CONCLUSIONS

1.	 Among CHC patients steatosis of a liver is ob-
served in 60, 9% of supervisied. Expressiveness 
of steatosis on Hornboll is distributed: 1-st de-
gree at 13,0% of patients, 2-nd – 28,3%, 3-rd – 
19,6%, absence of steatosis- at 39,1%. 

2.	 At initial stages of steatosis in hepatocytes of 
peripheral zone of segments the significant 
amount lysosomes, which look like lipofus-
cine granules which contain lipid, electroni-
cally-dense, small-sized granular, pigmentary 
component, safety of structure of organellas, 
hyperplasia mitochondrions. 

3.	 At expressed steatosis dense lipid vacuoles 
which borrow the most part of cytoplasm of 
hepatocytes, displace organellas, deform a ker-
nel of cells, damage superficial membranes mi-
tochondrions are observed. In periportal zone, 
on border of contact of hepatocytes which con-
tain lipid granules, and lymphomonocytic in-
filtrate, the expressed activation of Kupfer cells, 
insufficiency ofgranules in cells of ITO, their 
transformation in fibroblasts, the expressed ad-
journment of collagenic fibres is observed. 

Conflict of interests. The authors of this man-
uscript claim that there is no conflict of interest 
during the research and writing of the manuscript.

Sources of funding. The execution of this study 
and the writing of the manuscript were accom-
plished without external funding.

REFERENCES

1.	 Azzi J, Dorival C, Cagnot C, Fontaine H, Lu-
sivika-Nzinga C, Leroy V, Ledinghen VD, Tran 
A, Zoulim F, Alric L, Gournay J, Bronowicki 

Fig.4. A significant stage of fibrosis with widespread 
deposits of collagen fibers (CF) in the periportal 

zone (Electronogram of the liver tissue of patient C., 
CK - cel-lular kernel, MH - mitochondria, x12000)

СК

MH

CF

Fig.3. Lymphocytic infiltration of liver tissue  
(Electronnogram of a liver tissue of the patient M.,  

LC – Lymphocyte, HC – hepatocyte, х12000)

LC HC



ISSN 2664-472X. e ISSN 2664-4738. Medical science of Ukraine / Медична наука України, 2024, Vol. 20 № 1 43

STEATOUS CHANGES IN HEPATOCYTES IN PATIENTS WITH CHRONIC HEPATITIS C

JP, Decaens T, Riachi G, Mikhail N, Soliman 
R, Shiha G, Pol S, Carrat F, Ganne-Carrié N. 
Prediction of hepatocellular carcinoma in Hep-
atitis C patients with advanced fibrosis after 
sustained virologic response Clin Res Hepa-
tol Gastroenterol. 2022. Jun Jul; 46(6):101923. 
DOI: 10.1016j.clinre.2022.101923. 

2. Virzì A, Motos VG, Tripon S, Baumert TF, Lup-
berger J. Profibrotic Signaling and HCC Risk
during Chronic Viral Hepatitis: Biomarker
Development Re view J Clin Med. 2021. Mar
2;10(5):977. DOI: 10.3390jcm10050977.

3. Amaddeo G, Nguyen CT, Maillé P, Mulé S, Lu-
ciani A, Machou C, Rodrigues A, Regnault H,
Mallat A, Laurent A, Lafdil F, Hézode C, Paw-
lotsky JM, Calderaro J. Intrahepatic immune
changes after hepati-tis C virus eradication by
direct acting antiviral therapy Liver Int. 2020.
Jan;40(1). p. 74-82. DOI: 10.1111liv.14226.

4. Batsaikhan B, Gantumur G, Huang CI, Yeh ML,
Huang CF, Lin ZY, Chen C, Huang JF, Yu ML,
Chuang WL, Lee JC, Dai CY. Elevated se-rum
ferritin level associated with hepatic steatosis
and fibrosis in hep-atitis C virus infected pa-
tients J. Chin. Med. Assoc. 2019. Feb;82(2). p. 99-
104. DOI: 10.1097JCMA.0000000000000009.

5. Ferreira J, Oliveira M, Bicho M, Serejo F. Role
of Inflammato ryIm-mune Response and
Cytokine Polymorphisms in the Severity of
Chronic Hepatitis C (CHC) before and after
Direct Acting Antiviral (DAAs) Treatment
Int. J. Mol. Sci. 2023. Jan 10. 24(2) : 1380. DOI:
10.3390ijms24021380.

6. Đorđević V, Đorđević DS, Kocić B, Dinić M,
Sokolović D, Stanković JP. The Impact of Hep-
atitis C Virus Geno types on Oxidative Stress
Markers and Catalase Activity Oxid Med Cell
Longev. 2021. Feb. 25:2021:6676057. DOI:
10.115520216676057.

7. Sufletel RT, Melincovici CS, Orășan OH, Zaha-
rie T, Gheban BA, Is-trate A, Constantin AM,
Mihu CM. Activated Hepatic Stellate Cells (Ito
Cells) – Marker of Advanced Fibrosis in Chron-
ic Viral Hepatitis C: A Pilot Study J. Gastroin-
testin Liver Dis. 2023. Jun 22;32(2):170-181.
DOI: 10.15403jgld 4726.

8. Nabeel Alzahrani Hepatitis C virus, insulin
resistance, and diabetes: A review. Review Mi-
crobiol Immunol. 2022. Oct;66(10). p. 453-459.
DOI: 10.11111348 0421.13023.

9. Khokhar N., Mushtaq M., Mukhtar A.S. F Ilahi.
Steatosis and chronic hepatitis C virus infection
J. Pak. Med. Assoc. 2004. Mar.54 (3.) P.110-112.

10. Castera L., Chouteau P., Hezode C. Zafrani
ES, Dhumeaux D, Pawlot-sky JM. Hepatitis C
virus-induced hepatocellular steatosis Am. J.
Gas-troenterol. 2005. Mar; 100 (3). P.711-715.
DOI: 10.1111/j.1572-0241.2005.40898.x

11. The French METAVIR Cooperative Study
Group. Intraobserver and interob server vari-
ations in liver biopsy interpretation in patients
with chronic hepatitis C Hepatology. 1994. N
20. P. 15-20.

12. Knodell RG., Ishak KG., Black WC. Chen T S,
Craig R, Kaplowitz N, Kiernan TW, Wollman
J. Formulation and application of a numerical
scoring system for assessing histological ac-
tivity in asymptomatic chronic active hepatitis
Hepatology. 1981. 1. P. 431-435. DOI: 10.1002/
hep.1840010511

13. Hornboll P., Olsen TS. Fatty changes in the liv-
er: the relation to age, overweight and diabe-
tes mellitus Acta Pathol. Microbiol. Immunol.
Scand. 1982. May; 90 (3). P. 199-205.

14. Dr. Anuj Mittal Shivali Mittal Hands On Man-
ual For Biomedical Sta-tistics. 2nd Edition
Publisher: Century Publications. 2019. 159 p.
ISBN: 9788188132911



ISSN 2664-472X. e ISSN 2664-4738. Medical science of Ukraine / Медична наука України, 2024, Vol. 20 № 144

Pinsky L.L., Golubovska O.A., Khaitovich M.V. 
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Актуальність. Основними наслідками прогресування хронічного гепатиту С є ци-роз печінки та 
гепатоцелюлярна карцинома. Враховуючи, що за останні роки кількість випадків ХГС серед населення світу істотно 
зросла, створення адекватних методів оцінки морфологічних і метаболічних зрушень у тканині печінки при ХГС 
є важливою клінічною проблемою.

Ціль: визначити морфологічні особливості стеатозу у хворих на ХГС та оцінити йо-го вплив на прогресування 
гепатиту.

Матеріали та методи. Під наглядом перебувало 46 хворих на ХГС віком 19 - 66 років, 36 чоловіків і 10 - жінок. 
Біопсію печінки проводили під контролем ультразвуково-го дослідження з місцевою анестезією.

Висновки. Серед хворих на ХГС стеатоз печінки спостерігається у 60,9% спостере-жених. Вираженість стеатозу 
по Hornboll розподіляється таким чином: 1-а ступень у 13,0% хворих, 2-а – 28,3%, 3-а – 19,6%, відсутність стеатозу 
– у 39,1% хворих. На початкових стадіях стеатозу в гепатоцитах периферійної зони сегментів значна кількість 
лізосом, які мають вигляд ліпофусцинових гранул, які містять ліпідний, електронно-щільний, дрібно-зернистий, 
пігментний компонент, збереженість структури органел, гіперплазовані міто-хондрії. При вираженому стеатозі 
спостерігаються щільні ліпідні вакуолі, які займають більшу частину цитоплазми гепатоцитів та витісняють 
органели, деформують ядро клітин, ушкоджують поверхневі мембрани мітохондрій. У перипортальній зоні, на межі 
контакту гепатоцитів, які містять ліпідні гранули, і лімфомоноцитарного інфільтрату спо-стерігається виражена 
активація купферівських клітин, недостатність гранул в клітинах ІТО, їх трансформація у фібробласти, виражене 
відкладання колагенових волокон.

Ключові слова: хронічний гепатит С, печінка, стеатоз, електронна мікроскопія.


