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 Enzyme H+/K+_ATPase(proton pump),found in the canaliculi of the parietal

cells of the stomach,plays a key role in the secretion of hydrochloric acid in

the gastric lumen.the enzyme is activated by three distinct

stimuli:histamine,gastrin,acetylcholine.

 The production of acid occurs with the exchange of K+ for H+ in an ATP-

consuming process.

 PPIs inhibit the action of enzyme H+/K+_ATPase and prevent the exchange of

K+ for H+,inhibiting the last step in the production of hydrochloric acid.

 PPIs inhibit the enzyme by merging with its receptor and covalently binding to

cysteine residues known as irreversible inhibitors.after the reaction,the

proton pump cannot regenerate and acid production occurs only after the

synthesis of new enzymes.irreversible inhibition ensures the medication is

active for 24-48 hours.

 PPIs are inactive when administered,and under acidic PH will form sulfamide

derivatives or sulfenic acid.

 PPIs receive gastro-resistant coating to prevent the activation and

degradation of the drug before it arrives at the targeted site.with a plasma

half-life 1-2 hours, they are quickly absorbed and activated after

administration.





 Side effects are rare.

 The most common include headache,nausea,constipation,flatulence,diarrhea,skin
rash and dizziness.

 There is growing evidence of other adverse outcoms such as cardiovascular
disease,gastric cancer,clostridioides difficile infections,osteoprotic bone
fractures,pneumonia,dementia,hypomagnesemia and renal diseases including
AIN,AKI,CKD,ESRD.

 PPIs use is associated with an increased burden of all-cause mortality and
increased burden of death due to cardiovascular disease,CKD,and upper
gastrointestinal cancer.

 AIN,is a immune mediated reaction involves the interstitium and the renal
tubules.it may be induced by autoimmune disease,blood disorders,infection and
medications.at first,tubule epithelial cells are injured,and subsequently a
lymphocytic inflammatory infiltrate containing predominantly T-cells is
observed.renal scarring may initiate as a consequence of the spread of the
infiltrate,followed by decrease in renal function.

 Current PPI users have fivefold higher odds of developing ATIN.

 Although nonspecific symptoms such as
malaise,fatigue,weakness,arthralgia,myalgia,fever,and skin rash may occur and
confused AIN with other diseases,eosinophilia is a frequent finding.



 The time until the onset of PPI-induced AIN ranges between hours and
months.there is no evident relationship between dosage,latency,time to
recovery,age or sex,indicating that this is a condition of immune origin.

 Differently from AIN induced by other drugs,patients rarely present with the
characteristic triad seen in hypersensitivity reaction(fever,skin rash and
eosinophilia).urinary findings include strile leukocyturia,hematuria and
urinary eosinophils.

 Treatment to reverse acute disease includes the discontinuation of
PPIs,administration of corticosteroids,and possibly the prescription of
RRT.despite these interventions,over half of the patients cannot fully recover
their renal function after AIN.the fast decrease of renal function derived from
tubulointerstitial lesions may promote the onset of AKI.

 When biopsy is contraindicated,patients have the option of undergoing
Gallium-67 scintigraphy,a test with great use in the differentiation of AIN
from ATN.

 Approximately 30% patients who recover from AKI remain at increased risk of
having CKD.



 Drug-induced AIN is considered primarily a T cell-deriven process that

is often limited to the kidneys.high drug consentrations within

kidneys,local drug metabolism before excretion, or damage caused to

tubular epithelial cells are important factors.drugs can bind to the

TBM and act as haptens or prohaptens,mimic an antigen that is

normally present within the TBM or interstitium,or deposit in the

tubulointerstitium and behave like a planted antigen.

 Dendritic cells interspersed between tubular cells recognize these

drug-related antigens,migrate to local lymph nodes,and initiate

adaptive immune responses.immune-mediated kidney injury is

orchestrated by various CD4+ T-cell subsets and varies depending on

the inciting agent,suggesting that AIN may be the final common

pathway of distinct mechanisms of injury.



 CD4+ T-cells that produced TH1 and TH2 cytokines(INF-γ,IL.4,IL.13) were

isolated from both kidney tissue and peripheral blood.TH1 cells can also lead

to activation of proinflammatory M1-type macrophages;an elevated urinary

M1/M2 macrophage ratio was noted in AIN patients.

 Patients with PPI-induced AIN were observed to have TH17 cells as a major

part of the cellular infiltrate.

 Mast cells were also noted in biopsy specimens of patients with drug-induced

AIN.additionally,IL.9,a cytokine responsible for mast cell accumulation,was

also elevated in AIN patients versus non-AIN controls.

 Prior use of AIN-inducing drugs such as PPIs are associated with a higher risk

for AIN in ICPI-treated patients,making reactivation of drug-specific T-cells

due to loss of immune tolerance possible.





 Hypomagnesemia is another side effect
derived from the use of PPIs.low urinary Mg
concentration suggest that Mg-depletion
occurs in the GI-tract.evidence indicates
that low blood levels of Mg are associated
with CKD.this risk is further increased in
patients taking diuretics and taking PPIs for
extended durations(>1 year).

 AIN,causes acute inflammation and
tubulointerstitial damage,which in the long
term lead to interstitial fibrosis and chronic
interstitial nephritis.chronic interstitial
nephritis may ultimately lead to CKD and in
severe cases,to renal failure.

 The literature indicates that PPIs should be
prescribed with caution to patients with
CKD,accompanied by creatinine level
monitoring where needed.

 In clinical practice,authers suggested that
the e.GFR should be monitored annually.



 Hypomagnesemia,in both acute and chronic forms,is associated with poor clinical

outcoms.

 Chronic hypomagnesemia is implicated in developing insulin

resistance,diabetes,more rapid progression of diabetic

nephropathy,nephrolithiasis,fracture and increased risk for cancer and cancer

development,possibly in relation to to the induction of chronic inflammation.

 Mg absorption in the gut occurs via two routs:a saturable paracellular route and a

nonsaturable transcellular route.

 The paracellular route is a passive mechanism and accounts for the bulk(90%) of

tatal Mg reabsorption.the paracellular route is modulated by tight junction

proteins called claudins.claudin 2,7 and 12 are expressed in the intestines and

might facilitate Mg reabrorption.

 The final segment for Mg reabsorption occurs in the cecum and colon using the

transcellular route,which is an active process and accounts for 10% of Mg

reabsorption.transcellular Mg transport requires the activity of transient receptor

potential melastatin(TRPM6) and (TRPM7) Mg transporters in the entrocyte apical

membrane.
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