
D-penicillamine Demystified: Mastering Copper Chelation

Being prescribed D-penicillamine (D-Pen) for your dog can initially be overwhelming, especially if 
you're unsure about its purpose and how it will benefit your pet. This guide aims to provide clarity and 
reassurance by exploring the science behind D-Pen, its role in managing copper accumulation in the 
liver of dogs, and its therapeutic effects. Understanding D-Pen's mechanism of action, dosing, potential 
side effects, and its integration with dietary management can empower you to confidently support your 
dog's liver health. By equipping you with this knowledge, we aim to ensure that you can navigate your 
pet's treatment journey with informed decisions and compassionate care. 

Copper-associated hepatopathy, characterized by abnormal accumulation of copper in the liver, can 
lead to severe liver dysfunction and damage if not addressed. Excess copper can induce oxidative 
stress, leading to cell death and fibrosis within the liver tissue. Chelation therapy directly targets this 
underlying cause by actively removing excess copper from the body, thereby protecting liver cells and 
promoting liver function. 

Why is Chelation Therapy the Gold Standard of Therapy? 
In treating copper-associated hepatopathy in dogs, there are two primary goals: first, to effectively 
remove the existing excess copper from the body, and second, to implement measures that prevent 
future accumulation of copper. 

The initial goal of treatment is to reduce and eventually eliminate the excessive copper that has 
accumulated in the liver and potentially other tissues. Chelation therapy, such as with D-penicillamine, 
plays a crucial role here by binding with copper molecules and facilitating their excretion through urine
or bile. This process helps to alleviate oxidative stress and damage to liver cells caused by copper 
overload. 

Chelation therapy is considered the gold standard of treatment for copper-associated hepatopathy due to
its efficacy and specific targeting of the problem. It directly addresses the root cause of the disease by 
reducing hepatic copper levels, which is crucial for preventing further liver damage and improving 
long-term outcomes for affected dogs. 

Equally important is implementing strategies to prevent ongoing ingestion of excessive copper and 
hepatoprotective medications.

By understanding chelation therapy’s role in reducing copper accumulation and its proven benefits as 
the preferred treatment approach, you can make informed decisions about your pet’s care and ensure 
they receive the best possible treatment for their liver health. 

Copper Chelators 
A chelating agent is a ligand (or drug) that binds to a metal ion through two or more sites to form a 
metal chelate that is removed from the body, usually through renal excretion. Copper (Cu) chelators are
used in veterinary gastroenterology for the treatment of abnormal Cu accumulation in the canine liver.

Cu-chelating agents are drugs that have a high affinity for Cu and when bound as the metal-chelator 
complex are excreted through the urine. When given for prolonged periods of time, chelating agents are
effective in depleting hepatic Cu concentrations. Cu-chelating agents used clinically or experimentally 
in dogs include penicillamine, the tetramines (trientine and 2,3,2-tetramine), and tetrathiomolybdate 



Pathophysiology of Copper 
The liver plays a pivotal role as the primary metabolic organ responsible for regulating copper (Cu) 
body stores.  Cu enters the body through dietary intake, with approximately 30% being absorbed by the
upper small intestine with the remainder excreted through the feces. The precise mechanisms of 
intestinal Cu absorption are not completely understood, Cu is passively taken up by intestinal epithelial 
cells, bound to the cytosolic protein metallothionein, and actively transported into the circulation bound
to either albumin or transcuprein. Once in circulation, Cu is then transported to the liver where it 
undergoes several processes: it is stored, mobilized to peripheral tissues, or excreted from the body. 
Hepatic Cu is either complexed with ceruloplasmin a transport protein, integrated into hepatic cellular 
pathways, or bound with metallothionein within the liver. Metallothioneins are cysteine-rich, cytosolic 
proteins that function to store Cu and protect the hepatocyte from Cu toxicity. In healthy individuals, 
about 80% of absorbed copper is eventually excreted into bile

In dogs, normal concentrations of copper (Cu) in the liver are maintained from 200 to 400 µg/g dry 
weight. When copper levels surpass the binding capacity of hepatic metallothionein, it leads to direct 
damage to the liver. This damage occurs primarily due to the generation of oxygen free radicals, 
resulting in either hepatocellular necrosis or apoptosis.

The abnormal accumulation of copper in the liver of dogs can stem from either a primary metabolic 
defect in copper metabolism within the liver or as a secondary effect of cholestatic liver disease, which 
impairs the excretion of copper into bile ducts.

D-Penicillamine

Treatment 
    • D-Penicillamine
    • D-penicillamine (D-Pen) is the Cu chelator of choice. 

Penicillamine is a thiol, a compound with a sulfhydryl group, making the molecule an active metal-
chelating agent with a high affinity for Cu.

Penicillamine was first discovered in the early 1950s when J.M. Walshe identified this unusual urinary 
metabolite in a human patient treated with penicillin. He dosed himself with penicillin and found that 
he also excreted penicillamine in his urine. Walshe quickly discovered that this compound had 
chelation properties with the thiol group because it would bind to iron. Following a dose of 
penicillamine, he then discovered he had an increase in urinary Cu excretion. Those early studies also 
found that the l isomer of penicillamine was toxic to growing rats but the d isomer did not have this 
effect. Once an adequate supply of the d-penicillamine was obtained, a patient with Wilson’s disease, 
(the human equivalent of copper storage disease in dog’s, which is a hereditary disease in which Cu 
accumulates in the tissues), was treated and showed a positive response to therapy with increased 
urinary Cu excretion. Over the last 50 years d-pen has been the primary Cu chelator used in the 
treatment of Wilson’s disease.

Mechanism of action 
    • Chelates Cu, with urinary excretion
    • Upregulates hepatic metallothien binding intracellular Cu



This drug binds hepatic Cu which subsequently is eliminated in urine. In addition, D-Pen increases 
metallothionein in hepatocytes (detoxifying intracellular Cu) and enterocytes (facilitating fecal 
elimination) and has mild anti-inflammatory and anti-fibrotic properties.

By virtue of its sulfhydryl groups, penicillamine chelates a number of heavy metals, including Cu. It 
forms a stable water-soluble complex with Cu that is excreted through the kidneys. In vitro studies 
show 1 atom of Cu combines with 2 molecules of penicillamine, which in theory means 1 g of 
penicillamine would be followed by a maximum excretion of 200 mg of Cu. Clinically, Cu excretion 
from a 1-g dose results in the loss of only several milligrams of Cu. Penicillamine therapy in Wilson’s 
disease patients when prolonged eventually results in a decline in urinary Cu excretion in spite of 
continued elevations in hepatic Cu concentrations. These patients for some reason, however, continue 
to improve both clinically and in their liver histology. There is now speculation that there may actually 
be several pools of hepatic Cu in Wilson’s disease, some of which may not be removed by the drug. It 
is postulated that penicillamine may detoxify the remaining Cu in the liver, either by the formation of a 
hepatic chelate that is nontoxic or by inducing the synthesis of hepatic metallothionein proteins that 
then bind and sequester Cu in the liver in a nontoxic form which is said to be more likely. D-pen has 
also been reported to have a greater affinity for Cu in tissues than in the blood.

Penicillamine will also reduce cystinuria and has been effective in preventing the formation of cystine 
calculi in dogs. It forms a stable and soluble complex with cystine, which is easily excreted. 
Additionally, d-pen disrupts the formation of crosslinks between procollagen molecules, demonstrating 
mild antifibrotic properties. There is also evidence suggesting penicillamine may modulate immune 
responses by reducing immunoglobulin M rheumatoid factor and T-cell activity in human patients with 
rheumatoid arthritis. However, the clinical implications of penicillamine's immunosuppressive effects 
in dogs remain unclear. 

Dose/duration
    • 10-15 mg/kg BID q12h
    • (Cuprimine [capsules] or Depen [tablets])
    • Administered 30 minutes before or 2 hours after a meal and at least 1 hour apart from any other 
drug or food. This permits maximum absorption and reduces the likelihood of inactivation by chelating 
substances within the gastrointestinal tract. 
    • Treatment duration based on repeat hepatic Cu quantification or surrogate monitoring of ALT
    • Maintenance therapy at 2-3 times weekly, once a day with a reduced dose (50%) observationally 
effective

D-penicillamine is given PO on an empty stomach because food substantially decreases 
bioavailability.

Depending on the breed, hepatic Cu concentrations, and extent of liver pathology, the choice of
chelators and the dose and duration of therapy vary 

D-pen combined with dietary Cu restriction usually normalizes hepatic Cu concentrations as high as 
1500 μg/g dw within 6 months. Hepatic Cu concentrations of 2000-3000 μg/kg dw typically normalize 
within 9 months. Higher concentrations may require longer chelation intervals. Chelation may fail or 
take longer if D-Pen is not given with a Cu-restricted diet. Treatment efficacy is best determined by 
repeat quantification of hepatic Cu concentration. Normalization of serum ALT activity is used as a 
surrogate to estimate treatment success. Because serum ALT activity lacks the sensitivity to determine 



residual mild Cu accumulation and associated hepatic damage, treatment for 1 month after ALT activity
returns to normal is recommended. 

It is difficult to predict the duration of chelation necessary for individual dogs. 

Formulations
    • Cuprimine (Bausch Health, Quebec, Canada)
    • DePen (Meda Pharmaceutical, Somerset, NJ)
    • Compounded formulations in the United States

Because of the high cost of D-Pen products in the United States, the consensus panel members in the 
United States routinely used D-Pen compounded at specialty pharmacies and agreed that these products
are effective.

Experience with alternative Cu-chelating agents such as choline tetrathiomolybdate and trientine in 
dogs is limited. Therefore, they cannot be recommended at this time

Other relevant pharmacology
    • Anti-inflammatory
    • Anti-fibrotic

Co-treatment with zinc contraindicated

Zinc interferes with enteric Cu uptake via metallothionein induction.
Zinc acetate decreases hepatic Cu in a small study in dogs.
Zinc administration, however, decreases hepatic Cu concentrations slowly, making it inappropriate for 
acute interventions.
One study demonstrated no additional benefit when PO zinc was combined with a Cu-restricted diet.
Based on limited information, a zinc dosage for CuCH has been extrapolated. 

Adverse effects
Common:
    • Nausea, vomiting, hyporexia
    • Dermatological reactions
    • Occasional proteinuria (glomerulonephritis)
    • Induced ALP and glycogen vacuolar hepatopathy
Rare:
    • Immunologic reactions (joint, liver)
    • Bone marrow dyscrasia
    • Tetratogenic
    • Cu and Zn deficiency (rare)
    • Pyridoxine deficiency (rare) (supplement with 10-25 mg daily)
Monitor UPC, CBC and liver enzymes

Adverse effects of D-Pen are mostly gastrointestinal. Strategies to combat these include gradual dose 
escalation, administering D-Pen with a small piece of meat, or concurrent use of antiemetics. Some 
panel members preferred coadministration of a short course of low-dose corticosteroids to stimulate 
appetite when dogs are inappetent. Other adverse effects of D-Pen are rare, with proteinuria or skin 



eruptions being most common. D-pe may induce ALP activity and a mild to moderate vacuolar 
hepatopathy that resolves with drug discontinuation. 

During chelation treatment, antioxidant treatment, such as S-adenosylmethionine (SAMe) and vitamin 
E, is recommended because Cu causesoxidative liver injury. (Denamarin, Aventi).

Co-treatment with D-Pen and zinc is strictly contraindicated because each negates the benefits of 
the other. After completion of chelation, zinc may be administered to restrict enteral Cu 
absorption.
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I hope you’ve found this helpful. Thanks for reading, Copper Champions!

Danielle McLean
souldogsynergy.com


