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Copper sulfate is a frequently used copper com-
pound in laboratory settings, with instances of poison-
ing being uncommon. A study conducted by the Ameri-
can Association of Poison Control Centers’ National
Poison Data System found that only 140 individuals
were exposed to copper compounds over the course of
a year, with five cases being intentional (Gummin et al.,
2023). Severe poisoning from copper sulfate can result
in isolated gastrointestinal injury (Galust et al., 2023),
intravascular hemolysis (Adline et al., 2024), rhabdo-
myolysis (Richards et al., 2020), and other symptoms
documented in the literature. However, there have been
no reports of long-term uncontrolled hyperglycemia in
patients with copper sulfate poisoning. This case study
documents the treatment approach for a patient with
unexplained, long-term, uncontrolled hyperglycemia,
alongside multiple organ dysfunction resulting from in-
tentional ingestion of a large dose of copper sulfate. This
case report details the long-term complications in a
patient’s recovery from acute copper sulfate, highlighting
the significance of ongoing monitoring and intervention.

A 17-year-old female drank 120 mL of a solution
prepared with approximately 250 g of copper sulfate
at 9:00 p.m., resulting in abdominal pain, diarrhea, and
vomiting of blue stomach contents. She was rushed to
the hospital, where her creatinine level was 104 pmol/L
before transfer to our health facility, and she received
2000 mL of 0.9% (9 g/L) normal saline for gastric
lavage. However, the gastric lavage was temporarily
stopped because the patient began vomiting blood.
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Upon arrival, the patient underwent blood tests
to determine the metal levels in her system. There was
a significantly elevated copper level of 294.3 pmol/L.
Laboratory analysis further identified multiple abnormal
indicators (Fig. 1). Concurrently, a computed tomog-
raphy (CT) scan identified edema and thickening of
the antrum, pancreatic swelling, slight mesangial ex-
udation, and minimal fluid accumulation in the pancreas
and abdominal cavity (Fig. 2). Based on the clinical pre-
sentation and diagnostic findings, the patient received
symptomatic supportive therapy, which included sodium
thioglycolide detoxification, methylprednisolone for anti-
inflammatory purposes, glutathione and glycyrrhizoate
monoamine for hepatic protection, pantoprazole for
gastric protection, and aggressive fluid resuscitation
to maintain water and electrolyte balance.

Seven hours post admission, the patient was trans-
ferred to the emergency intensive care unit (EICU)
and plasmapheresis and continuous renal replacement
therapy (CRRT) were initiated. The plasmapheresis was
performed over 4 d with a total volume of 5940 mL,
while the CRRT treatment was conducted for 8 d
(Fig. 3). On Day 2, the patient developed cyanosis of
the lips and cold extremities. Despite a high oxygen
flow rate (37%; 40 L/min), there was no clinical im-
provement, with blood gas oxygen saturation at 99.5%,
but percutaneous oxygen saturation was approxi-
mately 80%—85%. Consequently, the patient received
leukocyte-depleted red cell suspension and methylene
blue to address hypoxia, terlipressin to improve micro-
circulation, and prothrombin complex concentrate to
promote coagulation. The patient was transferred to the
toxicology observation unit on Day 8 and underwent
alternate-day hemodialysis to enhance renal function.
By Day 20, the patient exhibited severe non-pitting
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Fig. 1 Laboratory test results for the patient with acute copper sulfate poisoning. (a) Serum CK level (red). (b) Serum
indicators related to liver injury: ALT (green), AST (purple), TBIL (red), and DBIL (yellow). (¢) Oxygen index (OI, red)
(1 mmHg=133.322 Pa). (d) Serum indicators related to pancreatic injury: amylase (yellow) and lipase (red). (¢) Serum MetHb/
Hb ratio (red). (f) Serum indicators related to hemolytic anemia: RBC (red), Hb (purple), and UOB (yellow). (g) Serum FBG
concentration (red). (h) Urine Cr concentration (red) and UV (yellow). Ordinate is laboratory test results; abscissa is days.
CK: creatine kinase; TPE: therapeutic plasmapheresis; ALT: alanine aminotransferase; AST: aspartate aminotransferase;
TBIL: total bilirubin; DBIL: direct bilirubin; MetHb: methemoglobin; Hb: hemoglobin; RBC: red blood cell; UOB: urine

occult blood; FBG: fasting blood glucose; Cr: creatinine; UV:

edema, mainly in the lower extremities, and renal func-
tion tests showed a progressive increase in serum cre-
atinine levels, necessitating CRRT in the EICU. Nota-
bly, she developed hyperglycemia post poisoning, as

urine volume; EICU: emergency intensive care unit.

detailed in Fig. 1. Initial treatment with conventional
insulin was ineffective, prompting the addition of neutral
protamine Hagedorn insulin. On Day 42, the patient’s
poorly controlled hyperglycemia required an adjustment
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Fig. 2 Changes in the patient’s lung and abdominal computed tomography (CT) imaging. (a) Lung CT scans on Days 1,
3,7, and 15. Z slices: —80 mm (top) and —135 mm (bottom). (b) Abdominal CT scans on Days 1, 3, 7, 19, and 31. Z slices:

-78 mm (top) and —150 mm (bottom).
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Fig. 3 Timeline of the main treatment regimens received by the patient with acute copper sulfate poisoning. EICU: emergency
intensive care unit; TPE: therapeutic plasmapheresis; CRRT: continuous renal replacement therapy; INS: insulin; HSA:
human serum albumin; DEX: dexamethasone; MP: methylprednisolone; ILP: insulin lispro; AC: before meals; NPH:
neutral protamine Hagedorn; QN: every night; LAI: long-acting insulin; HS: at bedtime; HFHD: high-flux hemodialysis.

in the glycemic management strategy to insulin lispro
before meals and long-acting insulin before bed-
time. She was discharged on Day 45.

A telephone follow-up one month post discharge
revealed a fasting blood glucose level of 210.6 mg/dL

while on insulin therapy. By the three-month post-
discharge mark, the fasting blood glucose level decreased
to 122.76 mg/dL with continued insulin therapy, pro-
viding valuable insights into the long-term implications
of copper sulfate poisoning.
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Copper sulfate is a potent oxidizing agent known
to cause severe hemolysis, methemoglobinemia, liver
and kidney damage, and significantly higher mortality
rates than other poisonous heavy metals (Naha et al.,
2012; Wang et al., 2016). The adverse effects of these
heavy metals on tissues and organs are frequently
associated with oxidative stress and mitochondrial dys-
function (Zhang T et al., 2023; Zhang YL et al., 2023;
Jiang et al., 2024). In erythrocytes, renal tubular epithe-
lial cells, and hepatocytes, copper sulfate also induces
oxidative stress, mitochondrial autophagy, and endo-
plasmic reticulum stress (Wu et al., 2020; Tao et al.,
2021; Bai et al., 2023), which may collectively con-
tribute to kidney injury and intravascular hemolysis
in patients.

Rapid removal of copper ions from circulating
plasma by means of plasmapheresis can mitigate dam-
age to the blood system and kidneys (Du and Mou,
2019; Banerjee et al., 2023; Shankar et al., 2023). The
ecarly detection, diagnosis, and intervention are of par-
amount importance, not only for immediate recovery
but also to forestall long-term complications (Qin et al.,
2023; Wang et al., 2023). In this case, the patient’s
condition improved following blood dialysis, suggest-
ing that early and continuous blood-purification therapy
may be beneficial for severely poisoned patients to
optimize treatment outcomes. Timely blood dialysis is
equally essential for mitigating long-term complica-
tions such as kidney damage. For ongoing manage-
ment, ongoing monitoring and treatment of potential
long-term complications are needed even after control-
ling the acute poisoning event.

The patient’s elevated blood-glucose level may
have been influenced by the stress response induced
by the poisoning (Daryagasht et al., 2023). The enlarge-
ment of the pancreas we observed in association with
the copper sulfate exposure implies potential pancreatic
damage and subsequent impairment of insulin secre-
tion. Population-based observational studies have indi-
cated a correlation between dietary copper exposure and
the onset of type 2 diabetes (Zhao et al., 2023). Copper
exposure disrupts metabolic pathways, impairs glucose
metabolism, and induces autophagy through adenos-
ine monophosphate (AMP)-activated protein kinase
(AMPK)/mammalian target of rapamycin (mTOR) axis,
potentially leading to hyperglycemia (Chen et al.,
2024). In pancreatic B cells, copper compounds pro-
duce high-molecular-weight covalently linked aggregates

that contain the autoantigen glutamic acid decarbox-
ylase, leading to cellular damage (Trigwell et al., 2001).
The mechanism of uncontrolled hyperglycemia caused
by copper poisoning merits further investigation.

In summary, timely identification and treatment
of acute copper sulfate poisoning are crucial for im-
proving patient prognosis. Future research should focus
on determining the optimal timing and methods for
blood purification, as well as the early identification
and management of post-poisoning complications.
Additionally, effective strategies for managing long-
term complications should be developed to further en-
hance patient prognosis.
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