What compounds work against
what parasites, how effective they
are, and how to use them wisely
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PARASITE PRIMER PART 8—DRUGS FOR THE DEWORMING WAR

T

he shelves at the local co-op or tack
shop, and the pages of your animal
health product catalog, all feature a
bewildering array of dewormers. If you feel
confused every time you have to make a
decision about anthelmintic selection, it’s
no wonder. How do you choose?
In order to make an informed decision,
you need to know something about the
properties of the drugs. How do they act
once they’re inside your horse? What about
safety and efficacy? Here’s a primer on the
active ingredients in various dewormers
that are currently available.

Heterocyclic Compounds

How Do They Work?
All nematocides (drugs that kill nematode or roundworm parasites) essentially
kill worms by either starving them to death
or paralyzing them. Because worms have
no way of storing energy, they must eat
almost continuously to meet their metabolic needs. Any disruption in this process
results in energy depletion, and interfering
with feeding for 24 hours or less is sufficient
to kill most adult parasites.
Parasites will also die if they become
paralyzed and temporarily lose their ability
to maintain their position in the gut.
Although dewormers are sold under many brand names, there are really only nine
distinct compounds currently approved for
use against equine parasites (see “Dewormers Available in the United States” below
right). These nine drugs belong to only five
different chemical classes. Because all drugs
in a chemical class kill worms by the same
mechanism, we’ll use a chemical classification system to discuss each dewormer in
greater detail. For a translation to the more
familiar brand name, see the table.

Nearly all of the equine anthelmintics currently
marketed could be termed “broad spectrum,”
meaning they kill a broad variety of parasites,
rather than targeting a single species. For horses,
broad spectrum products kill large strongyles,
cyathostomes (small strongyles), ascarids, and
pinworms.

Tetrahydropyrimidines
The tetrahydropyrimidines (pyrantel
pamoate and pyrantel tartrate) mimic the
activity of acetylcholine, a naturally occurring neurotransmitter that initiates muscular contraction. The action of acetylcholine on nerve cells is usually brief and
temporary because it is degraded by a specific enzyme known as acetylcholinesterase. Pyrantel salts induce the same
muscle-contracting effect as acetylcholine,
but the resulting contraction is irreversible.
This results in rigid paralysis, so the worm
is unable to feed and quickly starves. Pyrantel has the fastest activity of any of the
major deworming classes used in horses,
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Several dewormers are classified as heterocyclic compounds, but piperazine is the
only one used in horses. Piperazine works
by depolarizing muscular membranes,
which renders them resistant to the action
of acetylcholine. Worms affected by piperazine are paralyzed and cannot feed properly. The action of piperazine is limited to
adult parasites, so it is likely that fecal egg
counts would remain low for only a limited
time following treatment with this drug.
Although it was popular a few decades
ago, today piperazine is used infrequently in
horses. It is available as a liquid or powder
formulation, and it must be administered in
voluminous doses that usually require nasogastric intubation. There is also a pelleted
form that can be fed as a supplement.

Macrocyclic Lactones
The macrocyclic lactones act on very
specific sites in nematode nerve and muscle
cells, disturbing the normal transmission of
nervous stimuli to muscles. The result is
flaccid paralysis, with an inability to feed or
swallow nutrients. Macrocyclic lactones are
the most potent killers of worms, being
effective at less than one-tenth the dosage of
other classes of dewormers. They also have
the unique quality of killing external parasites, such as lice, mites, and the cutaneous
(inhabiting the skin) larvae of Onchocerca,

DEWORMERS AVAILABLE IN THE U.S.

Benzimidazoles
Benzimidazoles interfere with a worm’s
energy metabolism on a cellular level. They
bind to a specific building block called beta
tubulin and prevent its incorporation into
certain cellular structures called microtubules, which are essential for energy
metabolism. This is analogous to treating
bricks so they won’t bind to mortar; walls
constructed with such materials would be
unstable and ultimately collapse.
Interfering with energy metabolism is a
much more basic mode of activity than
those of the other classes of dewormers.

but worm populations tend to bounce back
quickly from it—strongylid fecal egg counts
are suppressed for only about four weeks.
Also, pyrantel salts only affect adult parasites—they don’t hurt the larval stages.
Pyrantel pamoate is available in suspension and paste formulations, while pyrantel
tartrate is formulated in alfalfa pellets and
can be fed daily at 1.2 mg/pound daily for
prevention of strongyles and ascarids, or
used at a higher dosage as a single treatment to remove existing worms.

For this reason, the benzimidazoles are
also able to kill nematode eggs, a property
not shared by other classes of dewormers.
Benzimidazoles are available in granules,
paste, and suspension formulations. As a
group, they’re more effective when given
several days in a row. This property has
been exploited in the Panacur PowerPac,
which has a five-day treatment regimen for
efficacy against migrating large strongyle
larvae and encysted cyathostomes.
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DRUG CLASS

GENERIC
ANTHELMINTICS

BRAND NAMES

Benzimidazoles

Fenbendazole
Oxfendazole
Oxibendazole

Panacur; Safeguard; Panacur PowerPac
Benzelmin
Anthelcide E.Q.

Heterocyclic compounds

Piperazine

Piperazine

Macrocyclic lactones

Ivermectin
Moxidectin

Zimecterin, Rotation 1, Ivercare, Equell
Quest, Quest Plus, ComboCare

Pyrantel pamoate

Exodus; Pyrantel Pamoate Paste; PSI’s
suspension; Strongid-T; Strongid Paste
Strongid-C; Strongid-C 2X; Continuex;
Continuex 2X
Equimax; Quest Plus; Zimecterin Gold

Tetrahydropyrimidines

Pyrantel tartrate
Isoquinoline-pyrozines

Praziquantel
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Habronema, and Draschia.
But macrocyclic lactones also have a
down side—they don’t act as quickly as
other deworming drugs. Three to four days
is required before strongylid egg counts
reach their lowest level post-worming.
Macrocyclic lactones are available in
paste or solution formulations (ivermectin)
or as an oral gel (moxidectin).

Isoquinoline-Pyrozines
Praziquantel is the sole member of the
isoquinolone class used in horses. It is also
unique in that it has no activity against nematodes (roundworms). Praziquantel is effective only against cestodes, or tapeworms
(Anoplocephala spp.). It acts by disrupting
the integument (the worm’s outer layer),
which renders the worm incapable of maintaining a balanced equilibrium of body fluids and chemicals. Tapeworms killed by
praziquantel look very damaged when they
eventually pass out in the feces of a horse.
Praziquantel is currently marketed only
in combination with macrocyclic lactones,

and the combination formulation is that of
the parent compound (ivermectin if paste,
moxidectin if a gel).

Common Ground
Despite their differences, all anthelmintics for use in horses must be approved by
the Center for Veterinary Medicine of the
Food and Drug Administration (FDA).
Before receiving FDA approval, however,
dewormers must undergo rigorous testing
to demonstrate that they are safe and effective for the intended uses. FDA guidelines
generally require an anthelmintic to remove at least 90% of the target parasites,
and they are very strict about the information that appears on the product label.
Nearly all currently marketed equine
anthelmintics could be called “broad spectrum,” meaning they kill a broad variety of
parasites rather than targeting a single species. For horses, broad spectrum means efficacy against large strongyles, cyathostomes
(small strongyles), ascarids, and pinworms.
Narrow spectrum is anything less.

MORE DEWORMING OPTIONS

Are Generics Just As Good?

T

he first company to develop a drug generally secures a patent that guarantees exclusive
rights to manufacture and market the compound for 20 years. When the patent expires,
individuals or companies that can manufacture the same chemical may also pursue FDA
approval to market generic versions of the product.
The approval requirements for generic drugs are not as exhaustive as those needed to
achieve the original New Animal Drug Approval. A generic manufacturer must accomplish
two things. The first is to demonstrate that their version of the compound is chemically identical to the one first approved (known as the pioneer). Proof of chemical identity mostly
involves manufacturing issues, which have very stringent regulatory requirements.
The second issue is demonstrating that the generic candidate acts like the pioneer when
given to the intended animal species. The preferred method is demonstrating plasma bioequivalence i.e., that both generic and pioneer compounds are metabolized at similar rates
and to a similar extent. Plasma bioequivalence was used to test the generic ivermectin pastes
that are currently approved for equine use (e.g., Equell, Ivercare, Phoenectin, Rotation 1).
Some drugs, however, are metabolized in a manner that results in negligible or erratic
plasma levels. Generic approvals for such drugs can be accomplished by biological end-point
bioequivalence testing, which is a modification of the efficacy studies performed initially by
the original manufacturer. Bioequivalence is granted if both drugs significantly reduce worm
numbers with greater than 90% efficacy. If the calculated efficacy of either compound is less
than 90%, bioequivalence can still be granted if the data meet certain statistical criteria.
Biological end-point bioequivalence was used to test the generic pyrantel pamoate products
currently marketed for horses (e.g., Exodus, Pyrantel Pamoate Paste, PSI’s suspension).
If either testing method shows a generic drug to be equivalent to the pioneer, then the
generic can receive all the label claims for the same dosage of the pioneer at the time of
comparison. Finally, drugs that are solutions (not pastes or suspensions) may require no
animal testing, and the generic manufacturer’s only burden of proof is chemical identity.
While a patent is in effect, the manufacturer of a drug operates in the absence of competition and can charge what the market will bear. Generic drugs generally can be sold at lower
prices, however, because development costs are significantly lower. Although the term
“generic” is sometimes used to suggest inferior or inconsistent quality, the chief purveyors of
this notion are pioneer manufacturers who hope to maintain their market share. Approval of
a generic drug by the Center for Veterinary Medicine of the Food and Drug Administration
means, by definition, that it is considered to be equivalent to the pioneer.—Karen Briggs
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Do you deworm your horse...
Every three months:
Every six weeks:
Other:
Daily:
Every six months:
Never:
TOTAL VOTES:

35.04% (328)
31.94% (299)
13.57% (157)
9.94% (93)
8.97% (84)
0.53% (5)
936

Over-the-counter anthelmintics do not
require refrigeration, but can be damaged
by excessive heat. Observe the storage
conditions recommended on the packaging, and remember that a truck’s dashboard can get darned hot in the summer.
Dewormer labels also include an expiration date, after which the stability and
concentration of the product can no longer
be guaranteed. Expired drugs are not likely
to become toxic, but they might become
less effective, and their physical properties
might be altered. For instance, if your paste
is kept too long it might shrivel into
cement.

Dewormer Myths
Forty years ago, dewormers were a much
different kettle of fish than they are today.
More difficult to administer, and with a
smaller margin of safety and a narrower
spectrum of efficacy than anything available today, those early dewormers should
be just a memory. But some of the beliefs
that came with them persist; like so many
other things in the equine industry, tradition swings a bigger stick than logic.
Let’s tackle a few of the more outdated
notions head-on.
Myth #1— “The only way to ensure my
horse gets dewormed properly is to get my
veterinarian to tube him.”
False— Giving an anthelmintic via nasogastric tube is still considered to be the only
“guarantee” that all of the drug is ingested.
But this practice originated strictly because
most early dewormers were either very irritating to oral membranes (like carbon disulfide) or required voluminous doses that
could not be delivered in any other way
(piperazine and combinations thereof).
With the modern compounds and formulations, there is no need to use a nasogastric tube for anthelmintic administration.
Myth #2— “Chemicals toxic enough to
kill worms must be toxic to my horse, too.”
False— In the 1960s and 1970s, a drug
class known as organophosphates was used
in horses to remove bots and various other
internal parasites. At therapeutic dosages,
organophosphates could cause physiologic
3
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changes in horses as well as in worms. Toxic
effects in horses included colic, salivation,
incoordination, and muscular twitching.
There also was some concern about organophosphates causing abortions.
Today’s dewormers are vastly superior to
the organophosphates we once used. They
have broad margins of safety and are
administered to millions of horses worldwide without incident. Today, the major
safety issue with deworming is ascarid impactions following treatment of foals,
weanlings, and yearlings harboring heavy
parasite loads, and there are strategies to
treat those horses without triggering that
cascade. Killing other types of adult worms
is essentially without consequence, as is
killing most larval stages in the tissues.
Myth #3—“Dewormers aren’t safe to use
in pregnant mares.”
False— For a drug label to state that the
product is safe for use in pregnant mares,
the FDA requires the manufacturer to conduct rigorous testing to prove it. With the
exception of the three drug combinations
that include praziquantel (see “Dewormers
Available in the United States” on page 2),
all currently marketed anthelmintics are
approved for pregnant mares.
The lack of pregnant mare safety claims
for the praziquantel combinations is due to
their recent entry into the market rather
than to any suspected hazards. Because
pregnant mare safety testing usually requires a minimum of two years, most
pharmaceutical companies will seek initial
approval of their drug while waiting on a
pregnant mare safety trial. If and when
safety is demonstrated, the label can be
amended to reflect that fact. In the
meantime, the manufacturer is able to sell
a product that is not labeled for use in
pregnant mares to begin recouping their
research and development investment
while the patent life is ticking away.
Myth #4— “I can get the same deworming effect without using toxic chemicals on
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SAVING A FEW BUCKS

Are Compounded Anthelmintics As Good?

Y

ou might have heard about “compounded” dewormers that are much cheaper than
those you can buy from a vet or tack shop. They claim to have the same active ingredient as the national brands, so they should be just as good, right? Often, the answer is no.
Manufacturing veterinary drugs is very complicated; to achieve Food and Drug Administration (FDA) approval, manufacturers must demonstrate that a product consistently matches
its label’s description. A drug is far more than just the active ingredient. Its safety and efficacy
depend on the active ingredient plus all of its other components, which can affect its
stability, shelf life, and absorption. Overall product quality depends on the quality of each
component.
In many cases, compounded drugs are examples of drug piracy, the act of producing and
selling a copy of a drug approved by the Food and Drug Administration (FDA).
Many chemicals used in pirated products are bulk chemicals (usually powders) that come
from non-FDA-approved sources. They might be smuggled into the Unites States and have
no quality assurances or testing for safety or efficacy. It’s nearly impossible for pirates to
produce a drug that matches FDA quality, safety, and efficacy standards. According to at least
one independent study performed by Merial Limited, pirated ivermectin dewormers have
been shown to lack the quality and concentration of the FDA approved products (see “Is
Your Horse Getting The Right Medications?,” www.TheHorse.com/emag.aspx?id=3649).
The other problem with pirated products is that if the drug fails to work or harms your
horse, you as an owner have no recourse because drug piracy and the use of these products
is illegal. With dewormers, you might not even know the pirated product hasn’t done what
you expected it to do; the consequences might not be apparent for several months.
Pharmacists can legally compound veterinary drugs if there are no FDA-approved drugs
for the problem. Given the various dewormers and formulations (pastes, gels, suspensions,
solutions, pelleted top-dress) available, that’s clearly not the case, so it’s hard to conceive of
a situation that would justify using a compounded anthelmintic. The main motivation seems
to be price. Remember, you usually get what you pay for. Caveat emptor (buyer beware).
The issue of illegal drug piracy for animals has low priority for the FDA, so it might be
years before this problem receives serious enforcement. In the meantime, it’s up to veterinarians and horse owners to remain vigilant.—Joseph J. Bertone, DVM, MS, Dipl. ACVIM

my horse by giving him a safe, natural
remedy like diatomaceous earth.”
Questionable— Although many herbal
and “natural” products are marketed as
being effective against worms, none of
them are currently regulated by the Centers
for Veterinary Medicine. As a result, they
are not subject to the same FDA restrictions
regarding label claims.
Also, no scientific evidence supports the
efficacy of most herbal dewormers. In the
case of diatomaceous earth, which is composed largely of silica (the main component of glass), there is some evidence that
it might be abrasive to the integuments of
worms in the GI tract, but it can only
target those worms in the digestive system
and might not be enough to kill them. And,
one has to wonder what that same abrasiveness might do to your horse’s delicate
intestines!
If you choose to try a natural or herbal
anthelmintic on your horse, check its efficacy by performing a fecal egg count before
and after administration (see “Diagnosis:
Examining the Evidence,” www.TheHorse.
com/emag.aspx?id=5193, for information
on doing a fecal egg count). That will give

you some indication as to whether they’ve
provided the protection your horse needs.
Myth #5— “To keep worms from developing resistance, I should use a different
drug each time I treat my horse.”
False—Rotation will be addressed more
fully in next month’s article on anthelmintic
resistance. For now, keep in mind that the
practice of rotating equine dewormers
began four decades ago, and the rationale
wasn’t resistance, because that was long
before anthelmintic resistance became a
prevalent problem. Instead, rotation was
recommended because earlier anthelmintics didn’t have broad-spectrum activity.
Owners alternated among various products
to cover any holes in the spectra of the other
drugs. (For example, phenothiazine didn’t
kill ascarids, so piperazine was used from
time to time. Neither was effective against
bots, so that required dichlorvos.)
Because most modern dewormers are
“broad spectrum” and strike down many
worm species in a single blow, rotation as
most of us understand it is now largely a
moot practice for horses. There are routines
for managing resistance, however, which
we’ll talk about next month. Stay tuned! h
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