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Introduction

This chapter aims to provide clinicians and scientists working
with marine mammals with a convenient and rapidly acces-
sible single source on the subject. A compilation of the avail-
able pharmacological information on cetaceans, pinnipeds,
sirenians, sea otters (Enhydra lutris), and polar bears (Ursus
maritimus) is provided. Readers must be aware at all times
that drugs discussed in this chapter may have only been
used on a limited number of individual animals from a nar-
row range of species, so all information must be interpreted
with caution. No drugs have been licensed for use in marine
mammals.

The authors have relied heavily on published documen-
tation, which is included relatively uncritically, but they have
also included unpublished information from clinicians and
institutions with experience with some of the less frequently
encountered species. Even so, numerous gaps remain. Most
of the drug regimens included have been supported by docu-
mented clinical response, although only rarely have detailed
pharmacokinetic studies been published (Table 27.1).
Clinicians should be aware that undocumented effects may
still occur when these drugs are used on larger numbers of
individuals.

The tabular format was selected for the convenience of
clinicians needing information quickly. There are advan-
tages and limitations to this presentation. The primary
advantage is accessibility. The primary weakness is the
limited amount of information presented with each entry.
The tables are not intended to replace a background in
clinical veterinary medicine and pharmacology. Readers are
directed to individual references for further information and
are cautioned to read, understand, and discuss with col-
leagues the pharmacological properties of the drugs they
intend to administer to a marine mammal, even though dose
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Table 27.1 Drugs for which Pharmacokinetics Studies Have Been Undertaken in Marine Mammal Species

Drug

Dosage

Species/Comments

References

Amikacin

Aminocaproic acid
Amoxicillin

Buprenorphine
Cefovecin

Ceftazidime
Ceftiofur
Ciprofloxacin
Doxycycline
Enrofloxacin
Marbofloxacin
Meloxicam
Tramadol
Vitamin A

10 mg/kg IM BID

13 mg/kg IM Q24h
100 mg/kg PO

20 mg/kg IV once

20 mg/kg IV once
0.12 mg/kg SC Q72h
1-2 mg/kg SC, IM once
2 mg/kg IM once

4 mg/kg SC once

4 mg/kg SC once

8 mg/kg SC once

8 mg/kg IM once

8 mg/kg SC Q5-7d
17.4 mg/kg IM once
6.6 mg/kg IM Q5d

10 mg/kg PO Q24h
10—20 mg/kg PO Q24h
5 mg/kg PO once

5 mg/kg PO once

0.1 mg/kg PO Q7d
2-4 mg/kg PO Q6-12h
300-600 IU/day PO

Orcinus orca
Delphinapterus leucas

Mirounga angustirostris
Mirounga angustirostris
Phoca vitulina

Mirounga angustirostris
Otaria flavesecens
Odobenus rosmarus

Zalophus californianus
Phoca vitulina
Halichoerus grypus
Tursiops truncatus
Enhydra lutris

Tursiops truncatus
Zalophus californianus
Zalophus californianus
Mirounga angustirostris
Tursiops truncatus
Phoca vitulina

Tursiops truncatus
Zalophus californianus
Callorhinus ursinus

KuKanich et al. 2004
KuKanich et al. 2004

Kaye et al. 2016
Gulland et al. 2000
Gulland et al. 2000

Molter et al. 2015
Garcia Parraga et al. 2016
Garcia-Parraga, unpubl. data

Garcia-Parraga, unpubl. data
Garcia-Parraga, unpubl. data
Garcia-Parraga, unpubl. data
Garcia Parraga et al. 2012
Lee et al. 2016

Chow et al. 1992

Meegan et al. 2013
Barbosa et al. 2015
Freeman et al. 2013

Linnehan, Ulrich, and Ridgway 1999

KuKanich et al. 2007
Simeone et al. 2014
Boonstra et al. 2015
Mazzaro et al. 1995a, 1995b

regimens appear in the tables (Benet et al. 1996; Riviere
201D). Dosages and adverse effects of anesthetic agents are
discussed in Chapter 26. Always be cautious when admin-
istering drugs or drug combinations for the first time in a
marine mammal. If the decision is made to adopt a novel
treatment regime, only one animal should be treated and
then observed for an appropriate time to ascertain whether
adverse reactions occur. Certain drug effects, such as seda-
tion from opioids, may be dramatic in marine species. Sea
otters, for example, may have difficulty in the water after
receiving butorphanol or buprenorphine (Monterey Bay
Aquarium Pharmacopeia). Finally, always check with col-
leagues working with marine mammals before using an
unfamiliar drug, as they may be aware of adverse reactions
that have not been reported.

Routes for Administering
Drugs to Marine Mammals

Essentially all of the routes used to deliver drugs to domestic
animals are available for delivering drugs to marine mam-
mals. Practical considerations, however, frequently limit the
choice of routes in a clinical situation, and anatomical adapta-
tions can make delivery by some routes particularly challeng-
ing. Details of choice of route are discussed in each species
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medicine chapter (see Chapters 40 through 45), but some
precautions to take are given below.

From a practical standpoint, oral (PO) administration of
drugs is often the preferred route in an animal still taking
feed regularly or being tube-fed routinely for nutritional sup-
port. Few special caveats for oral administration of drugs to
marine mammals have been discovered, and a good knowl-
edge of human or domestic animal pharmacology provides
excellent guidance for the appropriate selection of this route.
The major considerations are food interactions and factors
that might affect absorption. These factors include specific
physiochemical properties of the drug, stomach pH, gastroin-
testinal microflora, and anatomy (Riviere 2011). For example,
phosphorus binders are commonly used in California sea
lions (Zaophus californianus) to treat renal disease associated
with leptospirosis, as is tetracycline, yet the absorption of this
antibiotic will be reduced by chelating agents (Gulland 1999).
Palatability issues may make PO administration difficult with
some drugs that have a strong taste or smell. This is of par-
ticular importance in sea otters, for which PO administration
of certain drugs like enrofloxacin is a great challenge.

Subcutaneous (SC) administration may be technically
difficult because of the blubber layer in some phocids, wal-
rus (Odobenus rosmarus), and most cetaceans, but can be
effective in sea otters and otariids. Prior to the development
of the thick blubber layer, young pinnipeds, especially neo-
nates, can also adequately absorb even lipophilic medications
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delivered by this route, which avoids muscle trauma or necro-
sis. Although subcutaneous administration of fluids is often
avoided in cetaceans, experienced clinicians have successfully
administered higher volumes of fluids to these animals by this
route by ensuring that the fluids are given between the blub-
ber and muscle layers (see Chapter 40). Long-acting depot
injections using poloxamer gels or other long-acting formula-
tions have been successful in treating localized infections via
both subcutaneous and subconjunctival routes (Simeone et
al. 2016, 2017). Abscesses have been reported in pinnipeds,
in particular with long-acting drugs such as extended-release
buprenorphine (Molter et al. 2015).

Intramuscular (IM) administration is frequently utilized
in marine mammals that are difficult to restrain and are inap-
petent. Be cautious and avoid superficial injection into the
extensive subcutaneous blubber, which has dramatically dif-
ferent vascularization and drug-partitioning properties than
does muscle (Fowler 1995; Nielsen 1996). Accidental delivery
into the blubber can result in failure to achieve any apprecia-
ble systemic distribution of highly lipid-soluble medications.
Certain drugs, such as diazepam, have inconsistent absorption
via the IM route (Hung et al. 1996). The irritation caused by
some injectable drugs is a local effect. This may be due to the
irritating nature of the drug or the volume of injection. The
recommended total volume injected per site does not increase
in scale with the mass of the animal. Very large marine mam-
mals may require large volumes of drug. The drug volume
per injection site should be reasonable, and multiple injection
sites may be necessary with larger volumes. Care should also
be taken to have injection sites as dry as possible, free of any
gross contamination prior to any injection, and always using
sterile needles. This is particularly important when injecting
anthelminthic and non-antibiotics of any kind. However, clini-
cians should be aware that sterile or even infected abscesses
can occur when injecting traditional antibiotics if care is not
taken to avoid contaminating the needle.

Many venipuncture approaches (IV) are nearly perpen-
dicular to the blood vessel and quite deep, thus complicat-
ing catheterization. Wire-reinforced epidural catheters can be
used to catheterize the epidural sinus in phocids. Needles
with side ports for directing a catheter at right angles can help
avoid perivascular leakage of irritating drugs. Administration
of IV drugs into the peri-arterial venous rete of the peduncle
in a cetacean holds a risk of injection into the surrounding
arteries, so IV medications should be diluted and administered
slowly. Signs of nausea are reported with IV drug administra-
tion and often resolve after slowing the rate of administration.

Nonirritating drugs can often be delivered intraperitone-
ally IP). The difficulties of this route are generally related to
the size of the patient and the availability of needles suitable
to penetrate the abdominal wall. Placing a flexible catheter
through a cannula for intraperitoneal administration avoids
the problem of accidental organ laceration with a rigid nee-
dle. In species like otariids for which vascular access and
IV catheter maintenance is a challenge, IP administration of
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medications like dextrose is a viable option, particularly dur-
ing a medical crisis (Fravel et al. 2016). Sterility is of great
importance to avoid introducing microorganisms into the
peritoneal cavity.

Intratracheal (IT) and inhalation (IH) administration of
drugs have been employed in marine mammals, primarily for
induction of anesthesia and targeted delivery of medications
to the lungs (see Chapter 26). Nebulization and aerosoliza-
tion can be used very effectively, either by holding a mask on
a restrained animal or by placing it in a nebulization cham-
ber, if drug delivery times are elongated to accommodate an
animal’s tendency to hold its breath. The efficacy of aerosol
absorption in the lungs depends largely on the particle or
droplet size, and should be taken into consideration when
choosing a drug and method for nebulization.

The major challenge with topical administration in marine
mammals is to achieve appropriate contact time for drug effi-
cacy in an aquatic environment. Baths and dips are possible
for some of the smaller species, and behavioral modifica-
tion can augment dipping body parts into smaller contain-
ers for large species. However, the most desirable application
in some cases would be an ointment or salve that would
remain in place; thus, ointments for marine mammals are
often specially compounded. The use of human dental bases
has had some success, but can be prohibitively expensive.
Less expensive lipid bases such as lanolin and petroleum gels
have been used with varying success.

Dose Scaling

Extrapolation of doses and pharmacokinetic parameters
across species is often necessary, as pharmacological data
for drugs in most species of marine mammal do not exist
(Riviere 2011. Even for drugs that have been studied in
marine mammals, sample sizes are often small, and consid-
eration of covariates such as body weight, enzymatic com-
position, and genetics is necessary to give a full picture of
allometric relationships (Riviere 2011). Allometric equations
usually compare parameters of interest (e.g., half-life, volume
of distribution, clearance) to body weight (Riviere 2011), and
a dizzying array of exponential equations can be found in
the literature. Choosing which equation to use can be daunt-
ing. The reader should be cautioned that not all drugs scale
well by body mass, even when theoretical metabolic rates are
figured into the equation (see Chapter 29). It is important to
know the expected metabolism and excretion routes of the
drug when making decisions on scaling a dose between spe-
cies. Studies on species of phocids of different size suggest
that effective doses based on body weight, rather than on
a complex allometric equation, may not be that unreason-
able for some drugs (Gulland et al. 2000; Barbosa et al. 2015;
Boonstra et al. 2015). Table 27.1 shows the limited number
of studies that have explored pharmacokinetic parameters for
drugs in marine mammals.
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Drug Interactions and Adverse Effects

When new combinations are considered, it is best if there
has been some experience with the drugs individually in the
species. If not, the consideration should be made to admin-
ister one drug at a time in an individual animal. It is not
feasible to present a comprehensive list of all possible drug
interactions in marine mammals in this chapter. The reader
should be prepared for the possibility of any drug inter-
action described in any species occurring. However, it is
particularly important to be aware of some of the potential
interactions of more commonly used medications. At pres-
ent, little documentation exists concerning drug interactions
in marine mammals, and the majority of these reports are
intuitive from knowledge of terrestrial animal pharmacol-
ogy. Texts on veterinary and human pharmacology should
be consulted, and discussions with colleagues undertaken,
when planning a mixed medication treatment for any marine
mammal.

Life-Threatening Adverse Reactions

Several drugs have been associated with fatal reactions.
While causation is difficult to prove in an isolated case, clini-
cians should be aware that administration of certain drugs
has been associated with potentially lethal effects in marine
mammals. Additional severe reactions are discussed in the
sections that follow. In the tables, these drugs are accompa-
nied by the symbol:

(#): SEE TEXT—POTENTIAL LETHAL REACTIONS

Trimethoprim-sulfadiazine, carprofen, cefovecin, and
iohexol have been associated with sudden death within close
temporal association of drug administration. Trimethoprim-
sulfadiazine has been associated with anaphylaxis in a
bottlenose dolphin (Tursiops truncatus), and fatal bone mar-
row suppression and pancytopenia in bottlenose dolphins
and a killer whale (Orcinus orca; SeaWorld Pharmacopeia).
Additionally, a bottlenose dolphin died within 15 minutes
of parenteral administration of carprofen (Martelli, unpubl.
data). A white-beaked dolphin (ZLagenorbyncus albirostris)
died shortly after IM administration of cefovecin and had
lesions consistent with shock on necropsy (Nollens, unpubl.
data). This drug has been associated with anaphylaxis in ter-
restrial species. A California sea lion experienced cardiore-
spiratory arrest immediately following iohexol administration,
and the death was attributed to iohexol (Dennison, Gulland,
and Braselton 2010).

Haloperidol has been associated with fatal neuroleptic
malignant seizures in a harbor seal (Phoca vitulina), wal-
rus, and Pacific white-sided dolphin (Zagenorbynchus obliq-
uidens; SeaWorld Pharmacopeia). Two fatalities in belugas
(Delphinapterus leucas) occurred after intramuscular admin-
istration of levamisole (Boehm, unpubl. data). Both whales
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were treated with levamisole; only one was treated concomi-
tantly with ivermectin. Fatalities occurring in both animals
strongly suggested that levamisole alone was the cause of the
mortalities. Levamisole has also been associated with toxicity
in sea otters (Kollias and Fernandez-Moran 2015).

Several drugs that were listed in previous editions of this
chapter have been associated with severe adverse effects in
humans or other species, and may have been removed from
markets in various countries. The doses remain on this list,
so clinicians are aware that they have been used in marine
mammals, but the authors strongly suggest that all drugs
are researched prior to use, as this list is not exhaustive.
Organophosphate toxicity has been reported with dichlor-
vos use. Potent photosensitization effects have been reported
with bithionol. Dihydrostreptomycin has been associated
with ototoxicity in humans. Disophenol has a narrow safety
range and has been associated with fatalities in humans.
Thromboembolism has been reported with thiacetarcemide
use. Hetacillin has been found to form formaldehyde in the
gut in humans and has no documented benefit over ampicil-
lin (Jusko and Lewis 1973).

Hepatic Effects

Evaluation of a patient’s clinical response to therapy is vital
throughout a course of therapy, to determine whether the
treatment is having a therapeutic effect, and to ensure that
no adverse effects are occurring. Several drugs have been
associated with elevations in hepatic enzymes. In marine
mammals, reversible elevations in transaminases have been
reported with the azole antifungals, as well as ceftriaxone,
florfenicol, and azithromycin (Dalton, Robeck, and Campbell
1995; Reidarson and McBain 1995; Dalton and Robeck 1998;
Romanov, Chelysheva, and Romanova 2011; Levine, unpubl.
data). Azole antifungal use, in particular itraconazole, ketocon-
azole, or fluconazole in bottlenose dolphins, has led to mild
and reversible liver pathology and 2- to 25-fold increases in
aspartate aminotransferase (AST), alanine transaminase (ALT),
and lactate dehydrogenase (LDH) concentrations (Reidarson
and McBain 1994; Reidarson et al. 1998). Itraconazole has also
been associated with hypocholesterolemia in a pilot whale
(Globicephala sp.; SeaWorld Pharmacopeia).

Irreversible hepatotoxicity has been associated with vori-
conazole and ketoconazole in cetaceans (Schroeder 1983;
SeaWorld Pharmacopeia). Voriconazole, in particular, has the
potential for severe hepatic, cardiac, and neurological effects.
Frequent monitoring of drug peak and trough levels and
hepatic enzymes is strongly recommended when administer-
ing these drugs, and dosing should be adjusted as needed.

Flucytosine should be administered in a combination
therapy with an azole to prevent resistance to flucytosine
(Reidarson et al. 1999). Premature cessation of the azole may
lead to flucytosine resistance (Poelma et al. 1974). Both drugs
should be administered beyond the elimination of infection,
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as determined by physical examination, cytology, cultures,
radiology, and endoscopy (Reidarson et al. 1999).

Renal Effects

Several drugs have the potential to be directly nephrotoxic
(gentamicin, amikacin, sulfonamides). Amikacin has been
associated with renal tubular necrosis in a bottlenose dol-
phin (SeaWorld Pharmacopeia). Significant toxicity has been
reported in sea otters with gentamicin in particular, par-
ticularly with repeated doses. Acute renal failure has been
reported with amphotericin B and liposomal nystatin in a
bottlenose dolphin and Pacific white-sided dolphin (Robeck
and Dalton 2002). Some drugs, such as nonsteroidal anti-
inflammatory drugs (NSAIDs), may cause hemodynamically
mediated renal impairment and should be used cautiously in
dehydrated patients or those with renal dysfunction.

Other drugs whose primary route of excretion is through
the urinary tract, such as most cephalosporins or fluco-
nazole, should be used with caution in patients with renal
compromise or dehydration, as clearance in the urine may
be reduced and dose may need to be adjusted. Platelet dys-
function and CNS signs have been noted with use of ticarcil-
lin in humans with concurrent renal disease due to reduced
drug clearance. Cephalosporins and aminoglycosides are fre-
quently administered to marine mammals. Clinicians should
be aware that concurrent administration of aminoglyco-
sides and cephalosporins increases the risk of renal toxicity
because the renal effects of these drug groups are additive.
Concurrent administration of aminoglycosides and flunixin
meglumine has also been linked to renal papillary necrosis
in a pilot whale (McBain, pers. comm.). Aminoglycosides and
flunixin meglumine may be contraindicated in cases of tox-
emia because they both have antiprostaglandin activity. The
nephrotoxicity of gentamicin, as well as of cephalosporins,
is also exacerbated with concurrent furosemide administra-
tion. Additionally, furosemide diuresis results in increased
renal loss of thiamine and pyridoxine, which can be impor-
tant in situations where nutrition or oral supplementation is
marginal. Administration of aminoglycosides, such as amika-
cin, in a single daily dose increases bactericidal activity and
post-antibiotic effect, allows more rapid attainment of high
serum concentrations, and decreases risk of nephrotoxicity
compared with administering multiple lower doses each day
(Townsend, Materese, and Sips 1996; Riviere 2011).

Leptospirosis causes acute renal failure and therapy typi-
cally includes antibiotics in the penicillin and tetracycline
families. A study in California sea lions showed that although
clinical evidence of renal failure resolved, leptospiruria per-
sisted after treatment with penicillin, amoxicillin, doxycy-
cline, or oxytetracycle (Prager et al. 2015). Longer courses of
therapy may be required to clear carriers.

The increased potassium loss in the urine caused by
furosemide administration may be exacerbated by concurrent

9781498796873_C027.indd 597

steroid administration. This is particularly a problem if sodium
intake is high, as is often the case in marine mammals being
fed with supplemental salt in the diet. If a diuretic is indicated
in a marine mammal receiving steroid therapy, alternatives to
furosemide should be considered.

Gastrointestinal Effects

Gastrointestinal (GD effects are exceedingly common, par-
ticularly with oral drug administration. Anorexia and GI dis-
comfort are most commonly reported with antibiotic use.
Aminoglycosides, cephalosporins, fluoroquinolones, mac-
rolides, penicillins, sulfonamides, and tetracyclines have
reported GI effects in marine mammals (Sweeney 1986a;
SeaWorld Pharmacopeia; TMMC Pharmacopeia). Azole anti-
fungals are frequently associated with GI upset and inappe-
tence, and aminophylline and leuprolide have similar reports.
Fluconazole is considered less likely to cause inappetence
than ketoconazole or itraconazole, when administered to bot-
tlenose dolphins (Reidarson et al. 1999). If inappetence occurs
as a result of itraconazole administration, appetite may return
by reducing the dose. Some clinicians advocate concomitant
administration of prednisolone with ketoconazole to reduce
the impact of inappetence.

Constipation has been noted in both cetaceans and pin-
nipeds with ferrous sulfate, sucralfate, and tramadol use,
and diarrhea has been noted during treatment with tylo-
sin (Thurman and Windsor 1984; SeaWorld Pharmacopeia;
TMMC Pharmacopeia). In addition to GI discomfort, a range
of GI signs from ulcers to gastritis and enteritis are reported
with aspirin, steroids, and NSAIDs. As with terrestrial spe-
cies, steroids and NSAIDs should not be combined, and they
have been associated with fatal perforation of the connecting
channel in several cetaceans (Van Bonn 2002).

Clinicians may utilize drugs that have secondary effects
on the GI tract, and must be aware of the potential for adverse
effects. For instance, prostaglandin F, alpha works on the
smooth muscle of the uterus, but has GI, musculoskeletal,
and cardiac effects, in addition to its intended target.

Nervous System Effects

Transient neurologic signs have been reported in odontoce-
tes with ivermectin use (Townsend 1999). Tremors have been
noted with ivermectin in Guadalupe fur seals (Arctocephalus
townsendii; TMMC Pharmacopeia). Seizures and visual defi-
cits were noted in a California sea lion receiving voricon-
azole, which was also associated with hepatotoxicity (Field,
Tuttle, and Sidor 2012). Enrofloxacin administration has also
been associated with neurologic signs and muscle fascicu-
lations in bottlenose dolphins and rough-toothed dolphins
(Steno bredanensis; SeaWorld Pharmacopeia; Staggs, unpubl.
data). Tremors of the flukes have been noted with chronic
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parenteral amikacin therapy in bottlenose dolphins, killer
whales, and belugas (SeaWorld Pharmacopeia). The etiology
of this effect is unknown.

Dermal Effects

Hypersensitivity reactions characterized by ulcerations of
the mucocutaneous junctions have been reported with
trimethoprim-sulfadiazine use in a beluga (Schmitt, Nollens,
and McBain 2013). Minocycline has been associated with
hyperpigmentation in a killer whale (SeaWorld Pharmacopeia).
Enrofloxacin has been reported to be associated with pho-
tosensitivity in bottlenose dolphins for 4—8 weeks following
cessation of treatment (Levine, unpubl. data). While photosen-
sitization has not been reported with bithionol use in marine
mammals, the drug has potent photosensitization effects in
humans.

Otic Effects

Amikacin has been reported to cause hearing loss in belugas,
and it is known to be toxic to cochlear hair cells (Finneran
et al. 2005). Furosemide may also increase the ototoxicity
of gentamicin. Ototoxicity has not been reported in marine
mammals, but dihydrostreptomycin has been associated with
ototoxicity in humans.

Hematologic Effects

A variety of adverse effects have been noted with sulfon-
amide use in cetaceans. In addition to the dermal and GI
effects noted above, hematologic effects have also been
reported. A moderate reaction is characterized by neutro-
philia (Cornell 1978). A severe reaction noted in belugas,
killer whales, and bottlenose dolphins includes both neu-
tropenia and thrombocytopenia (SeaWorld Pharmacopeia).
Anemia and leukopenia has been noted with linezolid in
combination with sulfonamides in a killer whale (SeaWorld
Pharmacopeia). The exceptionally long half-life of some sul-
fonamides in cetaceans is likely a contributing factor in pro-
ducing adverse reactions. Sulfamethoxazole was found to
have a half-life of 5.3 to 7.2 days in killer whales (McBain
1984). This extremely long half-life has not been noted in
other sulfa drugs, but the possibility that other sulfas may
also have prolonged excretion times must be considered.
Trimethoprim-sulfamethoxazole has been associated with
severe bone marrow suppression and death in several ceta-
ceans (SeaWorld Pharmacopeia). Most of the cases of adverse
reactions to sulfas have occurred with sulfa-trimethoprim
combination drugs. Though the mechanisms of these reac-
tions are not well studied, many clinicians suspect sulfa
drugs to be the culprits when reactions occur. Folic acid
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should be administered to any cetaceans receiving sulfa-
trimethoprim combination drugs to mitigate the risk of a
drug-induced deficiency of the vitamin.

Ferrous sulfate can be used to treat severe anemia or
low serum iron, or when hand-raising a neonate cetacean.
Clinicians should monitor for iron overload during therapy
(Staggs and Townsend, pers. comm.; see Chapter 40).

Musculoskeletal Effects

Certain drugs, including ceftriaxone, ceftiofur, imipenem, leup-
rolide, and ondansetron, are associated with pain and irritation
at the site of injection (Calle et al. 1997, 1999; Townsend 1999;
SeaWorld Pharmacopeia; TMMC Pharmacopeia). Abscesses
have been reported with IM ampicillin/sulbactam, ceftiofur,
enrofloxacin, and praziquantel use in pinnipeds, and muscle
necrosis has been associated with tetracycline and enroflox-
acin injections in sea otters (Gobush, Baker, and Gulland
2011; Innis, unpubl. data; Monterey Bay Pharmacopeia;
TMMC Pharmacopeia). Florfenicol has been shown to cause
an increase in aspartate transaminase (AST) and lactate
dehydrogenase (LDH) due to muscle trauma at injection
sites in bottlenose dolphins and belugas (Dalton and Robeck
1998).

Fluoroquinolones have been reported to cause cartilage
damage in weight-bearing joints of young, rapidly growing
animals (Burkhardt, Hill, and Carlton, 1990; Burkhardt 1996;
Burkhardt, Walterspiel, and Schaad 1997; Yoshida et al. 1998).
Fluoroquinolones inhibit cell proliferation and induce mor-
phological changes in tendon cells (Yoon et al. 2004). The
clinical responses of marine mammals to fluoroquinolone
treatments have often been favorable, so they are often the
broad-spectrum antibiotic of choice for many experienced cli-
nicians in treating neonatal marine mammals suffering from
severe infections of unknown origin. However, it is still wise
to use caution when administering fluoroquinolones to juve-
nile marine mammals, and these patients should be carefully
monitored for any signs that might be attributable to joint
pain.

Antiulcer Medications

The use of antacids, histamine receptor (H2) blockers,
proton-pump inhibitors, and gastroprotectants in the treat-
ment of gastric ulcers is routine. Several important drug
interactions can be expected with concurrent use of these
compounds, based on knowledge gained in human medicine.
Simultaneous administration of antacids with H2 blockers
will significantly decrease the absorption and effectiveness of
these drugs. To avoid this complication, administering either
antacids or H2 blockers at least 1 hour prior to the other
will allow adequate absorption. The use of antacids may alter
stomach pH, to the point that requirements for dissolution
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and subsequent absorption of drugs are not met. To maximize
absorption, steroids, azoles, tetracyclines, and iron should be
administered at least 2 to 3 hours before or after administra-
tion of antiulcer medications. Antacids with di- and trivalent
cations also decrease the absorption of oral steroids, such as
prednisolone and dexamethasone. In fact, the presence of
multivalent cations such as calcium, magnesium, iron, and
zinc from either other medications or ingesta in the stomach
can decrease absorption of tetracyclines, fluoroquinolones,
and sulfonamides.

McBain (1985) has documented a negative impact of
cimetidine on absorption of tetracycline from the stomach in
killer whales. Either these two drugs should be administered
concurrently or the tetracycline should be administered first.
Cimetidine and ranitidine can also impair metabolism of cer-
tain drugs such as benzodiazepines in terrestrial mammals by
inhibiting the cytochrome P450 pathway. Famotidine does not
inhibit this pathway.

A common problem encountered in cetaceans adminis-
tered with antiulcer medications is vomiting, when the gastric
pH becomes too high to demineralize and digest fish bones.
These bones can be seen in the vomitus or via endoscopy.
Prolonged administration (i.e., for weeks) of these medica-
tions in pinnipeds can also cause an impaction of fish bones
within the stomach. Changes in pH are more pronounced
with proton pump inhibitors than antacids or H2 blockers.
Normally, the acidic pH of the stomach will demineralize and
digest fish bones within 30 minutes. During antiulcer therapy,
the stomach should be frequently assessed as is feasible by
closely monitoring gastric pH and motility. In addition, a nec-
rotizing dermatitis of unknown etiology has been observed
in several bottlenose dolphins receiving ranitidine (SeaWorld
Pharmacopeia).

Sucralfate is a commonly administered gastroprotectant
in marine mammals. It may decrease absorption of other
drugs if given concurrently and may be inactivated by tet-
racyclines. Administration should be separated for these
drugs.

Steroids

Steroid administration can have complex metabolic effects
on marine mammals, particularly on electrolyte balance.
Dexamethasone or prednisolone administration reduces
calcium and phosphate absorption and increases the urine
output of calcium and potassium in terrestrial animals.
Prolonged therapy could predispose an animal to hypocal-
cemia. Steroids also increase circulating serum glucose, tri-
glyceride, and cholesterol concentrations. Dexamethasone
administration in bottlenose dolphins can cause neutrophilia,
lymphopenia, eosinopenia, elevated insulin, depressed
ACTH and cortisol concentrations, and enhanced appetite
(Reidarson and McBain 1999). These changes in hematology
and serum chemistry may return to normal upon cessation

9781498796873_C027.indd 599

of steroid therapy. Supplemental vitamin D, folate, ascorbic
acid, and pyridoxine may be appropriate during prolonged
steroid administration, because serum content of these vita-
mins can be depleted. When administered in close tempo-
ral association with NSAIDs, steroids have been associated
with fatal perforation of the connecting chamber in several
cetaceans (Van Bonn 2002). Gradual reduction in steroids is
recommended to allow the adrenal gland to resume normal
function.

Rifampin stimulates microsomal enzymes that are
involved in the metabolism of steroids. Therefore, admin-
istration with oral or parenteral steroids may prevent the
effects of steroids. This inhibition of steroid action through
increased metabolic inactivation can have long-lasting effects,
even after discontinuation of rifampin therapy. Rifampin
administration enhances the elimination of both exogenous
and endogenous steroids, compromising the ability of an
animal to maintain metabolic homeostasis. Rifampin has also
been documented to cause an idiopathic thrombocyte dys-
function that can result in prolonged bleeding times (Marcus
1982; Stoskopf et al. 1987). Rifampin turns the urine a red-
orange color in dolphins. This should not be misinterpreted
as hematuria.

Although estrogen therapy is not common in marine
mammals, the seasonal or iatrogenically induced cycling of
females should be considered when evaluating steroid ther-
apy. High estrogen levels will increase the anti-inflammatory
effects of steroids by approximately 20-fold (Hansten 1985).
Corticosteroids will not be metabolized properly in animals
undergoing estrogen therapy (Hansten 1985). Megestrol ace-
tate administration has been associated with adrenal cortical
dysfunction in bottlenose dolphins. The effect is prominent at
dosages as low as 10 mg (Houser et al. 2017).

Drug Dosages

Some published drug dosages, and dosages from institu-
tional pharmacopeias, are listed in Tables 27.2 through
27.6. When reading these tables, it is important to remem-
ber that these drugs have only been used in a limited num-
ber of individuals and have not been exhaustively tested for
efficacy or potential side effects. The column describing the
number of animals treated was added primarily to highlight
that for many published reports, the dose listed was used in
a single animal. Use of the world “multiple” was employed
to share that the dose had been used in more than a few
animals, although the total number is unknown, and varies
by drug. Drugs listed in previous editions such as diphenyl-
hydantoin and primidone, which have largely been replaced
by phenobarbital and newer anticonvulsants, remain in the
tables to guide clinicians around the world that may have
different access to pharmaceuticals. The tables are compiled
so that readers have easy access to existing information
used by practitioners.
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