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Not All equine stem Cells equal: 
Choose your “Weapon” Wisely

P ractitioners have identified stem cell 
therapies as potentially powerful 
weapons in the war on wounds and 

injuries. But the exact cell types most ben-
eficial for certain “battles” remain unclear.

“Stem cells, particularly a specific co-
hort of stem cells called mesenchymal stro-
mal cells that have the ability to become 
any one of a variety of cell types such as 
bone or cartilage, are a promising tool for 
treating various orthopedic conditions,” 
explained Janina Burk, DVM, of the Large 
Animal Clinic for Surgery at the Univer-
sity of Leipzig, in Germany. She and her 

 colleagues recently compared five different 
mesenchymal stromal cell sources. 

Mesenchymal stromal cells can be de-
rived from bone marrow, fat (adipose) tis-
sue, other body tissues (such as tendons, 
the body tissue used in this study), and 
umbilical cord blood and tissue. Currently, 
the “best” source of stem cells for treating 
tendon, ligament, and other orthopedic in-
juries remains a topic of great debate due 
to a lack of comparative studies. And while 
many researchers are running from bench 
to stall with stem cell technology, others 
are recalling their troops and holding out 
for the “hero” stem cell source. 

In their study the team determined:
■   The highest cell yield was from adipose 

and tendon tissues;

■   Those two populations of cells grew 
quickly in culture as compared to the 
other cell populations;

■   Normal tendon tissues’ production of 
cell “markers” varied depending on the 
cell source (meaning not all mesenchy-
mal stromal cells behaved like true ten-
don cells); and

■   Cells’ ability to differentiate into bone or 
cartilage cells differed. Bone marrow-
derived cells were best at becoming 
bone cells, and cells from umbilical cord 
blood were best at becoming cartilage 
cells.
“The five different populations of stro-

mal cells used … showed significantly dis-
tinct properties in this study, suggesting 
that cell source could play a major role in 
the behavior of stem cells used in the clini-
cal setting,” Burk concluded. “It is possible 
that exploiting these properties could im-
prove the outcome of stem cell therapy.” 

In other words, either choosing a spe-
cific cell source or altering the way mes-
enchymal stromal cells are treated in the 
laboratory before injecting them into an in-
jured tendon could maximize this therapy’s 
efficacy, improving injured horses’ chances 
of recovering and returning to work.
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Mesenchymal stromal cells 
have the ability to become a 
variety of cell types, such as 
bone or cartilage.

Stem Cell
Therapy
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Tweaking stem Cell Therapy Use
“To derive the greatest benefit from stem 

cell therapy, we need to optimize and de-
scribe (stem cells’) behavior in the labora-
tory,” said Mandi J. Lopez, DVM, MS, PhD, 
Dip. ACVS, director of the Laboratory for 
Equine and Comparative Orthopedic Re-
search, in Louisiana State University’s De-
partment of Veterinary Clinical Sciences. 
“Ultimately, this is necessary for the pre-
clinical studies to confirm safety and effi-
cacy prior to controlled clinical  trials.”

In their study, Lopez and colleagues 
isolated “multipotent stromal cells” from 
bone marrow and adipose tissue. Multipo-
tent stromal cells are immature cells found 
in adult tissues that are thought to main-
tain normal tissue and respond to injury by 
maturing into adult cells as needed. In this 
sense they are a form of stem cells; howev-
er, unlike “totipotent” stem cells (that can 
become any tissue type), multipotent stem 
cells are generally limited to becoming the 
type of tissues from which they’re derived. 
For example, a mesenchymal stromal cell 
can become muscle or bone cell but not a 
brain cell. In the study by Lopez et al., vet-
erinarians harvested cells from adipose tis-
sue and bone, so these cells were able able 
to become tissues such as bone, adipose 
tissue, and cartilage. 

“The ability to isolate, grow, and selec-
tively increase the number of these cells 
in the laboratory, as well as their ability to 
become different cell types, has been con-
firmed many times,” Lopez said. “The fo-
cus (of research) has now begun to shift to-
ward determining the best ways to use the 
cells to meet the needs of clinical  patients.” 

One way to do this is to use patient cells 
to grow new or “neo” tissues in the labora-
tory. In theory, the new tissue can then be 
applied to either treat or replace damaged 
tissue, similar to a graft.  

The team looked at the ability of mul-
tipotent stromal cells from bone and adi-
pose tissue to become bone, adipose, and 
cartilage cells, and their ability to produce 
“neotissue” after the scientists loaded 
these cells onto pieces of collagen, called 
a scaffold (they did this using a perfu-
sion bioreactor, which Lopez said “moves 
the cells suspended in fluid through the 
scaffold … to equally distribute the cells 
and maximize the number of cells on 
the collagen”). The scaffold provides the 
 framework to which the cells adhere and 
begin producing  tissue. 

After loading, the researchers main-
tained the cells on the scaffolds in growth 
conditions for seven, 14, and 21 days. 
Then they evaluated the number of live 
cells, distribution in the scaffold, gene ex-
pression, and neotissue formation. 

“The key finding of this study was that 
adult equine multipotent stem cells, when 
loaded onto collagen scaffolds, turned into 
distinct cell types and produced adipose, 
bone, and cartilage neotissue,” said Lopez. 

Further, when cells were grown under 
conditions designed to produce a certain 
tissue type, the bone marrow cells tended 

to have earlier expression of bone and car-
tilage genes, while adipose tissue cells had 
earlier expression of adipose genes.  

“This may mean that multipotent stro-
mal cells from both types of tissue may be 
used for tissue regeneration under similar 
laboratory conditions,” noted Lopez.  

Additionally, the researchers deter-
mined that the perfusion bioreactor pro-
vided an efficient and effective way to load 
the cells onto the scaffold, potentially min-
imizing the total number of cells scientists 
need to generate specific neotissue.  

She concluded, “These findings support 
our ongoing efforts to develop equine stem 
cell tissue regeneration to provide new and 
improve upon existing treatment options, 
especially in the area of fracture repair.”

Tendon Injury Approach Ineffective
In the spirit of evidence-based medi-

tice, one group of researchers put mes-
enchymal stem cells head-to-head with a 
simple “bone marrow supernatant” (a type 
of bone marrow extract that contains a 

Researchers recently revealed that stem cells 
and other biologic therapies might be useful for 
treating subfertile mares. 

Ryan Ferris, DVM, MS, Dipl. ACT, of Colorado 
State University’s Equine Reproduction Laboratory, 
said that approximately 20% of mares are unable 
to clear a normal inflammatory response to sper-
matozoa by 24-48 hours post-mating, adversely 
impacting their fertility. 

Together with David Frisbie, DVM, PhD, Dipl. ACVS, 
ACVSMR (sports medicine), who is renowned in the 
industry for his work with IRAP (a type of biologic therapy used extensively for joint disease), Fer-
ris evaluated how well stem cells (MSCs) and autologous conditioned serum (ACS) controlled 
uterine inflammation. To do this, they used 800 million dead spermatozoa to induce an inflam-
matory response in six mares. The team monitored the resulting inflammation using a variety of 
clinical and biochemical endpoints. Their key findings were:
■  Both ACS and MSCs decreased evidence of inflammation by a reducing the number of 

neutrophils (a class of white blood cells) as compared to a placebo treatment; and
■  Increased concentrations of the anti-inflammatory mediator interleukin-1Ra were identified 

after MSC treatment, but no difference in interleukin-1Ra was noted after ACS treatment.
“These preliminary results suggest that biologic therapies can alter the immune response 

in mares following mating,” summarized Ferris. “Because a variety of bioactive substances 
could be involved in this response, more research is needed.” 

In other words, researchers aren’t certain what exactly aspects of MSC and ACS treat-
ment could be modifying these mares’ uterine environments, but the preliminary results 
support future work in this field. They also need to more closely examine the impact of ACS 
and MSCs on pregnancy rates in subfertile mares to prove its benefits.

sTem Cells for UTerINe INflAmmATIoN

Study results suggest stem cell therapy 
can alter the immune response in mares 
following mating.
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 Cell source could play 
a major role in the behavior 

of stem cells used in the 
clinical setting. 

dr. jAninA bUrk
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number of cell types, not just stem cells) 
to treat superficial digital flexor tendon 
(SDFT) injuries.

“Implantation of mesenchymal stem 
cells has become a very popular treat-
ment for tendon and ligament injuries in 
horses in recent years,” explained Michael 
Schramme, DrMedVet, CertEO, PhD, 
Dipl. ECVS/ACVS, from the National Vet-
erinary School Of Lyon, in Marcy L’Etoile, 
France. “One of the most commonly used 
stem cell products in both the U.S. and 
Europe uses the supernatant of the bone 
marrow aspirate from which the stem 
cells are cultured to re-suspend the cells 
prior to injection.

“In order to determine the benefit the 
cells might bring to the healing process in 
an injured tendon, we decided to compare 
the effect of implantation of stem cells 
suspended in bone marrow supernatant 
with the effect of injection of the super-
natant alone,” he added. “In particular we 
were looking for evidence of regeneration 
of new tendon tissue in both treatment 
groups, as opposed to scar tissue that is 
known to replace the damaged tendon tis-
sue in horses treated with rest alone.”

The team hypothesized that SDFT le-
sions would heal better if treated with the 
mesenchymal stem cells than simply with 
the bone marrow supernatant.

They created SDFT lesions in the front 

limbs of six horses. Four weeks later, the 
researchers treated one of each horse’s 
limbs with mesenchymal stem cells and 
the other with only bone marrow extract. 
They assessed healing 12 weeks later using 
ultrasonography, MRI, and histopathology 
(looking at tissue under a microscope). 

“We analyzed a variety of features of 
healing and not only did we not find any 
significant differences between the two 
treatments, we also saw no evidence for 
regeneration of new tendon tissue but only 
found scar tissue formation in the tendons 
of both treatment groups,” he noted. 

Schramme added, “There are a number 
of possible reasons that no differences … 
were observed, including the possibility of 
insufficient follow-up time, as the study 
was terminated after three months, which 
is a relatively early time-point in tendon 
healing; … that the stem cells did not sur-
vive or spread adequately in the damaged 
tendon, as we did not test this particular 
aspect of the treatment; or even … that the 
beneficial aspects of stem cells do not arise 
from promoting new tissue regeneration, 
but from a different mechanism.

“A lot of work still needs to be done be-
fore it can be established that stem cell 
therapy is the best current treatment for 
tendon injuries in horses or whether this is 
just a passing fashion,” he added. “Future 
studies will need to look at the optimal 
number of stem cells used for implanta-
tion, the optimal time of stem cell implan-
tation after injury, the optimal source of 
stem cells, and whether or not stem cells 
from a different donor can be used.” h

    MORE ONLINE                 
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■ Progenitor Cells in Healthy and Laminitic 
Hooves, TheHorse.com/31327

■ Stem Cell Preparation and Delivery, TheHorse.
com/31331

Christy Corp-Minamiji, DVM
@cminamiji

34% of (non-vet) people 
performing complementary 
and alternative medicine 
services are untrained.

Convention Tweet

Injury to the superficial digital flexor tendon (SDFT) is common in athletic horses and 
often refractory to treatment. Strains of the SDFT account for up to 46% of limb injuries in 
racing Thoroughbreds and were reported to be the most important reason for retirement of 
racehorses from racing in Hong Kong. These SDFT strains are often career-threatening events 
because recovery is slow and recurrence is high. In spite of treatment with long-term rest 
with or without supportive medical or surgical therapy, return to exercise is associated with a 
re-injury rate of more than 50%, which veterinarians believe is because the replacement of 
damaged tendon tissue with scar tissue compromises tendon biomechanical function.

sDfT INjUrIes: WhAT’s The bIG DeAl?

For oral Use In Horses only
For the treatment of equine protozoal myeloencephalitis (EPM) caused by Sarcocystis neurona 
in horses. 
CAUTION 
Federal (U.S.A.) law restricts this drug to use by or on the order of a licensed veterinarian.
naDa #141-268  approved by FDa
DESCRIPTION 
Diclazuril, (±)-2,6-dichloro-α-(4-chlorophenyl)-4-(4,5 dihydro-3,5-dioxo-1,2,4-triazin-2(3H)-yl)
benzeneacetonitrile, has a molecular formula of C17H9CI3N4O2, a molecular weight of 407.64, and 
a molecular structure as follows:

Diclazuril is an anticoccidial (antiprotozoal) compound with activity against several genera of the 
phylum Apicomplexa. PROTAZIL® (diclazuril) is supplied as oral pellets containing 1.56% diclazuril 
to be mixed as a top-dress in feed. Inert ingredients include dehydrated alfalfa meal, wheat 
middlings, cane molasses and propionic acid (preservative).
INDICATIONS 
PROTAZIL® (1.56% diclazuril) Antiprotozoal Pellets are indicated for the treatment of equine 
protozoal myeloencephalitis (EPM) caused by Sarcocystis neurona in horses.
DOSAGE AND ADMINISTRATION
Dosage: PROTAZIL® (1.56% diclazuril) is administered as a top dress in the horse’s daily grain 
ration at a rate of 1 mg diclazuril per kg (0.45 mg diclazuril/lb) of body weight for 28 days.  The 
quantity of PROTAZIL® necessary to deliver this dose is 64 mg pellets per kg (29 mg pellets/
lb) of body weight.
Administration: To achieve this dose, weigh the horse (or use a weigh tape)). Scoop up 
PROTAZIL® to the level (cup mark) corresponding to the dose for the horse’s body weight using 
the following chart:

Weight Range of 
Horse (lb)

mLs of Pellets Weight Range of 
Horse (lb)  

mLs of Pellets

275 - 524 20 1275 - 1524 60
525 - 774 30 1525 - 1774 70

775 - 1024 40 1775 - 2074 80
1025 - 1274 50 - -

One 2-lb bucket of PROTAZIL® will treat one 1100-lb horse for 28 days. One 10-lb bucket of 
PROTAZIL® will treat five 1100-lb horses for 28 days.
CONTRAINDICATIONS 
Use of PROTAZIL® (1.56% diclazuril) Antiprotozoal Pellets is contraindicated in horses with known 
hypersensitivity to diclazuril.
WARNINGS 
For use in horses only. Do not use in horses intended for human consumption. Not for human use. 
Keep out of reach of children. 
PRECAUTIONS 
The safe use of PROTAZIL® (1.56% diclazuril) Antiprotozoal Pellets in horses used for breeding 
purposes, during pregnancy, or in lactating mares has not been evaluated. The safety of 
PROTAZIL® (1.56% diclazuril) Antiprotozoal Pellets with concomitant therapies in horses has 
not been evaluated.
ADVERSE REACTIONS 
There were no adverse effects noted in the field study which could be ascribed to diclazuril. 
To report suspected adverse reactions, to obtain a MSDS, or for technical assistance call 
1-800-224-5318.
CLINICAL PHARMACOLOGY 
The effectiveness of diclazuril in inhibiting merozoite production of Sarcocystis neurona and S. 
falcatula in bovine turbinate cell cultures was studied by Lindsay and Dubey (2000).1 Diclazuril 
inhibited merozoite production by more than 80% in cultures of S. neurona or S. falcatula treated 
with 0.1 ng/mL diclazuril and greater than 95% inhibition of merozoite production (IC95) was 
observed when infected cultures were treated with 1.0 ng/mL diclazuril. The clinical relevance of 
the in vitro cell culture data has not been determined.
PHARMACOKINETICS IN THE HORSE 
The oral bioavailability of diclazuril from the PROTAZIL® (1.56% diclazuril) Antiprotozoal 
Pellets at a 5 mg/kg dose rate is approximately 5%. Related diclazuril concentrations in the 
cerebrospinal fluid (CSF) range between 1% and 5% of the concentrations observed in the 
plasma. Nevertheless, based upon equine pilot study data, CSF concentrations are expected to 
substantially exceed the in vitro IC95 estimates for merozoite production (Dirikolu et al., 1999)2. 
Due to its long terminal elimination half-life in horses (approximately 43-65 hours), diclazuril 
accumulation occurs with once-daily dosing. Corresponding steady state blood levels are achieved 
by approximately Day 10 of administration.
EFFECTIVENESS 
Two hundred and fourteen mares, stallions, and geldings of various breeds, ranging in age from 
9.6 months to 30 years, were enrolled in a multi-center field study. All horses were confirmed 
EPM-positive based on the results of clinical examinations and laboratory testing, including CSF 
Western Blot analyses. Horses were administered PROTAZIL® (1.56% diclazuril) Antiprotozoal 
Pellets at doses of 1, 5, or 10 mg diclazuril/kg body weight as a top-dress on their daily grain 
ration for 28 days. The horses were then evaluated for clinical changes via a modified Mayhew 
neurological scale on Day 48 as follows:

0. Normal, neurological deficits not detected.
1. Neurological deficits may be detectable at normal gaits; signs exacerbated with 

manipulative procedures (e.g., backing, turning in tight circles, walking with head elevation, 
truncal swaying, etc.).

2. Neurological deficit obvious at normal gaits or posture; signs exacerbated with 
manipulative procedures.

3. Neurological deficit very prominent at normal gaits: horses give the impression they may 
fall (but do not) and buckle or fall with manipulative procedures.

4. Neurological deficit is profound at normal gait: horse frequently stumbles or trips and may 
fall at normal gaits or when manipulative procedures were utilized.

5. Horse is recumbent, unable to rise.
Each horse’s response to treatment was compared to its pre-treatment values. Successful 
response to treatment was defined as clinical improvement of at least one grade by Day 48 ± 
conversion of CSF to Western Blot-negative status for S. neurona or achievement of Western 
Blot-negative CSF status without improvement of 1 ataxia grade.
Forty-two horses were initially evaluated for effectiveness and 214 horses were evaluated for 
safety. Clinical condition was evaluated by the clinical investigator’s subjective scoring and then 
corroborated by evaluation of the neurological examination videotapes by a masked panel of three 
equine veterinarians. Although 42 horses were evaluated for clinical effectiveness, corroboration 
of clinical effectiveness via videotape evaluation was not possible for one horse due to missing 
neurologic examination videotapes. Therefore, this horse was not included in the success rate 
calculation.
Based on the numbers of horses that seroconverted to negative Western Blot status, and the 
numbers of horses classified as successes by the clinical investigators, 28 of 42 horses (67%) 
at 1 mg/kg were considered successes. With regard to independent expert masked videotape 
assessments, 10 of 24 horses (42%) at 1 mg/kg were considered successes. There was no 
clinical difference in effectiveness among the 1, 5, and 10 mg/kg treatment group results.
Adverse events were reported for two of the 214 horses evaluated for safety. In the first case, a 
horse was enrolled showing severe neurologic signs. Within 24 hours of dosing, the horse was 
recumbent, biting, and exhibiting signs of dementia. The horse died, and no cause of death was 
determined. In the second case, the horse began walking stiffly approximately 13 days after the 
start of dosing. The referring veterinarian reported that the horse had been fed grass clippings 
and possibly had laminitis.
ANIMAL SAFETY 
PROTAZIL® (1.56% diclazuril) Antiprotozoal Pellets were administered to 30 horses (15 males 
and 15 females, ranging from 5 to 9 months of age) in a target animal safety study. Five groups 
of 6 horses each (3 males and 3 females) received 0, 5 (5X), 15 (15X), 25 (25X) or 50 (50X) 
mg diclazuril/kg (2.27mg/lb) body weight/day for 42 consecutive days as a top-dress on the 
grain ration of the horse. The variables measured during the study included: clinical and physical 
observations, body weights, food and water consumption, hematology, serum chemistry, 
urinalysis, fecal analysis, necropsy, organ weights, gross and histopathologic examinations. The 
safety of diclazuril top-dress administered to horses at 1 mg/kg once daily cannot be determined 
based solely on this study because of the lack of an adequate control group (control horses tested 
positive for the test drug in plasma and CSF). However, possible findings associated with the drug 
were limited to elevations in BUN, creatinine, and SDH and less than anticipated weight gain. 
Definitive test article-related effects were decreased grain/top-dress consumption in horses in 
the 50 mg/kg group.
In a second target animal safety study, PROTAZIL® (1.56% diclazuril) Antiprotozoal Pellets were 
administered to 24 horses (12 males and 12 females, ranging from 2 to 8 years of age). Three 
groups of 4 horses/sex/group received 0, 1, or 5 mg diclazuril/kg body weight/day for 42 days 
as a top-dress on the grain ration of the horse. The variables measured during the study included 
physical examinations, body weights, food and water consumption, hematology, and serum 
chemistry. There were no test article-related findings seen during the study.
STORAGE INFORMATION 
Store between 15°C to 30°C (59°F to 86°F).
HOW SUPPLIED 
PROTAZIL® (1.56 % diclazuril) Antiprotozoal Pellets are supplied in 2-lb (0.9 kg) and 10-lb (4.5 
kg) buckets.
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Recognizing EPM can be hard. Now the treatment is easy.

Introducing Protazil® (1.56% diclazuril), the safe, easy way to treat EPM. Protazil is  
the first FDA-approved alfalfa-based pelleted EPM treatment that makes accurate 
dosing and administration simple.  
 
Ask your veterinarian for Protazil. Because we’re for helping you help your horse.
Visit us at Protazil.com

Imbalance

Muscle loss 

Head tilting

Mystery lameness
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Protazil is contraindicated in horses with known hypersensitivity to diclazuril.  
Safe use in horses used for breeding purposes, during pregnancy, or in lactating 
mares has not been evaluated. The safety of Protazil with concomitant therapies  
in horses has not been evaluated. See related page in this issue for details. 

For use in horses only. Do not use in horses intended for human consumption.  
Not for human use. Keep out of reach of children.
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