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Background: Autoimmune hepatitis (AIH) is an immune-mediated inflammation of the liver characterized
by disorganized hepatic parenchyma and inflammatory cell infiltration. Although the increased incidence
of AIH, the development of novel therapeutic strategies are impeded by the poor understanding of the
accompanied detailed immunopathogenic changes. CD4+ T cells are key mediators of inflammatory cell
infiltration in initial phases of liver injuries like AIH. The distribution of CD4+ cells and the histopathologi-

ie{ words: hepatiti cal changes accompanying Con A-induced AIH were investigated together with the postulated protective
Clljl ﬂTg}sne epatitis effect of Amygdalin (Amg.).
Amygdalin Materials and methods: 30 adult male mice were divided into three groups; control, AIH and AIH-Amg.

groups. AIH was induced by a single intravenous injection of Concanavalin A (Con A) (15 mg/kg). The
AIH-Amg. group received Amg. 5 mg/kg intraperitoneally once a week for three weeks. Blood samples
were examined for ALT and AST. MDA, SOD, and GSH were determined in hepatic homogenates. Liver
section stained with hematoxylin and eosin, Masson trichrome and CD4+ immune stain were examined
by light and electron microscopy.
Results: AIH group showed a significant increase in levels of ALT, AST and MDA and a significant decline
in SOD and GSH compared to the controls. The liver tissue showed distorted hepatic architecture with
intercellular hemorrhage, necrosis, and inflammatory cell infiltration. The area percent of CD4+ immune
staining was significantly increased. Electron microscopic examination showed massive cellular degen-
erative changes. Amg. pretreatment in AIH-Amg. group significantly reversed these changes.
Conclusion: AIH induced CD4+ cells infiltration in the liver with subsequent liver tissue damage. Amg.
pretreatment inhibited CD4+ cell infiltration and protected the liver tissue. This finding suggests that
Amg. could be a therapeutic agent in the management of AIH.

© 2019 Elsevier GmbH. All rights reserved.

1. Introduction

Autoimmune hepatitis (AIH) is an immune-mediated inflamma-
tion of the liver characterized by disorganized hepatic parenchyma
and inflammatory cell infiltration (Christen and Hintermann,
2016). The exact etiology of AIH is still unknown (Aizawa and
Hokari, 2017), however, different pathogens as environmental fac-
tors, viruses and chemicals have been postulated (Czaja, 2011).
AIH reported a progressive increased prevalence and incidence
in all ages and ethnic groups (Gatselis et al., 2015). Yet, the
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management of AIH is still largely restricted to steroids and
cytostatic drugs (Czaja, 2011). The poor understanding of the
detailed immunopathogenic changes accompanying AIH hampers
the development of novel therapeutic strategies (Burak etal.,2013).

A known experimental model of drug-induced AIH in mice
is the use of Concanavalin A (Con A) (Mao et al., 2015). Con
A-induced acute hepatitis matches the histopathological picture
of AIH patients (Ye et al., 2018). Induced autoimmune hepatitis
involves the release of inflammatory mediators and inflammatory
cell infiltration. These pathologic changes can proceed with time to
chronic liver disease (De Biasio et al., 2006). As in other body tis-
sues, the orderly step that follows inflammation is tissue healing by
fibrosis which is a beneficial reversible defense mechanism aiming
to encapsulate the tissue injury (Ebrahimi et al., 2016). However,
the ultimate progression to advanced hepatic fibrosis and/or cir-
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rhosis, which is an irreversible tissue response, disrupt the liver
architecture and function (Friedman, 2008).

CD4+ cells are key mediators of inflammatory responses which
play a crucial role in initial phases of liver injury, regeneration and
graft rejection (Yamamoto et al., 2002). CD4+ cells were supposed
to induce cytokine responses that control liver response to injury
(Salgame et al., 1991). CD4+ cells were reported to direct the Con
A-induced AIH through oxidative stress (Tiegs et al., 1992). Further-
more, the absence of CD4+ cells was found to improve the recovery
of the liver from oxidant-mediated damage (Zwacka et al., 1997).In
this context, agents that can suppress CD4+ cells infiltration could
withhold the subsequent inflammatory cell infiltration, oxidative
stress and improve liver tissue histopathological changes.

Amygdalin (Amg., Vitamin B17) is a cyanogenic glycoside com-
pound which belongs to the group widely distributed in plants like
apricot and peach (Santos Pimenta et al., 2014; Song and Xu, 2014).
Amg. has multiple therapeutic effects as antiatherogenic, antifi-
brotic, anti-inflammatory and antiulcer agent (Chang et al., 2005;
Du et al., 2010; Mirmiranpour et al., 2012). A particular action of
Amg. on the liver is the ability to lower levels of AST, ALT, increase
hydroxyproline content and inhibit proliferation of connective tis-
sue in CCl4 and D-galactosamine treated rats (Wei et al., 2009).

Exploring the relation between CD4+ cells infiltration and the
migration and engraftment of the inflammatory cells with subse-
quent liver histopathological changes in AIH can help to define new
therapeutic agents. The tissue and the cellular distortion accompa-
nying Con A-induced AIH and the postulated protective effect of
Amg. were investigated in this study aiming for the implication of
nontraditional management procedure.

2. Materials and methods

30 adult male Swiss albino mice (20-22 g) obtained from Man-
soura Experimental Research Center, Mansoura, Egypt, were used
in this study. The animals were maintained in the animal house,
under specific pathogen-free conditions in metal cages with soft-
wood chips for bedding under standard laboratory conditions of
temperature and relative humidity. The animals were allowed free
access to a standard commercial diet and tap water ad libitum with
a 12 h light-dark cycle for two weeks before the experiment for
acclimatization and to ensure normal growth and behavior. All the
experimental procedures were carried out in accordance with the
rules and regulations approved by the Institutional Research Board
(IRB) of Mansoura University.

2.1. Chemicals

Concanavalin A (Sigma-Aldrich, St. Louis, MO, USA, product No.
C2010) was dissolved in PBS with a concentration of 1 mg/mL.
Amygdalin was purchased from Sigma-Aldrich St. Louis, MO, USA
(product No. A6005).

Colorimetric kits for alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), malondialdehyde (MDA), superoxide
dismutase (SOD), and reduced glutathione (GSH), were bought
from Spectrum Co. (Cairo, Egypt, products of Sigma-Aldrich Nos
MAKO052, MAKO055, MAK085, 19160, and CS0260).

2.2. Animal grouping

The mice were randomly divided into three groups, 10 mice in
each group. The control group received a single 15 ml intravenous
PBS injection. Con A at a dose of 15 mg/kg body weight was admin-
istered by single intravenous injection to induce AIH in the second
and the third groups (Fei et al., 2016). AIH-Amg group animals
received Amg. 5 mg/kg intraperitoneally once a week for three con-

secutive weeks (Guo et al., 2013). Seven days after the last Amg.
injection, the animals received Con A.

2.3. Sample collection

Twelve hours after the Con A injection, all animals were anes-
thetized with a mixture of ketamine-xylazine (80 and 10 mg/kg,
respectively, i.p.); samples of blood were drawn from the eye sock-
ets and collected in polyethylene tubes after blood centrifugation
and kept at —80C° for further analysis. The livers were rapidly
excised and clearly washed with cold normal saline and cut into
three parts.

One part of the liver tissue was homogenized, centrifuged for
15min at 4C° and the supernatants were kept at -80C°. The
serum levels of ALT and AST were assayed according to the rou-
tine biochemical analysis system. The Levels of MDA, SOD, and GSH
were determined in hepatic homogenates of different experimental
groups based on the methods provided by the kits.

The second part of liver tissue of each animal was fixed in
buffered formalin and embedded in paraffin. Specimen (4-5 j.m)
were placed on polylysine-coated slides and stained with hema-
toxylin and eosin (H&E), Masson trichrome and CD4 immune stain.

2.4. CD4+ cells immunohistochemistry

Briefly, each paraffin section was deparaffinized and rehydrated
through a graded series of ethanol. The antigen retrieval was per-
formed by steaming the slides in the appropriate buffer at different
temperatures and pressures. Endogenous peroxidase was blocked
using a 3% H,0, methanol solution. 5% bovine serum albumin
was applied to block nonspecific staining. Rabbit anti-human CD4
(Sigma-Aldrich, product No. 05-1413) were used for the immuno-
chemistry and counterstained with hematoxylin. Negative control
staining was performed with cold PBS, instead of the primary anti-
body. The detailed steps were in accordance to Niu et al. (2011).

2.5. Electron microscopic examination

For transmission electron microscopy, the third part of the livers
was immersed in 5% glutaraldehyde for two hours then washed in
0.1 m phosphate buffer at4 C° and post-fixed in 1% osmium tetraox-
ide. After dehydration in gradual series of ethanol, the tissues were
embedded in epon 812. Blocks with tissues were cut into semithin
sections, then stained with toluidine blue and examined using a
light microscope. Representative fields of semithin sections were
selected. Ultrathin sections were stained with uranyl acetate and
lead citrate, and examined with transmission electron microscope
jeol (j.e.m.-100 cxi1) and photographed at 80 k.v. in Mansoura Uni-
versity Electron Microscope Unit.

2.6. Image analysis

The area occupied with fibrous tissue in Masson trichrome stain
and CD4+ immune staining was estimated using image analysis
estimated by optical density in randomly selected liver samples
using (Leica Q Win standard, digital camera CH-9435 DFC 290,
Germany). For all measures, ten non-overlapping fields in each
paraffin block for each rat were examined at X400 magnifica-
tion and photographed. The lamp intensity, camera exposure,
and camera gain were kept constant throughout the examina-
tion. The photographs were analyzed for positive staining using
an Image Analyzer with a measuring frame area=786,432.0 um2.
Morphometry was carried out at the Image Analysis Unit, Anatomy
Department, Faculty of Medicine, Taibah University. The relative



126

Table 1
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Effects of Amg. on Con A-induced hepatotoxicity. Serum alanineaminotransferase (ALT), aspartate aminotransferase (AST), liver Malondialdehyde (MDA), Superoxide
dismutase (SOD) and Reduced glutathione (GSH). Data are the mean +SD (n=10).

Control group

AIH group

AIH-Amg. group

423.45+19.24" p1<0.001
736.04+36.26" p1<0.001
54.08+3.59" p1<0.001

294.14+£14.70" p2<0.001
205.7+14.55" p2<0.001
22.73+3.12" p2<0.001

Serum ALT (U/L) 28.25+1.42
Serum AST (U/L) 43.56+2.76
Liver MDA (nmol/g tissue) 18.62+1.36
Liver SOD (U/g tissue) 17.454+1.82
Liver GSH (umol/g tissue) 13.66 £0.76

4.37+0.73" p1<0.001
4.83+0.45 p1<0.001

10.1+1.47 " p2<0.001
13.3+£0.82" p2<0.001

P1: statistical significance between AIH group versus the control group.
P2: statistical significance between AIH-Amg group versus the AIH group.
p>0.05 not significant (ns).
*p<0.05.
**p<0.01.

™ p<0.001.
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Fig. 1. Amg. pretreatment reverses the increase in the liver enzymes, the liver MDA and decreases SOD and GSH induced by Con A. (A) Serum ALT in the control, AIH and
AIH-Amg groups; (B) Serum AST in the control, AIH and AIH-Amg groups; (C) Liver MDA in the control, AIH and AIH-Amg groups; (D) Liver SOD in the control, AIH and

AIH-Amg groups; E. Liver GSH in the contol, AIH and AIH-Amg groups.

fibrosis area and CD4+ immune staining were expressed as the
percentage of the total liver sectional area.

2.7. Statistical analysis

The data were tabulated, coded and then analyzed using the
computer program SPSS (Statistical package for social science) ver-
sion 24. The results are expressed as mean values + SD. Normality

was verified by the Kolmogorov-Smirnov test. In the statistical
comparison between the different groups, the significance of dif-
ference was tested using Student’s t-test to compare the mean of
two groups of numerical (parametric) data. For non- parametric
data, Mann-Whitney U- test was used, ANOVA (analysis of variance)
was used to compare between more than two groups of numerical
(parametric) data and the Kruskal-Wallis for non- parametric data.
Significance was accepted at p <0.05.
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Fig. 2. Histopathological specimens of the liver tissue stained with H&E. (A&B) The control group showing the normal liver architecture with normal central veins and blood
sinusoids. (C&D) The AIH group showing extensive interstitial hemorrhage, areas of cloudy swelling and necrosis. The central veins appeared congested and most of the
hepatocytes showed signs of degeneration with vacuolated cytoplasm and pyknotic nuclei (arrows). Inflammatory cell infiltration mainly neutrophils can be seen intervening
between the hepatocytes (arrowheads). (E&F) AIH-Amg group showed less marked hepatocytes degenerative signs (arrows) and inflammatory cell infiltration (arrowheads).

3. Results stress markers showed a significant elevation of MDA and a sig-
nificant decline in SOD and GSH. Amg. pretreatment in AIH-Amg.
3.1. Biochemical analysis group significantly decreased the serum ALT and AST and decreased

the liver MDA and SOD and increased GSH to near normal levels
AIH group showed a significant increase in the serum level of compared to the AIH group (Table 1, Fig.1).
ALT and AST, compared to the control animals. The liver oxidative
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Fig. 3. Masson trichrome stain. (A&B) The control group. (C&D) AIH group, showing blue-stained collagen fibers in the portal tracts and around the central veins. The fibrous
septae are seen between distorted liver architecture. (E&F) The AIH-Amg. group had a distorted liver architecture with less marked collagen fibrous septa.

3.2. Histopathological, immunohistochemical studies

In comparison to the controls, H&E stained sections of the AIH
group showed distorted hepatic architecture with massive intercel-
lular hemorrhage. The hepatocytes appeared abnormally arranged
with areas of extensive necrosis. Most of the hepatocytes showed
signs of degenerations with cloudy swelling and apoptotic nuclei
separated by congested central veins with inflammatory cell infil-
tration particularly between the hepatocytes or in the adjacent area
to the portal tracts. The AIH-Amg. group showed a less affected

tissue degenerative changes and less marked intercellular hemor-
rhage (Fig. 2).

Masson trichrome stain, in AIH group, showed arelative increase
in the amount of the bluish stained collagen fibers in the portal
tracts and around the central veins. The fibrous septae could be seen
throughout the sections with marked distortion of the liver archi-
tecture. The AIH-Amg. group still had a distorted liver architecture
with less marked collagen fibrous septa (Fig. 3).

By image analysis, the area percent occupied by collagen fibers
were significantly increased in AIH group compared to the control
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Table 2

The relative fibrosis area and the CD4+ immuno-staining area expressed as the percentage of the total liver sectional area, in Masson’s trichrome-stained and in CD4+ immune

stained liver sections. Data are the mean£SD (n=10).

Control group

AIH group AIH-Amg. group

0.202+0.02
11.2117+1.83

The relative fibrosis area
Relative CD4+ area

0.2867+0.07" p1<0.01
29.9316+4.21 p1<0.001

0.2418 +£0.03 p2>0.05
19.6068 +£4.08" p2<0.001

P1: statistical significance between AIH group versus the control group.
P2: statistical significance between AIH-Amg group versus the AIH group.
p>0.05 not significant (ns).
*p<0.05.

” p<0.01.

™ p<0.001.
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Fig. 4. Amg. pretreatment reverses the increase in the area occupied by collagen fibers and the area of CD4+ immune staining induced by Con A. (A) Area percentage of blue
stained fibers in the control, AIH and AIH-Amg groups; (B) Area percentage of CD4+ immune staining in the control, AIH and AIH-Amg groups.

and also non-significantly decreased in AIH-Amg group compared
to the AIH group (Table 2, Fig.4).

CD4 immune stained sections of the control group showed pos-
itive staining of the endothelium of the sinusoids and negative
staining of the endothelium of the central veins. AIH group sections
showed a positively stained cytoplasm of cells around the central
vein and portal tracts. The immunoreactivity was observed in inter-
vening cells between the hepatic cords (Fig. 5). The AIH-Amg. group
showed less marked CD+ cells around the central veins or between
the hepatic cords.

The area percent of CD4+ immune staining was statistically
increased in AIH group compared to the control. On the other hand,
AIH-Amg. group had a significant decrease in CD4 immunoreactiv-
ity in comparison to the AIH group (Table 2, Fig.4).

Electron microscopic examination of the control group showed
the typical hepatocytes with large rounded euchromatic nuclei and
the cytoplasm containing mitochondria, large lipid droplets, and
vesicles of the smooth endoplasmic reticulum. The AIH group had
a degenerating hepatocyte with irregular shrunken nuclei, irregu-
lar swollen mitochondria, disrupted rough endoplasmic reticulum
and duplicated nuclear membranes. The AIH-Amg. group showed
hepatocytes with variable degrees of nuclear degeneration with
less marked cellular changes (Fig.6 ).

4. Discussion

The immune system plays a major role in the regulation of
the liver regenerative and reparative responses. An interaction
between the immune cells and liver controls liver regeneration
and repair (de et al., 2018). AIH is an immune-mediated inflam-
matory process triggered by a variety of factors including drugs,
alcohol and increased dietary load of free fatty acids (Tsuneyama
et al., 2013). AIH can be also propagated by viral infections like
hepatitis C, cytomegalovirus, and influenza A viruses (Christen
and Hintermann, 2014) through the induction of cytokines and
chemokines expression (Christen and Hintermann, 2016).

External inflammatory triggers were used in experimental ani-
mals to mimic the features of AIH inhuman. One of the most
frequently used ways is the application of Con A. Con A-induced AIH
was described as one of the best experimental models for immuno-
logical hepatitis (Wang et al., 2012). Con A induces T cell activation
and cytokine-mediated severe liver injury in mouse (Tiegs et al.,
1992). Asingle dose of Con A was reported to be sufficient to induce
a complete pictured AIH in mice with the availability to investigate
the concomitant inflammatory response (Heymann et al., 2015).

The current study showed that Con A injection induced marked
hepatic histopathologic injuries with inflammatory cell infiltra-
tion and apparently increased tissue fibrosis as manifested by the
microscopic examination and confirmed by the high serum lev-
els of ALT, AST and the increase in area percent of fibrosis. The
deleterious effects of Con A on the liver were previously reported
(Fengetal.,2008; Wang et al., 2019). The cardinal histopathological
characteristic of AIH is the patchy piecemeal necrosis affecting the
hepatocytes caused by plasmacytosis and red blood cell extrava-
sation (Manns et al., 2015). Different types of inflammatory cells
were abundantly present in the portal of AIH sections stretching
into the parenchyma (Senaldi et al., 1992).

Although fibrosis is a feature of chronic AIH (Wang et al., 2019;
Christen and Hintermann, 2016), as the inflammatory cell infiltrat-
ing activates the liver stellate cells (Koyama and Brenner, 2017), the
current study showed a significant increase of collagen fibers in AIH
group despite the short duration of the experiment. This finding
can be explained by the disturbed liver architecture with a relative
expansion of the biliary system fibrous tissue. This effect was not
marked in AIH-Amg. group as it was eliminated by Amg. pretreat-
ment. Pretreatment with Amg was reported to effective against
tissue fibrosis at different durations with the maximum protection
at 21 days (Guo et al., 2013).

The present results confirmed the accumulation of oxidative
stress marker, MDA contaminant with depressed GSH, SOD in the
AIH group. These markers are representative of oxidative stress
evoked by reactive oxygen species overproduction (ROS) and asso-
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Fig. 5. CD4+ immune staining of the liver section of the control group (A&B) Showing positive staining of the endothelium of the sinusoids and negative staining of the
endothelium of the central veins. (C&D) The AIH group showing positively stained cells around the central vein and portal tracts and between the hepatic cords (arrows).
(E&G) The AIH-Amg. group showed less made CD+ cells around the central veins or in-between the hepatic cords (arrows).

ciated lipid peroxidation (Nita and Grzybowski, 2016). In Con
A-induced hepatitis, the immune inflammatory response induces
ROS overproduction which induces increased expression of inflam-
matory cytokines with subsequent acute inflammation and injury
(Wang et al., 2016). The significant decrease in liver MDA and SOD

and increased GSH in AIH-Amg is an indicator of decreased ROS
production and activation of the antioxidant system mediated by
Amg.

A threefold increase in the area percent of CD4+ immune stain-
ing was reported only 24h after AIH induction with increased
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Fig. 6. Electron microscopic examination of the livers of (A) electron micrograph of
a control liver (n=10) showing a part of the liver parenchyma with a hepatocyte fac-
ing the liver sinusoids containing red blood cells (Rbc). The cell cytoplasm shows a
profile of the rough endoplasmic reticulum (curved arrow), mitochondria (arrows),
vesicles of the smooth endoplasmic reticulum (R) and a large euchromatic nucleus
(N). (B) the liver parenchyma of Con A-induced AIH (AIH group, n=10) showing

inflammatory cell infiltration. CD4+ cell infiltration into the liver
was reported to occur very early to activate the inflammatory cas-
cade (Zwacka et al., 1997). Con A injection induces CD4+ cells
recruitment into the liver where it becomes activated to secrete
the cytokines which induce inflammatory reaction (Carambia and
Herkel, 2010; Xue et al., 2015).

CD4+ cells control inflammatory cell infiltration and homing in
the liver through cytokines production. TNFa and IL-1 facilitate
endothelial adherence of neutrophils through either direct activa-
tion of neutrophils themselves (Zwacka et al., 1997) or indirectly
through changes in surface adhesion molecules on endothelial
cells (Yamamoto et al., 2002). A subsequent neutrophil spreading
between the damaged liver tissue is mediated by IFNg and GMCSF
(Robinson, 2017).

Inflammatory cell infiltrating the liver tissue contribute to liver
inflammation (Koyama and Brenner, 2017). The memory pheno-
type CD4+ cells were reported to be involved in programmed cell
death. The accompanied hepatocytes intracellular changes were
evidenced in the present study by the electron microscopic exam-
ination. The cells showed extensive degenerative changes with
irregular shrunken nuclei and abnormal mitochondria and endo-
plasmic reticulum. These massive changes can be explained by the
direct action of the intervened inflammatory cells.

Con A-induced hepatitis was reported to activate T lymphocytes
to secrete various cytokines with subsequent increased all liver
pathological scores (Ye et al., 2018). Similar ultrastructural signs of
cell stress in AIH was reported by Cheng et al. (2014). They inferred
these changes to the accompanying inflammatory cascade that acti-
vates the autophagy pathway. Another study reported even earlier
massive destruction of the hepatocytes was only eight hours after
Con A injection (20 mg/kg).

The role of CD4+ cells in controlling liver tissue response to
injuries was discussed in many pieces of research. Tiegs et al.,
(1992) reported complete protection of mice lacking CD4+ cells
against Con A-induced hepatitis. An evident decrease in hepato-
cellular necrosis and evident reduction in neutrophil infiltration in
CDA4+ cells deficient mice as compared with those with an intact
immune system (Zwacka et al., 1997). CD4+ cell infiltration in the
hepatic tissue was also linked to other forms of liver injury. CD4+
cell influx to the liver after ischemia was reported within the first
hour of reperfusion (Zwacka et al., 1997). On the other hand, CD4+
T lymphocytes depletion have been reported to enhance hepato-
cellular carcinoma in non-alcoholic fatty liver disease (Ostroumov
etal., 2018).

5. Conclusion

The present data demonstrate that Amg. pretreatment pro-
tected the liver by reducing the number of infiltrating CD4+ cells.
The decreased CD4+ cells infiltration pursued a decreased inflam-
matory cell infiltration and inhibited AIH-induced tissue and the
cellular changes. Amg. protective effect is attributed to its anti-
inflammatory and antioxidant activities. These findings suggest
that Amg. could be a therapeutic agent in the management of AIH.
More detailed studies may be needed for further elucidation of the
hepatoprotective effects of Amg.

degenerating hepatocytes with shrunken nuclei (N) and multiple lysosomes (white
arrowheads). The nuclei showed a double nuclear membrane (tailed arrows). The
cytoplasm shows disturbed rough endoplasmic reticulum (curved arrows), bizzar-
shaped mitochondria (arrows) and large lipid droplets (L). (C) The parenchyma of
AIH-Amg group (n=10) showing one hepatocyte with a euchromatic nucleus (N1)
and three irregular nuclei (N2). The cytoplasm contains mitochondria (arrows),
rough endoplasmic reticulum (curved arrow), vesicles of the smooth endoplasmic
reticulum (R), few lysosomes (arrowhead).
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