
  

	
   Libyan J Med Res. 2025:19-1-94- 99                                                                                                                      	
   94	
  

 
REVIEW ARTICLE  

Nephrogenic diabetes insipidus: potential treatments and 
their mechanisms of action.  
Siraj W A Alabeedi1 and Mohamed K A Elkawafi2 

1.	
   Programme	
   of	
   Medicine,	
   Faculty	
   of	
   Medical	
   and	
   Health	
   sciences,	
   Libyan	
   International	
   Medical	
  
University	
  	
  
2.	
   Programme	
  of	
  Basic	
  Medical	
   sciences,	
   Faculty	
   of	
  Medical	
   and	
  Health	
   sciences,	
   Libyan	
   International	
  
Medical	
  University	
  	
  
  

Co-responding author. Siraj W A Alabeed1 e-mail:  siraj3633@limu.edu.ly 

 

Received: 29/10/2024 | Accepted: 20/01/2025 | Published: 09/02/25| DOI: https://doi.org10	
  54361/LJMR.19.1.13 
 

Abstract:  

Nephrogenic diabetes insipidus (NDI) is a rare disease caused by the complete or partial resistance of the 
kidneys to	
  antidiuretic hormone (ADH). NDI associated with excessive urine production and severe thirst. 
There are two types of NDI; acquired NDI and congenital NDI.   Acquired NDI is the most common type 
among adults, with several factors that can cause acquired NDI, for instance, lithium therapy and electrical 
disorders. Congenital NDI can occur due to mutations in either the arginine vasopressin receptor 2 (AVPR2) 
gene or the aquaporin-2 (AQP2) gene. New effective treatments for NDI are required because the disease 
can be life treating if left untreated. Current animal studies showed that rolipram and metformin are two 
potential treatments for congenital NDI by upregulation the apical expression of AQP2 channels. Other 
animal studies illustrated that the combination of different drugs, such as, secretin agonist and fluvastatin 
could be an effective method to treat XNDI. Furthermore, some agents were found to be able to treat more 
than one type of NDI, for example, sildenafil citrate could be potently used to treat acquired NDI and XNDI, 
while statins could be promising treatments for congenital NDI and autosomal NDI. However, further 
investigation and human trials are needed before it can be decided if these drugs can be clinically used as a 
treatment for NDI.      
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ABSTRACT:!!
!
Introduction: The nasolacrimal duct (NLD) consists of two segments: one surrounded by the maxillary bone 
and the other extending from the lacrimal sac to the bony nasolacrimal duct (BNLD) entry. Given its canal-
like structure, the narrowest point of the NLD may play a crucial role in primary acquired nasolacrimal duct 
obstruction (PANDO). This study aimed to assess the anatomical characteristics of the NLD, specifically the 
proximal and distal bony diameters, as well as the length of the bony nasolacrimal canal, using computed 
tomography (CT). Additionally, the study sought to determine whether these parameters differ between males 
and females. 
Method: A retrospective analysis was conducted on 413 individuals (145 females and 268 males) randomly 
selected from Benghazi Medical Center and Aljala Hospital. CT scans were used to measure the anatomical 
dimensions of the NLD. Data were analyzed using the Statistical Package for the Social Sciences (SPSS), 
employing t-tests and one-way ANOVA to compare the parameters across genders and age groups, 
respectively. 
Result: The length of the bony nasolacrimal canal was significantly greater in males than in females. 
However, no significant differences were found between males and females in the proximal and distal 
diameters of the bony nasolacrimal canal. Age groups showed no significant correlations with the proximal 
and distal diameters, but a marginally significant correlation was found between age and the length of the 
bony nasolacrimal canal. 
Conclusion : This study offers valuable insights into the anatomical features of the nasolacrimal duct system. 
It highlights that, while there are no significant differences in the proximal and distal diameters between 
males and females, the length of the bony nasolacrimal canal is significantly longer in males. These findings 
enhance our understanding of anatomical variations in the nasolacrimal duct and could inform clinical 
approaches to managing nasal obstruction in adults. 
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ABSTRACT 

Purpose: Omeprazole  is  one of the most commonly prescribed  of protein pump inhibitors (PPIs)  
drugs  which used widely to manage many gastric acid-related conditions such as gastro esophageal 
disease, gastritis, esophagitis, Barrett’s esophagus, Zollinger-Ellison syndrome, peptic ulcer disease, 
nonsteroidal anti-inflammatory drug-associated ulcers, and Helicobacter pylori eradication,  globally 
.Aim of study: to evaluate the adverse effects associated with the long-term use of proton pump 
inhibitors drug( omeprazole). 
 Methodology : a descriptive study for  304  participants were conducted  to fill a questionnaire   to 
evaluate the adverse effect of long term use of omeprazole, data were analyzed statistically by 
SPSSV21. 
Results: positive correlation between UTI infection and   long term use of omeprazole . 66%of people 
who used omeprazole have deficiency in vitamin D, other side effects are showed in long term use of 
omeprazole as gastritis , confusion,. 
Conclusion:   because the improper use of omeprazole as a save drug  more studies need to evaluate 
the risk of long term use of omeprazole. 
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ABSTRACT&

Purpose: This study aimed to assess bacterial contamination in cosmetic contact lenses used by women visiting beauty 
salons in Sabratha city and to evaluate the antibacterial susceptibility of the isolated bacteria.

0eWKoGs: A total of 50 used soft cosmetic contact lenses and 5 new (unused) lenses were collected in April 2023. The 
lenses were swabbed, and samples were incubated in nutrient broth for bacterial isolation, followed by streaking on 
different agar plates (nutrient agar, MacConkey agar, and blood agar). Antibiotic susceptibility was tested using the 
Kirby-Bauer disk diffusion method, with various antibiotics.

5esuOWs: The results showed that all 5 unused lenses were free from contamination, while 43 out of 50 used lenses (86%) 
exhibited microbial contamination. The most commonly isolated bacteria were Pseudomonas aeruginosa (35%), 
Staphylococcus epidermidis (25%), and Staphylococcus aureus (15%), along with other species (11%). Antibiotic 
susceptibility testing revealed that Ciprofloxacin, Cefotaxime, Ceftriaxone, and Imipenem had the highest antibacterial 
effectiveness, with inhibition zones ranging from 26 mm to 30 mm. Gentamycin, Amikacin, and Tobramycin showed 
moderate effectiveness, while Cefuroxime and Augmentin had lower effectiveness. Cloxacillin showed no antibacterial 
activity.

&oQFOusLoQs: The findings emphasize the high risk of bacterial contamination in cosmetic contact lenses, stressing the 
importance of maintaining strict hygiene practices to prevent eye infections. Proper disinfection and storage in sterile 
solutions are crucial for ensuring lens safety and longevity, while effective antibiotic treatments are necessary to control 
bacterial contamination.

.e\ZorGs:�Bacterial Contamination, Cosmetic Contact Lenses, Antibiotic Resistance, Beauty Salons, Lens Safety.
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INTRODUCTION: 

Nephrogenic diabetes insipidus (NDI) is a rare 
disorder characterized by the production of large 
quantities of dilute urine, around 12 L/day, due to 
failure of the renal tubules to respond to the action of 
antidiuretic hormone (ADH) (1). There are two forms 
of the NDI; acquired NDI, which is more common in 
adults, and congenital NDI(2). Moreover, the 
symptoms of NDI will vary from mild to severe 
between patients. The main symptoms of NDI are 
polyuria and polydipsia. NDI can be life threating if 
left untreated since it leads to severe dehydration(3). 
There are different approaches to treat NDI, for 
instance, specific diet to reduce the osmotic load, 
administration of hypotonic fluids, and 
pharmacological interventions(4). This essay will 
include a brief description about NDI, then it will 
describe some new possible therapeutic approaches 
and their mechanisms of action. 

Congenital NDI:  
Congenital NDI can be divided into 2 types: XNDI and 
autosomal NDI. XNDI is caused by mutations in the 
arginine vasopressin receptor 2 (AVPR2) gene, which 

encodes for V2 receptor(5). There are around 274 
known mutations in AVPR2 gene that lead to XNDI, 
these mutations are categorized into five classes 
(Table1)(6,7) .The majority of these mutations produce 
misfolded V2 receptor proteins, which cannot reach 
the apical membrane and cannot interact with ADH.  
At birth, the urine concentrating defect is present, and 
most of the symptoms arise during the first weeks of 
life(8). 
Moreover, around 10% of patients with congenital 
NDI have mutations in aquaporin-2 (AQP2) gene, 
which encodes for AQP2 water channels which lead to 
autosomal NDI(4). At the moment, 65 mutations in 
AQP2 gene have been found to cause autosomal NDI 
including missense, splicing, small deletions and small 
insertions (Figure 1)(6). Theses mutations, such as 
AQP2-R254W, can prevent the fusion of AQP2 
channels with the apical membrane by retain the 
cannels in the intracellular space(9). Leading to 
decrease in the expression of AQP2 cannels. The 
mutations can also inhibit the function of AQP2 
channels via disturbing the formations of pore-
forming structure of AQP2 cannels(10). 

 

Table  1:  Classficatin  of  AVPR2  mutaions  that  lead  to  nephrogenic  diabetes  insipidus  (NDI).The  table  is  adopted  and  
updated  from  from  Wesche  et  al.(7)  

 

 

 

 

Class Mechanism Mutation type Examples 

I Interference with transcription, 
mRNA processing, translation  

Missense, splice site, frame-shift, early 
nonsense 

W71X, 458delG 

II Aberrant folding and intracellular 
(ER) retention 

Missense, in-frane del/ins, last exon 
nonsense 

S167T 

IIIa Loss of G-protein-binding site Missense D85N, P322S 

IIIb Loss of AVP- binding site Missense delR202 

IV Defects in intracellular trafficking Missense R127H 

Alabeedi S.W	
  



  

	
   Libyan J Med Res. 2025:19-1-94- 99                                                                                                                      	
   96	
  

 

 

 

 

 

 

 

 

 

  

Figure  1:    The  structure  of    AQP2  protein  and  the  location  of  some  of  the  mutations  linked  to  congenital  NDI.  
Diagrams  is  adopted  and  updated  from  Moeller  et  al.(8)  

Acquired NDI: 
Acquired NDI syndromes are the most common forms 
of NDI, which can decrease water reabsorption by 
either reducing the expression of AQP2 channels in the 
apical membrane, or by disturbing AQP2 trafficking to 
the apical membrane (5). They are different factors that 
can cause acquired NDI, for instance, lithium therapy, 
hypokalemia and hypercalcemia. Approximately 40% 
of individuals who were treated with lithium salts 
developed lithium-induced NDI. High concentrations 
of lithium within principal cells can reduce the levels 
of AQP2 in the apical membrane by around 90%(5) 
.The downregulation AQP2 expression levels may 
also be caused by both hypokalemia and 
hypercalcaemia. It should be highlighted that 
hypercalcaemia was found to have an effect on the 
expression of AQP1 and AQP3 as well(8). 
Treatments: 

TREATMENTS: 

Statins 

Statins, including simvastatin and atorvastatin, are 
commonly used inhibitors of cholesterol biosynthesis. 
Simvastatin was found to significantly increase the 
expression of AQP2 mainly in the collecting duct 
located in the cortex and outer medulla in animal 
models with autosomal NDI(11). Recent study showed 
that atorvastatin administration can upregulate the 
accumulation of AQP2, which lowers the risk of 
developing NDI among lithium users from 20% to 
almost 0%(12).Another study illustrated that, the 

administration of fluvastatin for 90 days increased the 
accumulation of AQP2 in patients with XNDI. 
However, neither a reduction of diuresis nor increase 
of urine osmolality were obtained(13). 

Statins mode of action was thought to be due to 
reduction of endocytosis of AQP2, increasing 
exocytosis, or both. However, vitro experiments 
illustrated that statins mechanism of action is only due 
to the reduction of endocytosis of AQP2, which is 
achieved by preventing cholesterol synthesis and 
lowering cholesterol content of cells mainly in the 
plasma membrane. Satins can also inhibit the activity 
of leading to down regulation of clathrin-mediated 
endocytosis, so the expression of AQP2 rapidly 
increase(11).   

Statins are well-tolerated and suggested to have few 
side effects on cognition and mood. Statins have some 
positive effects on cardiovascular risk prevention. 
Although statins are considered as promising 
treatment for lithium-induced NDI and autosomal 
NDI, further investigations are required to test their 
effect on XNDI. 

Secretin agonists 

Secretin receptors are G‑protein coupled receptors 
expressed in the basolateral membrane of CD principal 
cells(6). A current animal study showed that the 
activation of secretin receptors in AVPR2-KO mice 
elevated the abundance of AQP2, mainly because the 
stimulation of secretin receptors can activate adenylyl 
cyclase, which increases intracellular cyclic adenosine 
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monophosphate (cAMP) levels and activate protein 
kinase A and (PKA) and eventually phosphorylate 
AQP2(14). Therefore, secretin receptors can mimic the 
activity of AVPR2. However, the activation of secretin 
receptors had no effect on the apical expression AQP2.  

The same study illustrates that when secretin and small 
amount of fluvastatin were injected to the mice, the 
urine output decreased by around 90% and the urine 
osmolality was doubled(14). Thus, it can be assumed 
that a combination of secretin agonist and fluvastatin 
can be a potential treatment for XNDI. 

Metformin: 

Metformin, which is a current treatment for type 2 
diabetes, was found to be able to increase the 
accumulation of AQP2 in the apical membrane by 
activating adenosine monophosphate kinase (AMPK) 
which phosphorylates AQP2 and elevates osmotic 
water permeability in XNDI rats model(15). In the same 
study metformin increased urea permeability by the 
activation urea transporter UT-A1 via AMPK. 
Additionally, in a different animal study the 
stimulation of AMPK via metformin results in rising 
the expression of Na-K-2Cl cotransporter (NKCC2) in 
outer medulla by 117%, and the accumulation of 
AQP2 and UT-A1 by 44% and 61% respectively(16). 
The upregulation of NKCC2 makes the medulla 
hypertonic and generates the osmotic gradient, which 
acts as water reabsorption(15). 

It should be highlight that, metformin was shown to be 
only able to increase urine-concentrating ability, when 
V2 receptors were blocked or knocked out in mice. 
Therefore, it is believed that metformin could be a 
novel treatment for congenital NDI resulting from 
AVPR2 mutations. 

Phosphodiesterase (PDE) inhibitors 

Normally the interaction between ADH and V2 
receptors stimulates cAMP-mediated activation of 
PKA and activates AQP2 channels(8). Rolipram, a 
PDE4 inhibitor, can mimic the effect of ADH and 

elevate cAMP levels which in turn activate AQP2 
channels and raise the expression of the channels in 
the apical membrane. An animal experiment 
illustrated that the administration of rolipram 
significantly increased urine osmolality in 
heterozygous mutant AQP2 knockin mice(17). 
Therefore, rolipram should be considered as a 
treatment for autosomal NDI. 

Sildenafil citrate is a PDE5 inhibitor also known as 
Viagra, was proven to be able to rise the expression of 
AQP2 channels in rats with Li-induced NDI, by 
increasing the intracellular cGMP levels and inhibiting 
the degradation of Cgmp .As a result water 
reabsorption increased and urine output dramatically 
decreed(18). Even though in Sohara et al.(17) experiment 
sildenafil slightly decreased urine osmolality in AQP2 
mutant mice, in recent case study sildenafil elevated 
both urine osmolality and the accumulation of AQP2, 
and reduced urine output in 4 years old patient with 
XNDI(19). Therefore, the usage of sildenafil should be 
considered as threptic approach to treat patients with 
either XNDI or Li-induced NDI. 

CONCLUSION:   

In conclusion, nephrogenic diabetes insipidus (NDI) is 
a rare disease develops when there is a lack of respond 
to ADH in the kidneys, the main symptoms are 
polyuria and polydipsia. There are two types of NDI; 
acquired NDI and congenital NDI. Current studies 
found that new possible treatments can be used to treat 
different types of NDI, such as rolipram and 
metformin which were shown to be able to treat 
congenital NDI. A combination of secretin agonist and 
fluvastatin could provide a promising therapeutic 
approach for XNDI. Moreover, some agents could 
treat different types of NDI; sildenafil citrate could be 
potently used to treat acquired NDI and XNDI, 
whereas statins could be a novel treatment for 
congenital NDI and autosomal NDI. However, some 
human trials are required before it can be concluded 
which of these drugs can be clinically used as a 
treatment for NDI.   
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