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Metformin Inhibits ROS/TNF- a Axis-Mediated Chronic Kidney
Disease Induced by TAA Independent of Leukocyte Infiltration
in Association with the Inhibition of Kidney Injury Biomarkers

La Metformina Inhibe la Enfermedad Renal Crénica Mediada por el Eje ROS/TNFa
Inducida por TAA Independientemente de la Infiltracion de Leucocitos en Asociacion
con la Inhibicibn de Biomarcadores de Lesiobn Renal
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SUMMARY: The toxic effects of thioacetamide (TAA) and carbon tetrachloride on the human body are well recognized. In this
study, we examined whether TAA intoxication can induce kidney leukocyte infiltration (measured as leukocyte common antjgen CD45
associated with the augmentation of the reactive oxygen species (ROS)/tumor necrosis factor-alphaxig\&s well as biomarkers
of kidney injury with and without metformin treatment. Rats were either injected with TAA (200 mg/kg; twice a week for 8 weeks)
before being sacrificed after 10 weeks (experimental group) or were pre-treated with metformin (200 mg/kg) daily for tpoorveeks
to TAA injections and continued receiving both agents until the end of the experiment, at week 10 (protective group).itJsing bas
histology staining, immunohistochemistry methods, and blood chemistry analysis, we observed profound kidney tissue iagury such
glomerular and tubular damage in the experimental group, which were substantially ameliorated by metformin. Metformifiast\sign
(p<0.05) inhibited TAA-induced ROS, TNir-urea, and creatinine in harvested kidney homogenates and blood samples. In addition, a
significant (p<0.0001) positive correlation between kidney tubular epithelial cell injury and the serum levels of biomaxieasioé
stress, inflammation, and kidney injury was observed. However, TAA caused no significant (p>0.05) increase in kidney efpression
CD45 positive immunostaining cells. In conclusion, we found that TAA induces kidney injury in association with the augneéntation
ROS/TNFa axis, independent of leukocyte infiltration, which is protected by metformin.
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INTRODUCTION

Industrial toxicants such as thioacetamide (TAA) andlevation of 8-hydroxy-2-deoxyguanosine (8-OHdG) was
carbon tetrachloride that induce liver and kidney damageported in rats treated with TAA (Zarggtral, 2019).
are used in medical research to generate animal models that
mimic human diseases, enabling the dissection of major Infiltration of leukocytes into the renal system in
signalling pathways involved in the pathophysiology of theesponse to insults is well-documented. For example, (i) kidney
disease, as well as evaluating potential protective agetgkocyte infiltration is highly expressed in a mouse model of
(Mochizukiet al, 2009; Al-Hashenet al, 2019). TAAis a chronic nephritis induced by lupus, which was correlated with
severe hepatotoxic compound that causes liver fibrosihe severity of the disease (Adalid-Peraitaal, 2008); (ii)
cirrhosis, and liver cancer (De Minicid al, 2013). TAA  kidney infiltration of macrophages, monocytes, and helper T
also induces kidney damage via ROS activation arglls were observed post ischemia-reperfusion renal injury
inhibition of the phosphatidylinositol 3 kinase (PI3K)/proteinYsebaertet al, 2003); and (iii) circulating leukocytes
kinase B (AKT) signaling pathway, which plays a significantontribute to the development and progression of nephropathy
role in cell metabolism, growth, and proliferation (Ghesh in patients with type 2 diabetes (Chuagal, 2005). In
al., 2016). DNA damage in kidney cells measured as a shaigdition, inflammatory cytokinesuch as TNFx and IL-1
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are highly expressed in renal tissue in kidney diseases suebasured using colorimetric methods according to the
as diabetic nephropathy (Donate-Coretaal, 2021) and manufacturer’s instructions (BioAssay System, USA).
end-stage kidney failure (Ortega & Fornoni, 2010).
Histological examination. Harvested kidney specimens
The antidiabetic drug, metformin ameliorates severatere fixed overnight in 10 % formalin and then dehydrated
types of liver and kidney diseases such as nonalcoholic fattjth ascending grades of alcohol. Paraffin blocks were
liver disease (Matafomet al, 2011), protects primary rat prepared by the standard method, andrbthick sections
hepatocytes against oxidative stress-induced apoptosis (Caere deparaffinized and rehydrated. Kidney sections were
de de la Rosat al., 2015), kidney injury secondary to dia-then stained with hematoxylin and eosin (H&E) staining, as
betes (Dawoodt al, 2022), and nephrotoxicity induced bywell as Sirus red staining to assess kidney collagen deposition
the antibiotic gentamicin (Moralet al, 2010). However, as previously reported (Dawoed al, 2022).
the potential infiltration of leukocytes into kideny tissue upon
TAA intoxication has not been invesigated before in anim&florphometry. The degree of kidney tubular injury was
models. Therefore, this study examined whether TAAnalysed in 10 non-overlapping fields for each group and
injection into rats can induce kidney leukocyte infiltratiorgiven a semi-quantitative score of 0-3 (0 = no injury, 1 =
associated with the activation of the ROS/ TélBxis with  mild injury, 2 = moderate injury, and 3 = severe injury).
and without metformin treatment.
Immunohistochemistry of CD45. Immunohistochemical
staining was performed using anti-CD45 (Abcam,
MATERIAL AND METHOD Cambridge, UK) as a marker for leukocyte infiltration.
Antigen retrieval was conducted, followed by the application
of the primary antibody overnight in a humidity chamber
Animals. Male albino rats weighing 180-200 g were usednd the secondary antibody for 30 minutes. Sections were
in the experiment. The study followed the Guidelines faro-stained with Meyer hematoxylin.
the Care and Use of Laboratory Animals published by the
US National Institutes of Health (NIH publication No. 85-Statistical analysis.Data were analyzed using SPSS version
23, revised 1996) and was approved by the EthicaD.0 (SPSS, Inc., Chicago, IL, USA). Statistical comparisons
Committee at King Khalid University. The rats were housedere performed using one-way ANOVA followed by Tukey’s
at a controlled room temperature with 12-hour light/dargost hoc test. To detect a significant relationship between
cycles and had free access to food and water. two different parameters, Pearson correlation was performed.
A significance level of E 0.05 was used.
Experimental design.After acclimatization, the rats were
separated into three groups (n=8 per group). The control
group (Control) of rats were not treated and injecteRESULTS
intraperitoneally (i.p.) with the vehicle. The experimental
group (TAA) of rats were subjected to i.p. injections with
TAA (200 mg/kg, twice per week) for eight weeks (startingnduction of hepato-renal injury in rats by TAA. TAAis a
at week 3) (Wallaceet al, 2015). The protective group known hepato-nephrotoxic agent (Schynemal, 2018).
(Met+TAA) of rats was given Met (200 mg/kg) from dayTherefore, to investigate the aim of this study, we first sought
one until the end of the experiment, at the 10th week, at@ldemonstrate in our animal model the induction of liver and
received TAA as above for eight weeks. Blood samples wekelney injury by TAA. Injection of rats with TAA (200 mg/kg
collected under anaesthesia after the completion of thedy weight) twice a week for 8 weeks caused the development
experiment using sodium thiopental (40 mg/kg), and animat$ hepatonephrotoxicity as demonstrated by a sharp increase
were culled by cervical dislocation, and kidney tissum the blood levels of the hepatic injury biomarker, ALT (Fig.
specimens were harvested. 1A) and the kidney injury biomarker, creatinine (Fig. 1B). In
addition, a representative Sirus red-stained image of kidney
Measurements of MDA, TNFa, hsCRP, Urea, and sections prepared from the TAA group (Fig. 1D) shows intense
Creatinine. ELISA kits for blood determination of thick collagen deposition in the interstitium (star) and in the
malondialdehyde (MDA) from Cyaman Chemical, Anrbasement membranes (arrow). Whereas, another image of
Arbor, MI, USA; TNFa (Abcam, Cambridge, UK), and kidney section at a similar magnification prepared from the
hsCRP (Assaypro, Saint Charles, MO, USA) were used tontrol rats (Fig. 1C) reveals a weak collagen deposition in
measure MDA, TNFa, and hsCRP according to thethe basement membrane of the renal corpuscle and the
manufacturer’s instructions. Blood urea and creatinine wecenvoluted tubulegarrowhead).
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Kidney leukocyte infiltration is not
induced in chronic renal disease caused
by TAA in rats. Conflicting data on the
induction of blood leukocytes upon TAA
1.5 intoxication were reported (Enciss al,
15 2022; Al-Attar, 2022). Therefore, we sought
to determine whether leukocyte infiltration
into kidney tissues upon TAA intoxication
0 0.0 is observed in the presence and absence of
Control TAA Control TAA metformin treatment. The biomarker of
ol e S o R leukocytes (CD45) was assessed in kidney
O N P : sections prepared from all rats' group using
immunohistochemistry. There was no
difference in the intensity of CD4%ve
immunostaining between the control (Fig.
3A), the model group (TAA) (Fig. 3B), and
the treated group (Met+TAA) (Fig. 3C).
_ : : Quantitative analysis of CD45
\ < g%y AW immunostaining area percent revealed no
Fig. 1. TAA induces hepato-renal intoxication in rats. Blood levels of ALT (A) anggnificant (p>0.05) difference between all
creatinine (B) were assessed after 10 weeks in the control and experimental (/4§ (data not shown).
rats’ groups. Presented p values are significant. *p<0.0001 versus control. (C and D)
Sirus red stained images (x200) of kidney sections from the control (C) and TAA (D)  Basic histology staining (H&E) of
groups are depicted. ALT: alanine aminotransferase; TAA: thioacetamide. kidney sections revealed a normal tissue
architecture from the control group (Fig.
TAA-induced ROS, TNF-a, and biomarkers of kidney injury are inhibited ~ 3D). Whereas, a substantial damage to the
by metformin. ROS induction is a hallmark of renal injury (Dallekal, renal corpuscles (the glomerulus and the
2022). Therefore, we evaluated ROS levels (measured as MDA)aTNABowman's capsule) as well as the renal
hsCRP, urea, and creatinine in all rats with and without the incorporationfwfules displayed in tissue sections
metformin. TAA increased the blood levels of MDA (Fig. 2A), TNRFig. obtained from the model group (Fig. 3E).
2B), hsCRP (Fig. 2C), urea (Fig. 2D), and creatinine (Fig. 2E), which whlse treatment group (Figs. 3F and 3G)
significantly (p<0.0001) inhibited by metformin treatment (Met+TAA) tehowed a significant (p<0.0001)
levels comparable to control in (A) and (B). Whereas, the treatment wittotection to the kidney architecture.
metformin showed only partial inhibition€.0073) comparable to control However, metformin provided partial
in (C) and (D). However, TAA intoxication had no effect on the animalgtotection.
body weight (Fig. 2F).
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Fig. 2. Metformin (Met)
inhibits TAA-induced MDA,
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Fig. 3. TAA-induced chronic kidney damage shows
no infiltration of leukocytes into kidney tissues.
CD45 immunostaining of kidney sections (x200)
obtained from the control (A), TAA (B), and
Met+TAA (C) groups of rats at the end of the
experiment, week 10 are shown. (D-F) H&E stained
images (x400) of kidney sections from the control
(D), model (TAA) (E), and treated (Met+TAA) (F)
groups of rats are shown. Note that arrows in (E)
point to the epithelial damage with cytoplasmic
vaculation, and arrowheads in (E) and (F) point to
the dark small nuclei. The histograms in (G)
represent a semi-quantitative analysis of the kidney
tubular epithelial cells damage derived from the
H&E stained images obtained from the rats’ groups.
Presented p values are all significant Q0003
versus control, **p<0.0001 versus TAA.TAA:
thioacetamide; CD: leukocyte common antigen; v:
vesicular nuclei; B: Bowman’s space; P: proximal
tubule; D: distal tubules; G: glomerular capillaries.

Correlation between kidney tubular injury
score and kidney injury biomarkers. The
correlation between the score of tubule injury
derived from H&E staining kidney tissue and
ROS, TNFa, as well as biomarkers of chronic
kidney disease (urea and creatinine) was assessed.
This correlation links kidney TAA intoxication
with these parameters associated with kidney
injury. It also supports the diverse effects of
metformin. A significant (p<0.0001) positive
correlation between the degree of tubular injury
and MDA (r = 0.902) (Fig. 4A), TNFx (r = 0.896)
(Fig. 4B), urea (r = 0.859) (Fig. 4C), and
creatinine(r = 0.781) (Fig. 4Dyas observed.

Fig. 4. Correlation between the scoring of kidney tubular
damage and biomarkers of oxidative stress,
inflammation, and kidney injury. Degree of renal tubular
damage was evaluated in all rats at the end of the
experiment to enable drawing a link between renal tubule
injury and MDA (A), TNFa (B), urea (C), and creatinine
(D). MDA: malondialdehyde; TNFEr: tumor necrosis
factor-alpha.
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DISCUSSION Kidney CD45+ve immunostaining was reported in
diabetic mice (Zheng & Epstein, 2021;éhal, 2022), which
is not in agreement with our data displaying negative CD45
In this study, we investigated whether TAA-inducedmmunostaining in kidney tissue treated with TAA (Fig. 3).
nephrotoxicity is associated with kidney infiltration ofHowever, our data are in concordance with previous reports
leukocytes in a rat model of chronic kidney disease, as wehowing (i) no effects of TAA (10 and 30 mg/kg administered
as the augmentation of the ROS/TNFxis and degree of orally for 28 days) on blood leukocyte count in rats (letm
renal tubule damage in the presence and absenceabf 2022); and (ii) no significant difference in total blood
metformin. Our data showed that TAA intoxication increasel@ukocytes, lymphocytes, and body weight in rats treated
both, the ROS/TNFr axis and tubular injury, but not CD45. for 24 weeks with 200 mg/kg TAA injected intraperitoneally
However, metformin significantly inhibited all these(Encisoet al, 2022).
parameters, indicating that metformin is an appropriate me-
dicine in chronic kidney disease. These conclusions are In summary, the presented data in this study
supported by the data indicating that TAA induced kidneglemonstrate that in a rat model of TAA-induced chronic
injury, oxidative stress, TNE; hs-CRP, urea, and creatinine kidney disease, the induction of ROS and inflammation
but not leukocyte infiltration (CD45) into kidney tissuewithout kidney infiltration of leukocytes seemed to be
which were substantially inhibited by metformin (Figs. 1inhibited for a period of 10 weeks with metformin in rats.
3). Additionally, our data showed a positive correlatioldditionally, a link between renal tubule injury and the above
between tubule injury scoring and all the above-mentiongrameters is observed, with metformin showing beneficial
parameters (Fig. 4), which supports our conclusiomenal pleiotropic effects. Efforts are underway to assess the
mentioned above and is summarized in Fig. 5. Thereforsglf-renewed kidney resident macrophages that can promote
our data support our working hypothesis. inflammation and fibrosis, as well as expressing high and
low levels of F4/80 and CD68 markers, respectively (Puranik
Upregulation of ROS and TNé&-tissue expression et al, 2018).
is demonstrated in mangmal diseases such as chronic kidney
disease secondary to diabetes (Navarro-Gonzalez & Mora-
Fernandez, 2008; Dabla, 2010), acute kidney injury caus&CKNOWLEDGMENTS
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