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Metformin overdose 
in dogs and cats
Jacqueline B. Heller, DVM

Metformin is an antihyper-
glycemic prescription med-
ication labeled for the treat-

ment of noninsulin-dependent (type 2)
diabetes mellitus in people. Metformin
belongs to the biguanide group of oral
antidiabetic agents and is the only
biguanide currently available in the
United States. Other biguanides, such
as phenformin and buformin, were
withdrawn from the U.S. market be-
cause of their higher risk of serious ad-
verse effects (increased risk of lactic
acidosis).1 Metformin has also been
studied in cats as a potential treatment
for diabetes mellitus.2,3 Most cases of
metformin toxicosis reported to the
ASPCA Animal Poison Control Center
(APCC) involve dogs that have in-
gested their owners’ medication.

SOURCES
Metformin is available in single-
ingredient preparations as well as in
combination with other antidiabetic
agents. Under the trade name Glu-
cophage (Bristol-Myers Squibb) and
in several generic formulations, met-
formin is available as tablets contain-
ing 500, 850, or 1,000 mg of met-
formin hydrochloride. Glucophage
XR, the extended-release formulation,
contains 500 or 750 mg of metformin
hydrochloride. Two other metformin-
only products available in the United
States are Riomet (Ranbaxy Pharma-
ceuticals), a liquid oral formulation
containing 500 mg/5 ml of metformin
hydrochloride, and Fortamet (First
Horizon Pharmaceutical) 500- or
1,000-mg extended-release tablets.

MECHANISM OF ACTION
AND PHARMACOKINETICS
Biguanides are thought to lower
postprandial glucose concentrations
in diabetic patients by increasing glu-
cose uptake and decreasing glucose
production. Although the precise
mechanisms by which metformin ex-
erts its antihyperglycemic effects are
not entirely certain, they are largely
attributed to a reduction in hepatic
gluconeogenesis, a decrease in intes-
tinal glucose absorption, and an in-
crease in peripheral tissue sensitivity
to insulin.1,4,5 To a lesser degree, met-
formin may also increase glucose up-
take by skeletal muscles.6

Although experience with met-
formin in animals is limited, studies
have shown that the general pharma-
cokinetics of metformin in cats is
similar to that reported in people.2,7

In people, metformin is absorbed
slowly from the gastrointestinal (GI)
tract, with peak plasma concentra-
tions reached within one to three
hours after ingestion. The absolute
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PET  FOOD REC ALL

Aminopterin
and melamine
Petra Volmer, DVM, MS, DABVT, DABT

Two substances,
aminopterin and

melamine, have been
identified in some of the
tested samples of the re-
called pet foods manufac-
tured by Menu Foods

(www.menufoods.com). How these
substances entered the pet food chain
hasn't been determined. Investigators
also don't know whether these sub-
stances are the sole cause of the illness
associated with ingestion of the re-
called food; other as yet unknown fac-
tors are likely to be involved.

Aminopterin is an antineoplastic
agent and an antimetabolite. At high
doses, it can cause crystalluria. 

Melamine is utilized in the produc-
tion of some plastics and is apparently
utilized in some fertilizers in Asia. The
significance of finding melamine in the
pet food at this point is unclear.

Some animals that ingested the re-
called pet food and developed acute
renal failure and died had unusual
crystals in their renal tubules. The pre-
cise composition of the crystals hasn’t
yet been determined. 

Animals that have ingested the re-
called pet food may exhibit lethargy,
vomiting, diarrhea, anorexia, polyuria,
and polydipsia. A physical examina-
tion, CBC, serum chemistry profile,
and urinalysis are recommended in
symptomatic animals that have in-
gested a recalled food. Treatment in-
cludes hydration and diuresis. Alkalin-
ization, such as adding sodium
bicarbonate to intravenous fluids, may
help dissolve the renal crystals.  Ani-
mals that are treated immediately or
soon after exposure can recover.

If an animal dies or is euthanized
because of illness related to ingestion
of a recalled pet food, tissue samples
can be submitted to a diagnostic labora-
tory for further analysis, or the body can
be submitted for necropsy and analysis. 

Visit vetmedpub.com to hear
an audio clip about the latest
on this topic from Dr.Volmer.

Dr.Volmer is an assistant professor at the
College of Veterinary Medicine, University
of Illinois, Urbana, IL 61802. She depart-
ment editor for “Toxicology Brief.”
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bioavailability under fasting condi-
tions is about 50% to 60%. Peak
plasma concentrations are achieved
within four to eight hours after in-
gestion of a dose of a metformin 
extended-release product.1,2,8

Metformin is not metabolized in
the liver and is eliminated un-
changed primarily in urine, with a
small percentage of unabsorbed
drug excreted in feces. The elimina-
tion half-life in people is 6.2 hours.
With oral doses, by 24 hours after in-
gestion, about 90% of the absorbed
drug has been eliminated by the kid-
neys. For that reason, the elimina-
tion half-life can be delayed in indi-
viduals with significant renal
insufficiency and is therefore con-
traindicated in those patients.8,9

CLINICAL SIGNS
AND TOXICITY
In all cases of metformin ingestion
reported to the ASPCA APCC, the
patients were symptomatic, and
most of the affected animals were
dogs. The most common clinical sign
reported was vomiting (92%), with
about half the patients exhibiting
this sign alone. The onset of vomit-
ing ranged from 15 minutes to eight
hours after ingestion. 

In one diabetic cat being treated
with metformin, an oral dose of 250
mg given twice daily was associated
with severe vomiting and diarrhea.10

Signs reported to the ASPCA
APCC less frequently include
lethargy, diarrhea, hypothermia, hy-
potension, pale mucous membranes,
and hindlimb tremors. The duration
of signs is not known; however, it is
presumably three or four metformin
half-lives (18 to 24 hours). 

Hypoglycemia
Unlike the sulfonylurea medications
(e.g. glyburide or glipizide), met-
formin does not increase pancreatic
insulin secretion and, thus, even in
overdose situations, does not cause
substantial hypoglycemia. In people,

acute ingestions of up to 85 g—1,133
mg/kg for the average 165-lb (75-kg)
person—did not result in hypo-
glycemia.11 However, in individuals
with pre-existing malnutrition, with a
history of excessive exercise coupled
with inadequate food intake, or taking
other glucose-lowering drugs concur-
rently, hypoglycemia may occur.1,8

Lactic acidosis
While life-threatening lactic acidosis
was a frequent adverse effect in peo-
ple taking phenformin, an associa-
tion between lactic acidosis and

metformin used therapeutically or
in cases of acute overdoses is rare.
Lactic acidosis is usually associated
with long-term use,6 and once it de-
velops, it has been associated with a
50% to 75% mortality rate.4

Lactic acidosis in people receiving
metformin has occurred primarily in
diabetic patients with significant renal
insufficiency. Additionally, patients
with congestive heart failure who re-
quire pharmacologic management for
hypoperfusion and hypoxemia are at
increased risk of lactic acidosis. The
threat of lactic acidosis increases with
the extent of renal dysfunction and
the patient’s age.9 These conditions
can result in decreased renal clearance
of the drug, and, consequently, lactic
acidosis can occur. The postulated
mechanism is that metformin causes
decreased hepatic production of glu-
cose from lactate (via the Cori cycle).
The net result is decreased conversion
of lactate to glucose and subsequent
lactic acidosis.2,8,9

No minimum toxic metformin

dose for the development of lactic
acidosis is established in people. In
one case report, a 15-year-old
healthy girl ingested 38.25 g (550
mg/kg) of metformin and devel-
oped lactic acidosis and moderate
renal failure. Hemodialysis was used
to treat the acidosis and reduce the
toxic concentrations of metformin.12

Left untreated, lactic acidosis can re-
sult in confusion, hypotension, coma,
collapse, and death.8 In a pediatric
study, doses of up to 196 mg/kg of
metformin produced no signs of lac-
tic acidosis or hypoglycemia. Most of
the children received activated char-
coal, and clinical effects were limited
to GI upset (13%).13

Based on cases reported to the
ASPCA APCC, neither lactic acidosis
nor any deaths have been directly at-
tributable to metformin toxicosis in
animals. Further, it is unknown
whether or at what dose acidosis
may occur in domestic animals as a
result of metformin ingestion. Ac-
cording to a survey of 14 case
records, animal exposures to met-
formin have ranged from 15.5 to 314
mg/kg. Additionally, out of the 14
metformin cases surveyed, four of
the patients underwent glucose mon-
itoring, and callbacks were requested
if abnormalities were noted. In all
four cases, no hypoglycemia was re-
ported, and doses ranged from 58 to
170 mg/kg (ASPCA APCC Database:
Unpublished data, 2001-2005).

GI upset
GI upset is a more common adverse
effect than lactic acidosis is in people
after therapeutic use of metformin, as
well as in overdose situations in peo-
ple and animals. During initial met-
formin therapy, about 30% of people
experience GI adverse effects includ-
ing diarrhea, nausea, vomiting, ab-
dominal bloating, flatulence, or
anorexia.8 In one study evaluating
metformin therapy in cats, decreased
appetite, vomiting, and weight loss
were observed.14 ➢

Vomiting is the
most common

clinical sign
reported.



TREATMENT
AND MONITORING
Because there is no known antidote
for biguanides, the best treatment for
metformin toxicosis is successful de-
contamination followed by support-
ive care directed toward specific signs.
Also monitor patients for lactic acido-
sis and their response to therapy.

Decontamination and GI support
Induce emesis if the exposure was re-
cent, ideally within the first two
hours of the ingestion, and if sponta-
neous vomiting has not previously
occurred. Once nausea has resolved,
activated charcoal may be used to
bind metformin and should be given
in cases of large overdose. Treat GI
upset supportively with antiemetics,
such as metoclopramide (Table 1); in-
travenous fluids; and GI protectants
as needed. Avoid lactate-containing
fluids, such as lactated Ringer’s solu-
tion, since they could increase the risk
of lactic acidosis.1,4 Sucralfate and an
H2-receptor antagonist, such as famo-
tidine or ranitidine, may help protect
the GI tract and relieve gastric irrita-
tion. If preferred, omeprazole, a pro-
ton-pump inhibitor, may be used in-
stead of an H2-receptor antagonist.
Because sucralfate needs an acidic en-
vironment to be effective, it should be
given at least a half-hour before H2-
receptor antagonists or omeprazole.
Avoid cimetidine because it can in-
crease metformin plasma concentra-
tions and decrease the rate of met-
formin excretion.1,7

Monitoring for lactic acidosis
Since it is unknown at what met-
formin dose lactic acidosis may occur
in domestic animals, it is recom-
mended that arterial blood gases be
monitored, particularly as doses ap-
proach 200 mg/kg.13 If lactic acidosis
does occur, treat with intravenous
sodium bicarbonate (1 to 2 mEq/kg
initially and repeat up to every 15 min-
utes as needed). Continue monitoring
blood gases and serum sodium, chlo-
ride, and potassium concentrations
during bicarbonate administration. 

Additionally, electrocardiographic
monitoring is important when using
bicarbonate because hypokalemia
might develop as the alkalinization
process is started. Intravenous ad-
ministration of sodium bicarbonate
enhances intracellular movement of
potassium, resulting in lower serum
potassium concentrations. As a re-
sult, a relative alkalosis is created
when bicarbonate is administered.
Cardiac arrhythmias may develop
since hypokalemia delays ventricular
repolarization. In dogs and cats, the
electrocardiographic changes associ-
ated with hypokalemia are varied,
with ventricular and supraventricu-
lar arrhythmias possible.15

Also monitor renal function in
cases of lactic acidosis since acute
renal failure has been noted in people
with biguanide lactic acidosis.4 If hy-
potension occurs, treat with intra-
venous fluids, and avoid using pres-
sor agents (e.g. dobutamine,
phenylephrine) if possible since they

may produce hypoxemia of the
skeletal muscle, thus, further increas-
ing lactate concentrations.1,4

PROGNOSIS
In general, an animal’s prognosis after
a metformin overdose is good since GI
signs are routinely all that develop.
The prognosis would be guarded if
lactic acidosis developed. Particularly
in large overdoses, prompt decontam-
ination and supportive care are essen-
tial to a successful recovery. ❖
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TABLE 1
Drug Dosages for Treating Gastrointestinal Upset
Drug Dosage for Dogs Dosage for Cats

Metoclopramide 0.1– 0.4 mg/kg every 6 hours orally, Same as for dogs
subcutaneously, or intramuscularly

Sucralfate 0.5–1 g orally every 8 to 12 hours 0.25–0.5 g orally every 8 to 12 hours

Famotidine 0.5 mg/kg orally, subcutaneously, or Same as for dogs
intramuscularly every 12 to 24 hours

Ranitidine 0.5–2 mg/kg orally, intravenously, or 2.5 mg/kg intravenously every 12 hours 
intramuscularly every 8 to 12 hours or 3.5 mg/kg orally every 12 hours

Omeprazole 0.5–1 mg/kg orally once daily 0.7 mg/kg orally once daily


