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Abstract

Objective: Evaluate effects of acellular equine liquid amnion allograft (ELAA)

injected into healthy equine joints.

Study design: Randomized, blinded, controlled experiment.

Animals: Eight healthy adult horses.

Methods: One intercarpal joint (ICJ) of each horse was randomly assigned to

be injected with 1.5 ml of ELAA (treatment) while the contralateral ICJ was

injected with 1.5 ml of 0.9% NaCl (control). Subjective lameness evaluation,

force plate analysis, and synovial fluid analysis, including interleukin-1 recep-

tor antagonist (IL-1ra) analysis, were performed before (day 0) and at days

1, 3, 5, and 10. Synovial fluid analysis was also performed on days 20 and 30.

Results: No difference in subjective lameness (P = .75) and no decrease in

peak vertical force or vertical impulse were seen in any limb on any day. Total

nucleated cell count (TNCC) was increased in treatment joints on days

1 (P = .0007; T: 6039 cells/μl, C: 240 cells/μl) and 3 (P < .0001; T: 1119 cells/μl,

C: 240 cells/μl). Log-10 transformed values for IL-1ra were higher in treated

joints on days 1 (P = .0005; T: 3553.7 pg/ml, C: 1890.1 pg/ml) and 3 (P = .01;

T: 2283.2 pg/ml, C: 1250.7 pg/ml).

Conclusion: Injection of ELAA into the ICJ caused an increase in synovial

fluid TNCC in comparison with saline control but no lameness was observed.

There was increased IL-1ra on days 1 and 3 after ELAA injection.

Clinical significance: Intra-articular injection of ELAA into healthy equine

joints results in no significant safety concerns. The observed increase in IL-1ra

may provide beneficial effects in inflamed joints.

1 | INTRODUCTION

Osteoarthritis (OA) is a leading cause of morbidity in

horses with �25% of horses affected in their lifetime.1

Many common treatments are symptomatic rather than

disease modifying1 and chondrocytes have limited
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intrinsic ability to heal, which further potentiates the

difficulty of treating joint disease.2 This has prompted

extensive research to investigate regenerative therapies in

efforts to alleviate symptoms and alter the disease

process.3

Biologic formulations are being utilized increasingly in

human OA patients with encouraging results.4 Conse-

quently, these products have been applied to equids in the

management of joint disease and have yielded similar

positive outcomes. Amniotic membrane and fluid are rich

sources of bioactive factors with reported anti-inflamma-

tory, anti-fibrotic, and healing properties.5,6 Molecules

commonly found in amniotic tissues and fluid include, but

are not limited to, epidermal growth factor, basic fibroblast

growth factor, hepatocyte growth factor, tissue inhibitor

of metalloproteinase-2 (TIMP-2),7 as well as interleukin-1

receptor antagonist (IL-1ra), interleukin-6 (IL-6), interleu-

kin-8 (IL-8), and interleukin-10 (IL-10).8 Equine amnion

and amniotic fluid have many successful treatment appli-

cations in horses including corneal ulcers,9,10 distal limb

wounds,11 and tendon/ligament injuries.12 Amniotic allo-

graft has not been examined as an intra-articular

(IA) treatment in equids but several studies exist that sup-

port the benefits of allogenic amnion in human4,13 and

rat14,15 models of OA.

Horses displaying an acute reactive synovitis (joint

flare), generally characterized by clinical signs of lame-

ness ranging from mild to severe within 24-48 h of an

IA injection with any preparation, is a recognized side

effect by equine practitioners and researchers.16,1716,17

It is noteworthy that the treatment is decellularized;

some studies have reported that acellular preparations

of mesenchymal stem cell (MSC) content are less likely

to induce an adverse immunologic event than cell-

containing counterparts.18,19 In studies evaluating decellu-

larized extracellular matrix scaffolds of various tissues

including cartilage, skin, pericardium, and small intestinal

mucosa from various species, it is reported that the pres-

ence of intact cells elicit a stronger proinflammatory

response.20,21

This study aimed to define the clinical effects and

synovial fluid cytological changes resulting from IA injec-

tion of acellular, equine liquid amnion allograft (ELAA;

RenoV�o®, Equus Innovations, Phoenix, Arizona) into

normal equine joints. Researchers hypothesized that the

injection of 1.5 ml of ELAA IA could be performed safely

into the intercarpal joint (ICJ) of horses without inducing

a subjective or objective change in gait characteristics.

The ELAA injection would cause a transient synovitis

indicated by an increase in total nucleated cell count

(TNCC). The synovial fluid cytokine profile of joints

injected with ELAA would be more anti-inflammatory

than saline injected control joints, indicated by an

increase in IL-1ra concentrations and no change in IL-1α

or IL-1β concentrations.

2 | MATERIALS AND METHODS

Using an increase in subjective lameness score (SLS) as

the primary observation, a dichotomous power calcula-

tion was performed. Using the number of horses display-

ing an increase in SLS of 60% for the treatment group

and 0% for the control group, and an alpha of 0.05 and a

power of 80%, 8 horses would be required for an ade-

quately powered study. The study was approved and per-

formed in accordance with the Oklahoma State

University (OSU) institutional animal care and use com-

mittee (Protocol #IACUC-20-60).

2.1 | Animals

A blinded, placebo-controlled experimental study was

performed on 8 mature horses from the OSU College of

Veterinary Medicine teaching herd (4 mares, 4 geldings;

3-11 years old; 500-630 kg) with the following breeds

represented: Quarter Horse (1), Paint (4), Thoroughbred

(1), and Warmblood (2). No horses had any recent history

of carpal joint injection and they had not received any

medications for at least 2 weeks prior to the study. Prior

to inclusion, each horse was deemed free of systemic

disease and carpal pathology based on physical examina-

tion, hematological analysis, and carpal radiography.

During the study, horses were housed in 3.56 m � 3.56 m

stalls and a comprehensive physical examination, includ-

ing gait evaluation at a walk, was performed daily.

2.2 | Clinical evaluation

One intercarpal joint (ICJ) of each horse was randomly

assigned to the treatment group (www. randomizer.org)

and the opposite ICJ was assigned as control. Subjective

lameness evaluation was performed by a blinded investi-

gator experienced in equine lameness evaluation (MJS).

Horses were trotted in hand on a firm surface in a

straight line and while turning in both directions. Each

forelimb was given a SLS according to the American

Association of Equine Practitioners (AAEP) grading scale

(0-5).22 Each horse was then trotted in hand over a

recessed stationary force plate at a controlled speed of

2.6-3.1 m/s. Six strikes for each forelimb were recorded.

The peak vertical ground reaction force (PVGRF) and

the vertical impulse (VI), calculated by multiplying the

average vertical force by time of stance in seconds, were
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converted to percentage of bodyweight (%BW) and

recorded. The mean PVGRF and VI from the 6 strikes

were used for comparison between days. Comparing

with day 0 observations, a horse was deemed more or

less lame on subsequent days if the mean PVGRF and

VI deviated more than 2.5 times the SD of all PVGRF or

VI observations for all horses on all days. Horses that

displayed a mean PVGRF or VI values within day

0 observations plus or minus this threshold were consid-

ered to have no change in lameness. Those horses that

displayed a mean PVGRF or VI values below day

0 observations minus this threshold were considered to

be more lame.

2.3 | Sample Collection and Analysis

Following lameness assessments, the horses were sedated

with detomidine HCL (0.01-0.02 mg/kg IV) and butor-

phanol tartrate (0.01-0.02 mg/kg IV) and the dorsal

aspect of both carpi were aseptically prepared. With the

limb held in slight flexion, a 20 gauge 1.5 inch needle

was inserted into the dorsolateral aspect of the ICJ and

3 ml of synovial fluid were aspirated. On day 0, 1.5 ml of

ELAA (treatment) or 1.5 ml 0.9% NaCl (control) was

injected immediately after synovial fluid aspiration using

the preplaced needle. Three milliliters of synovial fluid

were also collected from each ICJ on days 20 and 30 post-

injection. Venous blood was collected on days 0, 1, 3, 5,

and 10 postinjection.

Whole blood and synovial fluid (5.0 μl each) were

immediately applied to separate test diluents (Stablelab

EQ-1 Handheld Reader, Zoetis, Florham Park, New

Jersey) to determine systemic and ICJ synovial fluid serum

amyloid A (SAA) concentrations. One milliliter of synovial

fluid was transferred to a glass etheylenediaminetetraace-

tic acid (EDTA) tube for total nucleated cell count (TNCC)

and differential cell count (ProCyte Dx hematology ana-

lyzer, Idexx, Westbrook, Maine). One milliliter of synovial

fluid was transferred to a cryovial and frozen at �80 �C

until processed for total protein (TP) concentration and

cytokine profiling. Synovial fluid samples were centrifuged

at the lab prior to analysis. Synovial fluid cytokine profil-

ing was performed using an equine specific quantitative

multiplex enzyme-linked immunosorbent assay (ELISA)

array and individual protein ELISAs (RayBiotech, Peach-

tree Corners, Georgia). The array (QAE-CYT-1-1) detected

10 cytokines (range of quantitation in pg/ml): interferon

gamma (IFNγ; 66.9-4000), IL-10 (14-148.1), interleukin-15

(IL-15; 202.6-20 000), interleukin-1 alpha (IL-1α; 3.2-1000),

IL-1ra (532.7-20 000), interleukin-2 (IL-2; 3.5-740.7),

interleukin-4 (IL-4; 9.9-148.1), IL-8 (3.1-200), monocyte

chemoattractant protein-1 (MCP-1; 3.8-200), and vascular

endothelial growth factor (VEGF; 11-1000.) Individual pro-

tein ELISAs for tissue inhibitors of metalloproteinase-2

(TIMP-2; ELE-TIMP2-2) and interleukin-1 beta (IL-1β;

ELE-IL1b-1) were also arrayed. Synovial fluid TP was mea-

sured by bicinchoninic acid protein assay (TP-BCA;

RayBiotech).

Numerical concentrations for each cytokine included

in the multiplex ELISA were provided by the laboratory

performing the analysis, even if the concentration fell

outside the range of quantitation of the assay. For report-

ing and statistical analysis, any concentration that was

below the lower limit of quantitation (LLQ) for an assay

was assigned a value of half of the LLQ. Any concentra-

tion provided that was above the upper limit of quantita-

tion (ULQ) for that assay was assigned a value equal to

the ULQ. The cytokines evaluated by individual protein

ELISA (TIMP-2, IL-1β) had no LLQ or ULQ so absolute

values were used.

2.4 | Statistical analysis

Commercial software (SAS 9.4, SAS, Inc., Cary, North

Carolina) was used for all data analysis. Subjective

lameness scores were converted to a single variable

reflecting whether treated limb was more, less, or

equally lame as the control limb on each day of assess-

ment. These values were then ranked within horse by

day and assessed using a Friedman's ANOVA approach.

A similar approach was used to assess SAA concentra-

tions in synovial fluid, as 87 of the samples had a value

of 0 and the remaining concentration values were not

normally distributed. Systemic SAA was examined for

differences over time using a Friedman's ANOVA. For

other parameters, linear mixed modeling was performed

for each outcome of interest, with fixed effects including

day, treatment, and treatment � day interaction.

Repeated measures of each outcome were noted as

occurring across days within the same joint of the sub-

ject. Main effects were examined only if no interaction

was detected (at P < .05). If interaction was present, the

SLICE/ SLICEBY day option was used to compare treat-

ments within a day. Because of the repeated measures,

the antedependence covariance structure was used.

Residuals were assessed for normality using both visual

appraisal and Q-Q plots. When normality of residuals

was not confirmed, the outcome was log-base 10 trans-

formed and the corresponding output was analyzed as

described above. Statistical analysis was not performed

on PVGRF and VI data as no measurements were below

the predetermined threshold indicating an increase in

lameness. A P-value of <.05 was considered statistically

significant throughout.
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3 | RESULTS

The only complication encountered during the data or

sample collection phases of the study were 4 synovial

fluid samples with slight blood contamination.

Mean systemic SAA concentrations measured on each

day were not different from each other (P = .62) with

only 1 horse having a concentration above normal

(50 μg/ml) on day 1 (270 μg/ml) and day 3 (73 μg/ml).

3.1 | Clinical response

No difference in mean SLS (P = .75) was observed on any

given day within and between treated and control limbs

(Table S1 in the supplementary material). Compared

with baseline scores, the mean SLS for the control limb

increased at days 1, 3, and 5 (1.3, 1.6, 1.4, respectively)

before returning to baseline (1.1) on day 10, while the

mean SLS for the treatment limb decreased on day 1 (0.6)

and returned to baseline (0.9) on days 3, 5, and 10.

The calculated thresholds for PVGRF and VI were 5.6

%BW and 1.5 %BW, respectively. Compared to day 0 mea-

surements, neither the mean PVGRF nor mean VI

decreased by more than their respective threshold on any

observation day (Table S2 in the supplementary mate-

rial). An increase in PVGRF above the threshold was

seen in the treatment limb of 1 horse at day 5 (6.8%) and

2 horses at day 10 (5.6% and 8.9%) and in the control limb

of 2 horses at day 10 (6.8% and 6.6%). An increase in VI

above the threshold was seen in the treatment limb of

2 horses at days 1 (1.3% in both), 3 (2%, 1.4%) and

10 (2.2% in both) and in the control limb of 1 horse at

days 3 (1.6%), and 5 (2.5%) and 2 horses at day

10 (1.9%, 1.6%).

3.2 | Synovial fluid parameters

Assessment of residuals found them normally distributed

for TNCC, % granulocytes, SAA, IL-1α, IL-1β, IL-2, IL-8,

IL-10, MCP-1, VEGF, and TIMP-2. Residuals for TP,

IFNγ, IL1-ra, IL-4, and IL-15 were not normally distrib-

uted; therefore log-10 transformation was performed

before analysis for these variables. Assessment of these

residuals following transformation confirmed normal

distribution.

The mean TNCC of the synovial fluid from the trea-

ted joints was higher only on day 1 (P = .0007) and

3 (P < .0001) in comparison with that from the control

joints on the same day (Figure 1). For granulocytes per-

centage, no interaction was present (P = .4), and there

was no difference between treatments (P = .05), but there

were differences across time.

The percentage of granulocytes in the synovial fluid

was higher in control joints than treated joints across all

days except day 0 and were higher on day 1 for both trea-

ted and control joints than on all other days (Figure 2).

The mean synovial fluid TP was higher from the trea-

ted joints compared to that of the control joints for all

days including day 0 (P = .02) and was higher in both

treated and control joints on day 1 than all other days

FIGURE 1 Mean ± SD. Total nucleated cell count (cells/μl) of

the intercarpal joints (ICJ) of 8 horses before (day 0) and 1, 3, 5, 10,

20 and 30 days after receiving 1.5 ml of a liquid amnion allograft

injected into a randomly selected ICJ (T) and 1.5 ml of 0.9% NaCl

injected into the contralateral ICJ (C)

FIGURE 2 Mean ± SD granulocyte proportion (%) of the

intercarpal joints (ICJ) of 8 horses before (day 0) and 1, 3, 5, 10,

20 and 30 days after receiving 1.5 ml of a liquid amnion allograft

injected into a randomly selected ICJ (T) and 1.5 ml of 0.9% NaCl

injected into the contralateral ICJ (C)
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(day 0: P = .002; day 3: P = .001; day 5: P = .01; day 10:

P = .04; and day 20: P = .03) except for day 30 (P = .18).

(Figure 3) The relative concentration of SAA in synovial

fluid did not vary by day (P = .210) and mean values ran-

ged from 0-9 μg/ml. (Table S3 in the supplementary

material).

For IL-1α, IL-1β, IL-2, IL-10, MCP-1, and VEGF, nei-

ther treatment � day interaction nor the main effects

reached P <.05. Similarly, neither the interaction nor

main effects reached P <.05 for the log10 transformed

values for IFNγ, IL-4, or IL-15. Treatment � day inter-

action for IL-1ra reached P = .01 and IL-8 was P = .02,

necessitating examination of treatment differences

within each day. Mean IL-1ra was higher in the syno-

vial fluid of treated joints on days 1 (3542.7 pg/ml) and

3 (2253.9 pg/ml) than that of the control joints (Day 1:

1902.8 pg/ml, Day 3: 1293.4 pg/ml) (P = .01)

(Figure 4). Interleukin-8 was higher in the synovial

fluid of control joints on day 20 (5.9 pg/ml) than that of

treated joints (4.2 pg/ml) (P = .003). For TIMP-2, nei-

ther the interaction nor main effect of treatment

reached P <.05, but values differed by day for both

treatment and control (P = .01). Measured values of all

cytokines are available in Table S4 in the supplemen-

tary documentation.

4 | DISCUSSION

The results of the current study support the hypothesis

that injection of 1.5 ml ELAA into the ICJ of healthy

horses does not result in a difference in lameness when

compared with saline injected joints in the same horse.

Neither SLS nor force-plate analysis indicated an increase

in lameness in any study horse on any observation day

postinjection. Studies investigating various joint injection

formulations have had variable results ranging from no

change to substantial lameness.16,17,23–27 Due to the vari-

ation in reported incidence of lameness after IA injection,

it should be recognized that, although none of the 8 study

horses displayed an increase in lameness following ELAA

injection, this may be a possible side effect. A larger pop-

ulation of horses should be evaluated before conclusions

are reached.

Consistent with our second hypothesis, synovial fluid

cytology did reflect synovitis as indicated by a transient,

self-limiting increase in mean TNCC the synovial fluid of

the ICJ 24 h after injection with ELAA. In both groups,

all cytological abnormalities returned to the normal

ranges28 by day 5. It should be noted that the mean syno-

vial fluid TNCC was higher in the ELAA-treated joints

than the control joints in the acute period (day 1;

P = .0007 & day 3; P < .0001) indicating a stronger cellu-

lar immune response in the treated joints.

Mean synovial fluid TP was highest on day 1 after

injection with both ELAA and saline. Normal synovial

fluid TP is reported to range from 0.9-3.1 g/dl.28 Thus on

day 1, the mean TP of the ELAA treated joints (3.4 g/dl)

was above normal, whereas the TP of saline control

(2.3 g/dl) was not. Both had returned to the normal range

on day 3 and remained normal for the remainder of the

study.

FIGURE 3 Mean ± SD synovial fluid total protein (g/dl) of the

intercarpal joints (ICJ) of 8 horses before (day 0) and 1, 3, 5, 10,

20 and 30 days after receiving 1.5 ml of a liquid amnion allograft

injected into a randomly selected ICJ (T) and 1.5 ml of 0.9% NaCl

injected into the contralateral ICJ (C)

FIGURE 4 Mean ± SD (pg/ml) synovial fluid interleukin-1

receptor antagonist (IL-1ra) of the intracarpal joints (ICJ) of

8 horses before (day 0) and 1, 3, 5, 10, 20 and 30 days after receiving

1.5 ml of a liquid amnion allograft injected in to 1 randomly

selected ICJ (T) and 1.5 ml of 0.9% NaCl injected into the

contralateral ICJ (C)
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Our final hypothesis was supported by the cytokine

profiles observed in joints treated with ELAA. No

changes in synovial fluid concentration of proinflamma-

tory cytokines IL-1α, IL-1β, IL-2, and IL-15 were observed

between the treatment and control joints at any time

point suggesting that cytokine-mediated inflammatory

response was below the range of detection. As expected,

the synovial fluid concentration of IL-1ra was found to be

higher in the ELAA treated joints at day 1 and day 3 com-

pared to that in the control joints. The manufacturer

reports that the concentration of IL-1ra in the ELAA

product to be 9460 ± 1960 pg/ml. A similar finding has

been reported in the synovial fluid of joints injected with

autologous conditioned serum in which IL-1ra peaked

shortly after IA injection and returned to baseline within

48 h.29 The resulting increase in the concentration of

synovial fluid IL-1ra in the treated joints indicates that

ELAA could be beneficial in the treatment of equine OA;

however, studies using horses with clinical OA are

needed to substantiate this claim.

The current study had several limitations including a

small sample size, no variation in aliquot volume, and

administration of only a single injection of ELAA.

Although the dichotomous power calculation performed

indicated adequate power using 8 joints per group, using

joints from the same horse for both treatment and control

is perhaps a design weakness due to the influence of

lameness in 1 limb on the movement and force applied

by the contralateral limb. An adequately powered study

to detect a 10% incidence in increased SLS in the treat-

ment group would require separate treatment and control

groups, each containing approximately 75 horses. Thus, a

large clinical trial evaluating the effect of ELAA in osteo-

arthritic joints may be indicated. Establishing the rate

and severity of reactions to varying aliquot volumes of

ELAA would also be useful in further elucidating safety

and determining optimal volume. A heightened immune

response after repeat IA injections with ELAA is possible

and should also be evaluated to determine the safety

of consecutive exposures. Finally, blood contamination

of synovial fluid occurred in 4 samples over the course of

the study, which has been reported to influence granulo-

cyte proportion if a large volume of blood is present.30

In conclusion, IA injection of 1.5 ml of ELAA into the

ICJ produced no increase in lameness but did result in a

subclinical inflammatory response within the joint in the

horses studied. This response peaked at days 1 and 3 and

resolved by day 5 after injection. No clinical signs of reac-

tive synovitis including increased lameness, joint effu-

sion, or generalized discomfort exhibited by changes in

demeanor or physical exam parameters were detected

in the study population. Further studies should be

conducted to determine the safety and efficacy of ELAA

when used in different joints, diseased joints, at different

volumes, and following repeated injections. No optimal

dose or volume for the various equine joints or joint

diseases has yet been defined but these data suggests that

ELAA can be introduced safely into a healthy joint.
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