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The effect of etanercept and anakinra on experimental type 2 diabetes pathology in rats
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Abstract

In this study, the effects of etanercept, anakinra, and their combination on streptozotocin-
induced type 2 diabetes in rats were pathologically evaluated. A total of 30 rats were separated
into 5 groups as control (C), diabetes (D), diabetes + anakinra (DA), diabetes + etanercept (DE),
and diabetes + anakinra + etanercept (DAE). Anakinra (10 mg/kg/day, s.c.) and etanercept
(10 mg/kg, twice weekly, s.c.) were administered to the DA and DE groups, respectively,
and the DAE group received both anakinra and etanercept for 21 days. Histopathologically,
pathological changes related to diabetes in internal organs occurred in the diabetes group,
and there was a significant decrease (improvement) in these changes in the treatment groups
(P < 0.05). There was no significant difference (P > 0.05) between the treatment groups,
but some changes in the liver and kidneys were higher in the combined group which
should be taken into account for longer use. Although there was no significant difference,
etanercept was more effective on pancreatic lesion scores and anakinra was more effective
on testicular changes. As a result, the single or combined use of IL-1 and TNF-a antagonists
anakinra and etanercept were effective in the treatment of type 2 diabetes in rats without any
toxic-pathological effect.

Histopathology, IL-1, TNF-alpha

Diabetes mellitus is a chronic metabolic disease characterized by a steady increase
in blood sugar levels developed by the combined effects of genetic and environmental
factors (Mirmiran et al. 2014). Diabetes occurs in two ways as a decrease in insulin
production (Type | diabetes) and/or due to insulin resistance (Type 2 diabetes). Type
2 diabetes mellitus (T2DM) is a multifactorial disease that results from ineffective use
of insulin by the body and causes chronic hyperglycaemia (Gopalakrishnan and
Geetha 2017). T2DM, which represents 90% of diabetes mellitus cases, is qualified by
hyperglycaemia and high circulating free fatty acids (Keane et al. 2017). In the event
of chronic hyperglycaemia, some microvascular (nephropathy, neuropathy, and retinopathy)
and macrovascular (coronary artery disease, peripheral artery disease) complications may
take place in both types of diabetes (Chawla et al. 2016).

Glucose toxicity, which is an important feature of diabetes mellitus, leads to reactive
oxygen species (ROS) production, which induces oxidative stress. Oxidative stress caused
by hyperglycaemia is believed to augment the levels of pro-inflammatory proteins that
stimulate many inflammatory cytokines that cause local and systemic inflammation
(Wellen and Hotamisligil 2005). ROS production increases the production of tumour
necrosis factor-alpha (TNF-a), plasminogen activating inhibitor-1 (PAI-1), monocyte
chemoattractant protein-1 (MCP-1), resistin and leptin, while decreasing the production
of adiponectin (Trayhurn and Wood 2005).

Interleukin-6 (IL-6), interleukin-1 beta (IL-1B), and TNF-a are important pro-inflammatory
agents that cause inflammation in vital organs in the body in normal homeostasis (Donath
and Shoelson 2011; Akash et al. 2013). TNF-a is mainly secreted from macrophages and
can induce IL-6 and IL-1fB expression as an inflammatory factor (Harford et al. 2011).
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In previous studies, it was reported that a high TNF-a level plays a role in the pathophysiology
of insulin resistance and the development of T2DM (Swaroop et al. 2012).

The main sources of IL-1f are blood monocytes, tissue macrophages, and dendritic cells.
Besides, B lymphocytes and NK cells also produce IL-1p (Kim et al. 2013). In cases
of infection or injury, IL-1p induces the production of cytokines and chemokines from
the endothelial, epithelial, and immunocomplex cells. Also, IL-1f can cause macrophage
infiltration by acting on pancreatic islets (Ehses et al. 2007). IL-1B not only causes
degenerative changes in B cells and impaired insulin secretion, but also impairs insulin
signalling transduction in target tissues (Maedler et al. 2009). High glucose and free fatty
acid levels lead to increased IL-1p activity, activation of the NF-kB pathway, oxidative
stress, mononuclear cell infiltration and activation, and the development of insulin-
dependent disorders (Akash et al. 2013).

The use of IL-1 antagonists in T2DM has been reported to reduce systemic inflammation,
hyperglycaemia, and B-cell dysfunction (Larsen et al. 2007). In a study conducted
on diabetic rats with anakinra, one of the IL-1 antagonists, it was observed that inflammation
and insulin resistance decreased and PB-cell functions improved (Ehses et al. 2009).
Similarly, it was emphasized that the use of etanercept, which is TNF-a antagonist in the
treatment of T2DM, regulates inflammation and the release of adipokines reduces systemic
inflammation and glucose concentration to normal and increases adiponectin expression
(Dominguez et al. 2005; Bonilla et al. 2007; Stanley et al. 2011). Thus, hindering
such disorders by specifically antagonizing these proinflammatory cytokines is considered
a good treatment strategy. In our study, we aimed to investigate the pathological effects
of antagonizing IL-1f and TNF-a with anakinra and etanercept both individually and in
combination in rats with T2DM.

Materials and Methods
Animals

The research trials were carried out on 30 Wistar Albino rats, 6-10 weeks old and 200-250 g live weight. The
experimental animals were given feed and water ad libitum. The ration composition for the healthy control group
— dry matter: 89%, crude protein: 21%, cellulose: at most 5%, ash: at most 10%, Ca: 2%, P: 1%, NaCl: 0.5%,
ME: 2850 kcal/kg determined. Animals were housed under 12/12 h light/dark regime, 22 + 2 °C, and 55 + 5%
humidity. The compliance of the study with ethical principles was approved by the Selcuk University Faculty
of Veterinary Medicine Experimental Animal Production and Research Centre Ethics Committee (No: 2020/47).

Development of experimental T2DM model and experimental design

In the study, the experimental T2DM model was made according to the method suggested by Srinivasan
et al. (2005). Accordingly, animals were administered a high-fat diet (HFD) in which 58% of the metabolic energy
was comprised of animal fat (Table 1). After feeding on this diet for 2 weeks, 35 mg/kg Streptozotocin (STZ, > 98%,
Sigma-Aldrich Co., USA, dissolved in citrate buffer [pH 4.5, 20 mg/ml]) was administered intraperitoneally
(i.p.). Animals with a fasting blood glucose concentration higher than 300 mg/dl seven days after this application
were considered Type 2 diabetic. The rats were fed ad libitum
HFD diet during a total trial period of 21 days. The DA group
was given anakinra (10 mg/kg/day, subcutaneously, s.c.) (Ehses

Table 1. Components of a high fat diet.

Feed Comp(‘)nents % et al. 2009) while the DE group was given etanercept (10 mg/kg,
Vegetable oil 3.00  twice weekly, s.c.) (Dogrul et al. 2011) for 21 days after the
Animal fat 37.00 development of diabetes. In addition, the DAE group was given
a combination treatment of anakinra (10 mg/kg/day, s.c.) and
Yello.w cor'n 30.50 etanercept (10 mg/kg, s.c., twice a week) for 21 days. At the end of
Casein (dried) 20.00  the trial period, cuthanasia was performed by cervical dislocation
Soybean meal (48%) 4.50 method under Na-thiopental anaesthesia (40 mg/kg, i.p.).
Dicalcium phosphate 170 Histopathological examination
DI-Methionine 0.20 After the rats were euthanized, their macroscopic findings
Limestone 1.60 were recorded by systemic necropsies. Samples were taken
Salt 0.50 from the organs for histopathological examination and fixated in
o . ' 10% buffered formol. After routine tissue processing procedure,
Vitamin-mineral mix 1.00

paraffin blocks were obtained and sections with a thickness of
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5 microns were taken. All sections were stained with haematoxylin-eosin (HE). Besides, pancreases were stained
with aldehyde fuchsin (AF) (Luna 1968). All preparations were evaluated under a light microscope (Olympus
BXS51, Tokyo, Japan). Lesions in the organs were scored as mild (1), moderate (2), and severe (3) (Vardi et al.
2005; Ozdemir et al. 2009). Scoring of AF staining on the pancreas; full staining (4), three staining in four (3),
two staining in four (2), and one dyeing in four (1) in the form was applied.

Statistical analysis

Histopathological scores obtained from the study were subjected to normal distribution test with SPSS 22.0
(SPSS, Inc., Chicago, IL, USA) statistical program. Normally distributed data and parametric data were evaluated
by One-Way ANOVA post hoc Duncan test and lettered. Since it did not show a normal distribution, it was
evaluated with Mann-Whitney U test. P < 0.05 was considered significant.

Results

Macroscopic findings

On macroscopic examination, the kidneys of the D group animals were more swollen
and paler than the C group. When compared to the C group, bodyweight decreased
in the D, DA, DE, and DAE groups (P < 0.05, Fig. 1). Relative kidney weight increased
in the D, DA and DAE groups compared to the C group (P < 0.05). However, there was
no significant difference between the DE group and the C and D groups (P > 0.05, Fig. 2).

36867

310.33%

269.50°

c D DA DE DAE
Fig. 1. Body weight (g) at the end of the study. C — control; D — diabetes; DA — diabetes + anakinra; DE — diabetes
+ etanercept; DAE — diabetes + anakinra + etanercept
»®Values without common superscripts are significantly different (P < 0.05).
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Fig. 2. Kidney and relative kidney weight. C — control; D — diabetes; DA — diabetes + anakinra; DE — diabetes
+ etanercept; DAE — diabetes + anakinra + etanercept
AB.abValues without common superscripts are significantly different (P < 0.05).
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Microscopic findings

The histopathological changes in the organs of the experimental T2DM model created
with a high-fat diet and streptozotocin of the IL-1 antagonist anakinra and the TNF-a
antagonist etanercept are presented in Tables 3 and 4.

Pancreas

Pancreases of the rats in the control group were observed as Langerhans islets dispersed
within the normal exocrine and acinar architecture (Plate XIII, Figs 3.1-6), and mostly
basophilic beta cells and less acidophilic alpha cells were observed in these islets. In the
D group, besides the shrinkage of Langerhans islets, degeneration, and decrease in numbers
(necrosis and apoptosis) were also detected in basophilic cells (Fig. 3.7). Also, hydropic
degeneration was detected in the acinar cells in the exocrine pancreas. Although milder
scores were observed in the treatment groups (DA, DE, DAE) compared to the D group (Figs
3.3-5 and 8-10), the scores were similar to the healthy control group (P > 0.05, Table 2).
Although AF staining scores for determining the density of B-cells in Langerhans islets
decreased considerably in the D group (Fig. 3.2), the treatment groups showed an increase
when compared to the D group (P < 0.05, Table 3).

Table 2. Histopathological examination.

Organ  Lesions C (n:6) D (n:6) DA (n:6) DE (n:6) DAE (n:6) P value
Degeneration

Pancreas and necrosis 0.58+0.08* 1.33+0.27° 0.83+0.10* 0.83+0.10* 0.83+0.10*° <0.05
in B-cells
Hydropic

degeneration 0.17+0.11* 1.33+£0.11° 0.83+0.11* 0.83+0.11* 1.00+0.13> =0.00
in hepatocytes

Liver gty change 0.00+0.00° 033+021° 0.00+0.00° 0.00+0.00° 0.00=0.00° >0.05
MNC infiltration
. 0.00 +0.00° 0.42+0.20> 0.08+0.08* 0.00+0.00*° 0.08+0.08 >0.05
in the portal area
Hydropic
degeneration 0.58+0.08* 1.33+£0.28 0.83+0.11*° 0.83+0.11* 0.83+0.11* <0.05
in tubulus

. Expansion in the

Kidney , 0.08+0.08* 0.92+0.24* 0.75+0.28° 1.08+0.15>° 0.75+0.11> <0.05
Bowman’s space
Interstitial MNC
. . 0.00+0.00*° 0.50+0.22* 0.83+0.83* 1.17+0.79* 0.00+0.00° >0.05
infiltration
Hyaline casts 0.58+£0.08* 1.25+0.17° 0.75+£0.17* 0.75+0.11* 1.25+£0.21° <0.05
Hydropic

Testis degeneration 1.00 £0.00* 2.50+0.22° 1.67+0.21° 1.83+0.17° 1.83+0.31° <0.01
in tubulus

ab.¢ different superscripts within a row denote significance (P < 0.05). C — control; D — diabetes; DA — diabetes
+ anakinra; DE — diabetes + etanercept; DAE — diabetes + anakinra + etanercept

Liver

The histological appearance of the liver was found to be normal in the control group rats
(Plate XIII, Fig. 3.11). In group D, pale colour was noted due to hydropic and/or vacuolar
degeneration in hepatocytes. Besides, some hepatocytes showed stages of necrosis
(pyknosis, karyorrhexis, karyolysis). Dissociation in remark cords and enlargement
in sinusoids were determined (Fig. 3.12). Fat vacuoles were detected in some hepatocytes.
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Table 3. Beta-cell density determined by Also, mononuclear cell infiltrations, mostly

aldehyde fuchsin staining. composed of histiocytes and lymphocytes, were
Pancreas Aldehyde fuchsin scores detected in the portal area. Although there are signs
C 4.00 < 0.00° of hydropic degeneration in hepatocytes in the
D 1,00+ 022 treatment groups (DA, DE, DA.E),. it was determined
DA 1.83 4 0.21° that these changes decreased significantly compared
DE 200 £ 026" to the D group (P < 0.05, Table 2, Figs 3.12-15).
DAE 1.83+0.210 Kidney

b ¢ Different superscripts between groups The kidneys of the control group rats had
Edica(;¢ ijgniﬁcgr}ze (Pd'< g~05)- E - Col?_tml% anormal tubular and glomerular structure (Plate XIII,
D, ddiies DA dibets | ks Fig. 3.16). Hydropic degeneration and_pycnoti
+ anakinra + etanercept nuclei were found in the tubular epithelium in

the D group. Hyaline casts in the tubular lumen
and mononuclear cell infiltration in the interstitial tissue were found, all of the mild
severity. Tubulous basement membranes were observed to be normal. Although hydropic
degeneration in the tubular epithelium decreased in the treatment groups compared to
the diabetes group, it was found that there was no significant difference in other findings
(Table 2). It was observed that the enlargement in the Bowman’s space in group D did not
decrease in the therapy groups. In addition, all cases were examined in terms of mesangial
hypertrophy, glomerulosclerosis, and thickening of the basement membrane. However, no
significant difference was found between groups (P > 0.05, Figs 3.17-20).

Testis

A normal testicular appearance was detected in the control group. In the D group,
a decrease in the germinative epithelium of the tubules seminiferous contortus (TSC)
due to degeneration and necrosis was detected. Although oedema and thickening in some
vessel walls, mononuclear cell infiltration in the interstitial tissue, and giant cell formations
were seen, it was observed that they did not make a significant difference (P > 0.05).
In the treatment groups, it was determined that the pathological findings observed in the
TSC cells decreased (P < 0.05).

Table 4. Organ scores according to importance of Although there was no significant

histopathological findings within the group. difference, it was observed that
C D DA DE DAE ctanercept was more effective on
Pancreas 1 5 1 1 | Ppancreatic lesion scores and anakinra
. was more effective on testicular
Liver 3 7 4 4 4 . .
. changes. Considering the organ scores
Kidney 4 7 5 5 6 . .
according to the importance of the
Spleen 3 5 3 3 3.5 . . . .
histopathological findings within the
Testes 1 3 2 2 2 o/ =
group (Table 4), 75% improvement
Total scores 12 24 15 15 15.5 T
was detected in individual treatments,
*) % 0  +100 +25 +25 +29

and 71% improvement was detected in

Histopathological findings in the organs within the the combined application.
group were scored according to statistical significance
in Table 2 and the total score for each organ was determined

(scores; a: 1, b: 2, ¢: 3, d: 4, e: 5) and the total score Discussion
of the group was determined.) (*) Increase in lesion ) ) .
scores compared to control group (+). In other words, Normally, inflammation 1S

while 75% improvement was determined in individual considered a beneficial reaction to
treatments, 71% improvement was determined in combined the host; irregular, excessive, or

application. C — control; D — diabetes; DA — diabetes .
+ anakinra; DE — diabetes + etanercept; DAE — diabetes prolonged inflammatory responses
+ anakinra + etanercept may lead to the development of acute
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or chronic inflammatory diseases by causing tissue damage. These inflammatory responses
have been reported to activate the release of various proinflammatory cytokines through
some molecular pathways or oxidative stress (Rehman and Akash 2016). Especially high
blood glucose and/or lipid levels consistently cause a mild inflammatory response. This
case results in the development of insulin resistance by affecting the insulin mechanism
pathways. After the development of insulin resistance, tissue damage and [ -cell
dysfunction may develop due to oxidative stress and altered insulin sensitivity of the cells.
Proinflammatory cytokines and oxidative stress are very important in the development
of T2DM and insulin resistance (Akash et al. 2012; Akash et al. 2013). Proinflammatory
factors such as TNF-a and IL-1 have been reported to contribute significantly to the
development of T2DM (Akash et al. 2012; Swaroop et al. 2012). In this experimental
study, which was planned based on the idea that diabetes and diabetic symptoms
can be reduced by specifically suppressing these proinflammatory cytokines with
etanercept and/or anakinra, histopathological findings in various tissues and organs
were evaluated.

When the histopathological findings of the pancreas were evaluated in our study
(HE and AF stain), pathological findings such as atrophy in Langerhans islets, degeneration,
and necrosis in B-cells were found to be decreased in the treatment groups (DA, DE, DAE)
(P < 0.05, Table 2). In experimental diabetes induced by STZ, an acute period between
8 days and 3 weeks has been reported (Mulder et al. 1996). The number of studies that can
be evaluated as acute is quite limited. It can be said that the pancreatic findings of previous
studies observed in diabetes groups in the acute period are consistent with the findings
of our study (Sahin et al. 2007; Ozdemir et al. 2009). In our study, in the group where the
diabetes model was created with STZ application following a high-fat diet, it was thought
that a decrease in insulin synthesis and an increase in blood glucose level were formed
after degeneration and necrosis in B-cells due to inflammation. As a result of increased
oxidative stress and inflammatory response due to hyperglycaemia and hyperlipidaemia,
it can be said that the increased release of proinflammatory cytokines may exacerbate this
situation. A study in mice reported that the use of etanercept and/or anakinra improved
insulin secretion and metabolic status by suppressing TNF-a and IL-1 cytokines that cause
dysfunction in B-cells (McCall et al. 2012). In another study in 20 patients with T2DM,
the administration of etanercept at a dose of 25 mg/kg twice a week (4 weeks), it has been
reported that it may be effective in the recovery of B-cell functions and insulin synthesis
by suppressing inflammation in the acute period (Dominguez et al. 2005). Another study
determined that the blockade of IL-1 with anakinra improves hyperglycaemia, systemic
inflammation markers, and p-cell functions (Larsen et al. 2007).

In accordance with these studies, it was concluded in our study that the use of anakinra and
etanercept significantly reduced diabetes-related damage to -cells in the acute phase. It can
be interpreted that this is achieved by reducing inflammation, oxidative stress, and improving
B-cell functions by blocking specific IL-1 and TNF-a. It was also thought that reducing insulin
resistance and systemic inflammation also contributed to this situation with the suppression
of these cytokines, which increase in parallel with the increase in hyperglycaemia and the
amount of free fatty acids in the blood. Thus, it was determined that as a result of the reduction
ofinsulinresistance, systemic and local inflammation, and oxidative damage, the histological
appearance of the pancreas improved, and dysfunction in -cells was prevented. It was
thought that it would be better to determine the effect of bidirectional cytokine blockade
together with not only histopathological but also other metabolic and molecular markers
although the co-administration of anakinra and etanercept did not make a significant
difference compared to other treatment groups. Similarly, a study using etanercept and
anakinra together reported that it could improve insulin and blood sugar levels in Type 2
diabetic rats and that etanercept was more effective in increasing insulin (Dik et al. 2018).
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Hydropic and/or vacuolar degeneration, necrosis, and dissociation in the hepatocytes,
and enlargement of sinusoids were detected in the D group. Evident limited fat vacuoles
were detected in some hepatocytes. These findings overlap with other experimental studies
(Sahin etal. 2007; Ozdemir etal. 2009; Adeyi etal. 2012; Aboonabi etal. 2014). These
degenerative changes in hepatocytes can be evaluated as a result of increased oxidative stress
and mitochondrial dysfunction after hyperglycaemia. Hyperglycaemia reduces antioxidant
activity by suppressing glutathione reductase and superoxide dismutase enzymes, and
it has been reported that it triggers oxidative stress with the increase of glycation products
(West 2000). On the other hand, it has been determined to cause oxidative stress by
increasing the level of malondialdehyde due to lipid peroxidation of a high-fat diet and
decreasing the total antioxidant capacity (Yang et al. 2006). In contrast, it has been reported
that oxidative stress is reduced by suppressing proinflammatory cytokines such as TNF-a
and IL-1 (Gorogawa et al. 2002). In the current study, it was noted that diabetes-induced
liver damage was significantly reduced in the DA, DE, and DAE groups (P < 0.05). It was
thought that this situation may have occurred as a result of the reduction of oxidative stress
by specifically antagonizing IL-1 and TNF-a.

It was observed that histopathological lesions in the kidneys were mostly in the
epithelium of the tubules. Hydropic degeneration observed in tubules epithelium in the
D group decreased in the anakinra and etanercept applied groups was determined. It
was thought that these degenerative changes were caused by increased oxidative stress
and proinflammatory cytokines in the T2DM process. Indeed, it has been reported that
cytokines such as TNF-a, IL-1, and IFN-c play an important role in the mechanism of
histological damage caused by oxidative stress in the liver and kidneys (Sugano et al.
2006; Aboonabi et al. 2014). Therefore, it can be concluded that tubular degeneration
decreased in the treatment groups with the specific suppression of TNF-a and IL-1
pro-inflammatory. In our study, findings such as mesangial hypertrophy, glomerulosclerosis,
and thickening of the basement membrane were not observed in the glomeruli. In previous
experimental diabetes studies, contrary to the findings in this study, such glomerular
lesions were reported. Also, a narrowing in the Bowman’s space was reported (Phillips
et al. 2001; Sugano et al. 2006; Aboonabi et al. 2014). However, the common feature
of the findings in these studies is that they are chronic stage diabetes findings. It can be
interpreted that the slight enlargement of the Bowman’s space in the study is an acute phase
finding. As a matter of fact, in a study examining the findings of acute period diabetes,
it was reported that enlargement may occur as a result of fluid leakage into the Bowman’s
space due to increased permeability and glomerular function as a result of vascular damage
occurring (Ozdemir et al. 2009).

It was noted that the degenerative changes observed in tubules seminiferous of the
testicular in D group decreased significantly in the DA, DE, and DAE groups (P < 0.05).
These lesions in the D group coincide with the findings observed in other experimental
studies (Guneli et al. 2008; Ghanbari et al. 2016; Long et al. 2018). Diabetes causes
increased oxidative stress in the male reproductive system. During diabetes, the balance
between ROS production and deoxidation is disturbed. ROS produced in excess can disrupt
the normal structure of cells, including proteins and DNA, and thus it can damage cellular
function (Maedler et al. 2009). The most important damage of oxidative stress caused
by diabetes is vasculopathy causing diabetic microvascular complications (Long et al.
2018). In addition, cytokines such as IL-1f, IL-1a, IL-6, TNF-o have been reported to have
negative effects on germ cells in acute testicular inflammation experiments (Guazzone
et al. 2009). In our study, it can be interpreted that the oxidative stress that increased as
aresult of diabetes and the proinflammatory cytokine synthesis and inflammation triggered
by it were reduced by the suppression of IL-1 and TNF-a (anakinra and etanercept), thus
preventing testicular degeneration.
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In our study, a significant loss of body weight was observed in animals with diabetes
(P < 0.005), and this was thought to be caused by increased muscle loss and loss of tissue
proteins in animals with diabetes, as reported in previous studies (Cheng et al. 2013; Jain
2015). Also, it has been noted that kidney weight and relative kidney weight are higher
in diabetic groups, as reported in the literature (Zafar and Naqvi 2010; Eleazu et al.
2013). Although the decrease in weight loss due to diabetes, increase in kidney weight and
relative kidney weight continued in the DA group treated with anakinra, it was noted that
it decreased in the DE group treated with etanercept. This has been interpreted as etanercept
may prevent diabetes-induced renal hypertrophy, muscle and protein loss.

In conclusion, it was determined that the single or combined use of anakinra and
etanercept at the doses applied in the study to specifically antagonize IL-1 and TNF-a
to T2DM rats did not have any toxic-pathological effects. In the study, it was revealed
that with this treatment applied to rats with T2DM, damage to the tissues examined in the
acute period significantly decreased. Suppression of proinflammatory cytokines may be
a good treatment strategy since inflammation affects the pathogenesis and complications
of T2DM. The effects of single or combined use of anakinra and etanercept should be
evaluated not only histopathologically but also with metabolic and molecular markers.
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Fig. 3. Histopathological changes in groups. 1-10: The appearance of B-cells in Langerhans islets in the pancreas
(1-5 aldehyde fuchsin, 6-10 haematoxylin-eosin). 11-15: Degenerative changes in hepatocytes in the liver were
evident in the diabetes group, while a decrease was noted in the treatment groups. 16-20: Tubular degeneration in
the kidneys shows a significant increase in the diabetes group, while the other groups appear similar to the control.
Increase in Bowman spaces was evident in diabetes groups. (1-5 aldehyde fuchsin, 6-20 haematoxylin-eosin).
C — control; D — diabetes; DA — diabetes + anakinra; DE — diabetes + etanercept; DAE — diabetes + anakinra
+ etanercept



