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Abstract 
Background: Diabetes insipidus (DI) is a rare disorder characterized by in-
appropriate polyuria and hypo-osmolar urine. It is caused by inadequate 
production of antidiuretic hormone, in response to hypothalamic osmore-
ceptor-stimulation, from the pituitary gland (central DI) or resistance to its 
action at terminal distal convoluted tubules and collecting ducts (nephrogenic 
DI). Most cases of nephrogenic DI are caused by drugs, especially chronic li-
thium use. The Case: A 46-year-old man manifested such a disorder 8 months 
following d-Penicillamine (d-P) therapy for cystinuria. The drug was discon-
tinued and the patient was managed conservatively with high fluid intake, di-
et low in protein and salt as well as alkalization of urine with Urolyte U to a 
pH > 7.5. Six weeks later, such side effect disappeared. Our patient had de-
veloped such phenomenon: a) without significant liver or renal disease to ac-
count for cumulative toxicity, and b) with a conventional dosage range of 
d-P. Such isolated toxicity indicates inherited a predisposition to this side ef-
fect. Conclusion: DI is a potential side effect of d-P therapy that is nephro-
genic in site, transient in prognosis and an isolated phenomenon likely to re-
flect genetic predisposition. 
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1. Introduction 

Diabetes insipidus (DI) is a rare disorder, affecting roughly 1 in 25,000 people or 
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about 0.004% of the global population [1]. It is defined by evidence of plasma 
hyperosmolality (greater than 300 mosm/l), urine hyperosmolality (less than 300 
mosm/l or urine/plasma osmolality less than 1), polyuria (urinary volume great-
er than 4 mL/kg/hr to 5 mL/kg/hr) for two consecutive hours [2]. DI is caused 
by inadequate production of antidiuretic hormone (ADH), in response to hypo-
thalamic osmoreceptor-stimulation, from the pituitary gland (central DI) or re-
sistance to its action at terminal distal convoluted tubules and collecting ducts 
(nephrogenic DI). Idiopathic central DI accounts for 50% of cases and is usually 
associated with autoimmune lymphocytic hypophysitis [3]. However, it may fol-
low: traumatic brain injuries, neurosurgery, meningioencephalitis, ischemia to 
pituitary and/or hypothalamus (Sheehan’s syndrome), sarcoidosis, hemochroma-
tosis, histiocytosis X, tumors and rarely genetic mutations in the ADH gene [4] 
[5]. On the contrary, most cases of nephrogenic DI are caused by drugs and rarely 
by hypercalcemia, hypokalemia, sickle cell disease, Sjogren’s syndrome, polycys-
tic kidney disease, pyelonephritis, post-obstructive polyuria, amyloidosis and rarely 
genetic mutations in the aquaporin-2 (AQP2) receptor genes for ADH [6]. Chronic 
lithium toxicity is the major cause of persistent nephrogenic DI in 10% of pa-
tients treated for >15 years [7]. Moreover, rare reports of nephrogenic DI may fol-
low treatment with foscarnet, clozapine, demeclocyline, amphotericin B, orlistat, 
ifosfamide, ofloxacin, and vaptans [1]. For many years, d-Penicillamine (d-P) has 
been used to treat rheumatoid arthritis, Wilson’s disease and cystinuria without 
significant renal disease except for a few cases of transient membranous nephro-
pathy and rare ones with crescentic glomerulopathy [2]. Transient DI, induced 
by d-P has been reported once in a patient, with Wilson’s disease, yet did not 
recur on re-challenge [8]. In this case presentation, we report the second case of 
DI induced by d-P and further define its characteristics.  

2. The Case 

A 46-year-old man presented with 6-week history of recurrent left loin pain for 1 
month. He did not have significant past history of medical illness, surgery, aller-
gy or chronic intake of medications. Family history was significant for cystine 
urolithiasis in 2 brothers. On his initial assessment, he was in pain which was 
better after antispasmodics. Blood pressure was 120/80 mm Hg and he was afe-
brile and with a body weight at 78 kg. Systemic examination did not show other 
abnormalities. Laboratory investigations showed normal peripheral leucocytic 
and platelet counts. Hemoglobin was normal. He had normal serum glucose, 
urea, creatinine, and electrolytes as well as liver and lipid tests. Urine routine 
and microscopy were normal except for excess RBCs/HPF. ECG and chest x-ray 
were normal. Abdominal and pelvic ultrasound (A&PUS) revealed left hydro-
nephrosis with near-normal cortical thickness and echogenicity. Moreover, mul-
tiple small stones (<6 mm) were evident in both kidneys. CT scan of the abdo-
men and pelvis confirmed few <6 mm stones in the left ureter. Initially, he was 
treated with: a) antispasmodics to relive his colics, b) Tamsulosin 0.4 mg daily to 
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induce ureteral dilatation, and c) saline hydration with bicarbonates at a rate of 
150 ml/hour with an attempt to achieve >2 liters of urinary output daily of alka-
line urine at pH > 7.5. By the next 2 days, his pain was better. Repeat A&PUS 
showed resolution of left hydronephrosis and fewer stones in both kidneys. Strain-
ing of the voided urine detected a few stones. Stone analysis, using infrared spec-
troscopy, revealed cystine stones. Moreover, 24-hour urine tests showed: a) nor-
mal levels of calcium, phosphorus, uric acid, magnesium, citrate and oxalates yet 
cystine levels were high at 449 umol (normal range 28-115 umol/L). Subsequently, 
the patient was discharged on the following treatment: a) high oral fluid in-
take (>2 liters/day), b) diet low in sodium and protein, and c) use of Urolyte 
U (potassium sodium hydrogen citrate) to achieve urine pH > 7.5, and d) 
d-penicillamine. On follow-up, the patient remained asymptomatic and A&PUS 
did not show urolithiasis. Moreover, his urine cystine decreased to 75 umol/L. 
Eight months later, he developed severe and inappropriate polyuria with frequent 
voiding of large amounts of urine, even nocturnal, that was associated with 7 kg 
weight loss within 2 months. Laboratory tests showed hypernatremia, urine hy-
po-osmolality at 280 mosm/l and urine/plasma at osmolality 0.7. Moreover, there 
was no change in urine osmolality after water deprivation test indicating DI. 
D-Penicillamine was suspected to be the culprit, for his DI, and hence was dis-
continued. Subsequent tests showed: a) failure of IV desmopressin to raise urine 
osmolality, b) lack of clinical improvement with a trial of Minirin melt 120 mg 
for 2 weeks, c) normal posterior pituitary bright-spot on MRI images, and d) high 
level of plasma copeptin at 24 pmol/L (normal range: 1 - 13.8) indicating neph-
rogenic DI. Following discontinuation of d-P, the patient was managed with 
high-intake of water. Within 6 weeks, urine output decreased and his weight loss 
improved as well as his biochemical derangements (Table 1). With regards to 
his cystinuria, he was managed only with high-fluid intake and alkalinization of 
urine. Six months later, he maintained normal urine output and A&PUS did not 
show urolithiasis. 

3. Discussion 

Cystinuria is an uncommon autosomal-recessive genetic disease that leads to 
frequent urolithiasis. It accounts for 1% of those presenting <30 years and 10% 
in children with variable ethnic population prevalence [9]. Type I heterozygote 
shows normal amino acid urinary pattern, whereas Types II and III are characte-
rized by an increase of cystine, lysine, ornithine, and arginine urinary excretion 
[10]. A homozygous patient typically excretes >250 mg or cystine/g of creatinine 
in a 24-hour urine collection [11]. Early diagnosis and management, especially 
of homozygous type, is essential to avoid urinary cystine supersaturation and 
rapid progressive cystine stones. Moreover, such large and solid stones are ex-
tremely difficult to manage, at advanced stages, with conventional lithotripsy 
and usually require percutaneous nephrolithotomy or open surgery [12]. Our 
patient presented with typical features of homozygous cystinuria that indicated  
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Table 1. Demographic and biochemical changes in the patient with cystinuria after 
d-Penicillamine therapy. 

 
Time with regards d-P therapy (months) 

 
0 8 9.5 14 

Parameter: 
   

 

A-Weight (kg): 72 65 70 72 

B-Urine output (liters/day): 1.5 5 2 1.5 

C-Blood pressure (mm Hg): 120/80 90/60 120/80 120/80 

D-Laboratory tests: 
   

 

1) Hemoglobin: 134 160 130 130 

2) Serum sodium: 138 152 138 138 

3) Serum copeptin level: ND 24 11 9 

4) Urine osmolality: ND 280 2100 2600 

5) Urine/plasma osmolality: ND 0.7 1 1 

6) 24-hour urine cystine: 449 120 420 432 

E-Urolithiasis by US: None None None None 

Therapy: 
   

 

d-P 250 mg X3 
   

 

Minirin melt 120 mg 
   

 

24-hour oral fluid intake (liters): 2-3 5-6 2-3 2-3 

Urine pH with alkali therapy 7-8 7-8 7-8 7-8 

Normal levels of: hemoglobin: 13 - 16 g/L, sodium: 135 - 150 mmol/L, copeptin: 1 - 13.8 
pmol/L, urine osmolality: 50 - 1200 mOsm/kg, urine/serum osmolality: 1 - 3. 

 
aggressive therapy. The latter included high water intake, diet low in sodium and 
protein, aggressive alkalinization of urine and d-P as a cystine-binding thiol 
drug (CBTD). Unfortunately, in our patient, a rare side effect, of nephrogenic 
DI, limited the use of d-P maintenance use. In 1956, Walshe first proposed the 
use of d-P, as a chelating agent for copper, in treatment of hepatolenticular de-
generation (Wilson’s disease) [13]. The d-isomer is the safest of its other isomers 
[14]. Since then, the drug has been used in treatment of multiple disorders viz. a 
chelator in lead and arsenic poisoning, a binder to cysteine yielding a more so-
luble disulfide in cystinuria, and, a disease modifying antirheumatic drug to de-
crease T-lymphocytes, IL-1 and collagen cross-linkage in refractory rheumatoid 
arthritis and scleroderma. Subsequently, the drug-use has been limited to Wil-
son’s disease and cystinuria due to the introduction of more potent and safe 
chelators in poisoning and TNF-inhibitors for autoimmune diseases. Moreover, 
information about the drug’s toxicity is evolving despite the rarity of its 2 indica-
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tions. Several undesirable side effects of d-P have been encountered with nearly 
one third of patients suffer from: a) diarrhea, b) acute sensitivity reactions ma-
nifested by fever, pancytopenia, adenopathy, urticarial rash and bullous pem-
phigoid on prolonged administration of more than 2 gm/day, and c) systemic 
disorders viz. psychiatric disease, hepatotoxicity, arthritis, vasculitis, bronchioli-
tis obliterans, myasthenia and reversible optic neuritis [2]. Though renal failure 
was rarely encountered with the drug-use, transient nephrotic syndrome asso-
ciated with membranous glomerulopathy was the main renal cause for discon-
tinuation. As mentioned earlier, only 1 case report added self-limited and tran-
sient DI to its long list of side effects. Our case report confirms such association 
and further defines its nephrogenic site of insult since it was associated with lack 
of response to IV desmopressin and Minirin as well as intact bright spot in MRI 
of post pituitary and finally high plasma copeptin indicating adequate ADH-release 
[15] [16] [17]. Moreover, it should be noted that such phenomenon was: a) a 
toxic reaction since it was associated with gradual evolution (8 months) and slow 
recovery (6 weeks) and b) a transient one. The latter may have been similar to 
lithium toxicity affecting sodium channels in the collecting tubules via decrease 
of aquaporin-2 (AQP2) receptor expression and transcription [18]. Such toxicity 
leads to failure of the cascade of intracellular cascade of events, among which 
protein kinase A (PKA) activation and movement of transport vesicles contain-
ing the water channel (AQP2) from intracellular storage compartments to the 
apical surface of the principal cells [19]. Interestingly, and contrary to our mul-
tiple cystinuria patients treated for many years with d-P, our patient developed 
such phenomenon: a) without significant liver or renal disease to account for 
cumulative toxicity, and b) with conventional dose range of d-P. Such isolated 
toxicity indicates an inherited a predisposition to this side effect. At present, 
our patient is stable on conservative therapy without d-P for >6 months. Future 
treatment considerations, if cystinuria recurs, may include other cystine-binding 
thiol drug (CBTD) viz. Tiopronin or L-cystine dimethyl ester (L-CDME) and 
L-cystine methyl ester (L-CME) [20].  

4. Conclusion 

DI is a potential side effect of d-P therapy that is nephrogenic in site, transient in 
prognosis and an isolated phenomenon likely to reflect genetic predisposition.  
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