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ABSTRACT

Introduction
Placental tissue allografts are widely utilized in the management of 
chronic wounds, including diabetic foot ulcers. In addition to serving as 
wound coverings, these products may influence wound repair through 
extracellular matrix architecture and biologically active signaling 
molecules native to human amniotic tissue. Manufacturing and 
processing methodologies vary considerably across commercially 
available products and may substantially impact biologic activity, tissue 
remodeling, and wound-healing trajectories. In this study, a rodent 
wound-healing model was utilized to compare a proprietary processed 
placental tissue allograft with a conventionally processed placental 
tissue comparator.

Methods
Two arms of a five-arm pilot rodent wound-healing study were evaluated 
to compare a proprietary processed human amniotic tissue 
allograft*(Group B) against a conventionally processed comparator 
(Group A); the remaining arms evaluated test articles under 
development and will be reported separately. Male rats (n=8 per arm), 
matched for weight, age, and diet, each received two full-thickness 
dorsal excisional wounds approximately 10 mm in diameter and 2 mm 
deep. Test articles were reapplied upon resorption over a 14-day period. 
At Day 14, sections were scored semi-quantitatively (0–4 Severity Injury 
Score) across histologic and immunohistochemical parameters spanning 
epidermal repair, inflammation, angiogenesis, proliferation, and 
remodeling. A Day 14 Histology Resolution Score was derived as a 
signed composite of pro- and anti-regenerative markers and evaluated 
alongside percent wound closure. Inferential statistics (Welch ANOVA 
with Games–Howell post hoc) were derived from the full five-arm cohort 
(n=40).

Results
Animals treated with the proprietary processed allograft showed more 
advanced progression toward wound resolution than those receiving the 
conventionally processed comparator, across both surface and tissue-
level endpoints. Mean animal-level wound closure at Day 14 was 95.2% 
with the proprietary processed allograft versus 89.9% with the 
conventional comparator. The integrated Day 14 Histology Resolution 
Score was 8.94 versus 5.13, corresponding to a shift from the poor-
resolution range into the partial-resolution range on the pre-defined 
interpretive scale. Welch ANOVA across the full five-arm cohort detected 
a significant overall effect of treatment on this composite (p = 0.010). 
The pairwise contrast between these two arms did not reach significance 
under Games-Howell correction across ten comparisons (p = 0.337); at 
n=8 per arm the study was not powered to resolve individual pairwise 
differences, and the observed standardized difference was large 
(Hedges' g = 0.93). Injury endpoints were consistently lower with the 
proprietary processed allograft: 69% lower acute inflammation, 60% 
lower dermal necrosis, approximately 57% lower epithelial erosion, 46% 
lower ulceration, and 42% less hemorrhage — while maintaining robust 
granulation tissue formation, angiogenesis, collagen remodeling, cellular 
proliferation, and macrophage recruitment.

Discussion
These findings suggest that processing methodologies can materially 
influence the biologic performance of placental tissue allografts. The 
proprietary processed allograft was associated with lower residual tissue 
injury and greater regenerative and reparative activity relative to a 
conventionally processed comparator. These observations support the 
concept that placental tissue allografts should not necessarily be viewed 
as biologically equivalent and may have important implications for 
clinical outcomes and product selection in wound care.

MATERIALS & METHODS

Study design and animal model
Rodent studies were conducted at Bio-Legacy Research (San Diego) 
using n=8 male Sprague-Dawley rats per arm, matched for age, weight, 
diet, and wound size, across five test-article groups from a larger pre-
specified study. This report focuses on the two arms addressing 
processing methodology: (A) conventionally processed and (B) 
proprietary processed (XWRAP) human amniotic tissue allografts; the 
remaining three arms are reported separately.

Wound model
Each rodent received two full-thickness excisional dorsal skin wounds 
(~10 mm diameter, 2 mm deep; cranial and caudal sites), covered with 
the assigned allograft and secured with gauze/bandaging. Test articles 
were reapplied upon resorption to mimic clinical use. Wounds were 
monitored every 48 hours over a 14-day study period, after which 
animals were euthanized and necropsied.

Tissue processing and histological scoring
Excised wound tissue was fixed in 10% neutral buffered formalin, 
paraffin-embedded, sectioned (4–5 µm), and stained with H&E, 
Masson’s trichrome, and Picro-Sirius Red, plus immunohistochemistry 
for CD31, Ki-67, CD45, CD68, and CD163. A single unblinded observer 
semi-quantitatively scored each histologic parameter (0–4 Severity Injury 
Score [SIS]; Table 1) and graded IHC staining intensity (0 to 4+).

Wound closure and integrated histology scoring
Wound area was normalized to Day 0 for each wound, and percent 
closure was calculated as 100 × (1 − normalized area). Cranial and 
caudal values were averaged per animal (MeanSites) after confirming no 
consistent site-level bias, preserving the animal as the experimental unit. 
To integrate surface and tissue-level outcomes, Day 14 histology and 
closure data were merged by animal. Histology markers were classified 
as pro-regenerative, anti-regenerative, or mixed/context-dependent 
(Table 2) and combined into a composite Day 14 Histology Resolution 
Score: the sum of pro-regenerative SIS markers minus anti-regenerative 
SIS markers, with granulation tissue contributing as 4 − |granulation SIS 
− 1| (reflecting that both absent and persistently high granulation indicate 
incomplete resolution). The M1/M2 macrophage ratio (CD68/CD163) 
was retained as a mixed-category descriptor rather than included in the 
composite score. Resulting scores were interpreted using pre-defined 
bands ranging from injury-dominant (<0) to advanced remodeling (≥14) 
(Table 3).

Statistical analysis
Analyses were performed in Python (pandas, NumPy, SciPy, pingouin). 
Given small, unequal-variance groups, the overall treatment effect on 
Day 14 Histology Resolution Score was tested by Welch’s ANOVA 
across all five arms (N=40), followed by Games-Howell post hoc 
pairwise contrasts; the omnibus effect was significant (F(4,17.2)=4.67, 
p=0.010, ηᵖ²=0.29). Only the Group A vs. B contrast is reported here; all 
inferential statistics derive from the full five-arm cohort and are not 
recalculable from the two arms shown. The relationship between percent 
closure and Histology Resolution Score was assessed by Pearson 
correlation across the full cohort (n=40). Individual histology markers 
were compared between Groups A and B descriptively (mean ± SD, 
percent difference) without inferential testing; group-level z-scores 
(SciPy) express each arm’s position relative to the five-arm mean.

RESULTS — REPRESENTATIVE HISTOLOGY

Figure 1: Representative histological and immunohistochemical evaluation of 
wound healing in Group A (standard processing).

(A) Low-power H&E section showing near-complete epithelial (Epi.) coverage over the 
defect with overlying scab formation (*) and underlying moderate granulation tissue (GT) 
in the upper dermis.
(B) Low-power magnification (H&E and Masson’s trichrome) highlighting the wound and 
defect margins (dashed lines). Note: Scale bar applies only to this panel as indicated.
(C) Masson’s trichrome section demonstrates remnant granulation tissue (GT) and mild-
to-moderate collagen deposition (blue), with slightly less density than that observed in 
Group B.
(D) Ki-67 immunohistochemistry (IHC) showing focal cell proliferation via dark-brown 
nuclear staining (arrows) at the dermo-epidermal junction.
(E) Picro-Sirius Red (PSR) staining under polarized light, distinguishing mature Type I 
(T1) collagen (orange-red) from immature/thinner Type III (T3) fibers (greenish-yellow).
(F) CD31 IHC highlighting endothelial cell membranes and cytoplasm (red arrows), 
evidence of moderate to marked, micro-vessel (angiogenesis) density.
(G–I) Inflammatory cell infiltration is characterized by brown staining  (membranous and 
cytoplasmic) expression: (G) CD45 (total white blood cells) exhibiting intensely strong 
expression, indicating a high presence of leukocytic infiltrate. (H) CD68 (M1/M2 
macrophages), and (I) CD163 (M2 macrophages) both markers show moderate-strong 
expression, indicative of M2-dominated remodeling.

Figure 2: Representative histological and immunohistochemical evaluation of 
wound healing in Group B (proprietary processing).

A) Low-power (4X) H&E section showing complete epithelial (Epi.) coverage of the 
defect with scant overlying scab formation (*), an overall wound-surface closure/re-
epithelialization score of 3.75 ± 0.45 versus 3.44 ± 0.63 in Group A, and mild to moderate 
granulation tissue (GT) in the dermis. (B) Low-power H&E and Masson’s trichrome 
images highlighting the wound and defect margins (dashed lines). Note: The scale bar 
applies only to this panel, as indicated. (C) Masson’s trichrome section demonstrating 
greater collagen deposition density (blue) than observed in Group A. (D) Ki-67 
immunohistochemistry (IHC) showing focal cell proliferation, indicated by dark-brown 
nuclear staining (arrows), at the dermo-epidermal junction, with a slightly higher 
favorable mean ± SD score in Group B vs. Group A (1.69 ± 0.60 vs. 1.50 ± 0.63).
(E) Picro-Sirius Red (PSR) staining under polarized light distinguishing mature Type I 
(T1) collagen (orange-red) from immature Type III (T3) fibers (greenish-yellow), with 
collagen alterations slightly higher in Group A vs. Group B (2.69 ± 0.48 vs. 2.62 ± 0.50).
(F) CD31 IHC highlighting endothelial cell membranes and cytoplasm (red arrows), 
consistent with moderate to marked micro-vessel (angiogenesis) density.
(G–I) Inflammatory cell infiltration showing mild to moderately strong brown membranous 
and cytoplasmic expression:
(G) Total leukocytic infiltration, quantified via CD45 expression, remained similarly robust 
between Group A (3.56 ± 0.51) and Group B (3.63 ± 0.50) at Day 14, indicating a 
sustained, active immune cell presence in both treatment cohorts. However, the 
downstream functional outcomes diverged drastically; the persistent inflammatory burden 
in Group A correlated with localized tissue degradation, whereas Group B efficiently 
channeled this leukocyte pool toward tissue repair mechanisms.
(H) CD68 (M1/M2 macrophages): The overall dermal macrophage population using 
CD68 pan-marker staining showed identical absolute recruitment levels in both groups 
(3.19 ± 0.83). While the physical abundance of macrophages at the injury site did not 
differ, Group B utilized this cellular framework to resolve active, destructive inflammation
—significantly reducing acute surface inflammation scores by 69.3% and dermal 
necrosis by 60.0% relative to Group A.
(I) CD163+ expression demonstrated robust M2 macrophage activation across both 
cohorts, with Group A (3.38 ± 0.62) and Group B (3.13 ± 0.62) maintaining high 
concentrations relative to the total pan-macrophage pool (CD68: (3.19). Importantly, 
while Group A exhibited a slightly higher raw density of CD163+ cells, this immune profile 
was counter-productive, coexisting with unresolved tissue degradation, elevated necrosis 
(1.25 ± 1.13) vs. Group B (0.50 ± 0.73) and extensive ulceration (1.63 ± 1.54) vs. Group 
B (0.88 ± 1.26).   In contrast, Group B leveraged a more efficient, tightly regulated M2 
response to quiet the local micro-environment, driving a 69% reduction in acute 
inflammation and a 60% reduction in necrosis, which ultimately facilitated definitive 
epidermal barrier restoration.

INTEGRATED RESOLUTION SCORE

Figure 3: Day 14 Histology Resolution Score by animal, Groups A, B. Each point 
represents one animal. The x-axis shows the day 14 Histology Resolution Score, with 
shaded regions indicating injury-dominant, poor resolution, partial resolution, active 
resolution, and advanced remodeling ranges. Vertical colored bars indicate treatment-
level mean resolution score. Bubble size represents Day 14 wound closure, with larger 
bubbles indicating lower closure values and smaller bubbles indicating higher closure 
values. 

GROUP A VS. GROUP B — DAY 14 OUTCOME COMPARISON

Group B (proprietary processing) outperforms Group A (standard processing) across all 
four metrics — higher histology resolution score, higher % closure, and both z-scores 
shift from negative (below cohort average) to positive (above average).

Group Treatment
D14 Histology 

Resolution 
Score

% Closure Histology Z Closure Z

A Standard processing 5.125 89.935 -1.469 -1.520

B Proprietary processing 8.938 95.174 0.172 0.395

GROUP A VS. GROUP B — DAY 14 HISTOLOGY COMPARISON

Rodent wound-healing study: histology marker outcomes at Day 14

Parameter Group A
(Mean ± SD)

Group B
(Mean ± SD) Notes

Epidermal Findings

Re-epithelialization 3.44 ± 0.63 3.75 ± 0.45 Strong in both; Group B shows excellent resurfacing.

Epidermal 
thickening 
(Acanthosis)

3.00 ± 0.63 3.50 ± 1.03

Group A: most pronounced hyperplasia, reflecting 
heightened epithelial turnover. Group B: high 
epidermal activity; larger SD suggests uneven 
epithelial maturity across animals.

Erosion 0.88 ± 0.50 0.38 ± 0.62 Minimal to mild average severity in both groups.

Ulceration 1.63 ± 1.54 0.88 ± 1.26

Group A: variable severity (minimal–moderate) by 
animal and wound location; average minimal–mild. 
Group B: scattered superficial defects, minimal 
papillary dermis involvement.

Dermal Findings

Edema 1.00 ± 1.03 1.06 ± 1.12 Minimal in both; Group A associated with mild acute 
inflammation.

Necrosis 1.25 ± 1.13 0.50 ± 0.73
Group A: minimal, likely linked to mild acute 
inflammation. Group B: variable (0–3 range) but 
overall minimal (1+).

Granulation tissue 2.94 ± 0.25 2.94 ± 0.25 Identical; moderately high in Group A, consistent 
with active normal wound progression.

Collagen alterations 2.69 ± 0.48 2.63 ± 0.50 Mild–moderate in both; active remodeling with 
appreciable type I collagen.

CD31 4.00 ± 0.00 3.94 ± 0.25
Group A: abundant angiogenesis, uniformly high. 
Group B: vigorous angiogenesis, possibly driven by 
persistent tissue stress.

Ki-67 1.50 ± 0.63 1.69 ± 0.60 Comparable between groups; consistent with 
ongoing epithelial proliferation.

Hemorrhage 0.53 ± 0.63 0.31 ± 0.48
Minimal in both; upper dermis, attributed to fragile 
capillaries in developing granulation tissue, 
ulceration, and/or dressing changes.

Inflammation

Acute inflammation 1.63 ± 1.15 0.50 ± 0.73
Group A: mild, confined to papillary dermis. Group B: 
minimal, confined to wound surface (scab 
formation).

Foreign-body giant 
cell response

Slightly 
elevated 

(qualitative)

Slightly 
elevated 

(qualitative)

Both attributed to incidental rat hair introduction 
during surgery or dressing/test article reapplication.

Immunohistochemical Markers

CD45 3.56 ± 0.51 3.63 ± 0.50 Strong leukocytic infiltrate in both.

CD68 3.19 ± 0.83 3.19 ± 0.83 Identical.

CD163 3.38 ± 0.62 3.13 ± 0.62
Group A: M2-dominated remodeling. Group B: 
moderate expression, comparable to most groups, 
indicating active matrix remodeling.

CONCLUSIONS

▸ Proprietary (XWRAP) processing produced a more favorable Day 14 wound-
healing trajectory than conventional processing — both surface closure (95.2% vs. 
89.9%) and tissue-level Histology Resolution Score (8.94 vs. 5.13) favored the 
proprietary allograft.

▸ Regenerative activity was equivalent or better with proprietary processing: 
granulation tissue, collagen remodeling, angiogenesis (CD31), and proliferation 
(Ki-67) were matched or modestly improved between groups.

▸ Residual tissue injury was substantially lower with proprietary processing: 69% less 
acute inflammation, 60% less dermal necrosis, 46% less ulceration, and 42% less 
hemorrhage.

▸ Both allografts elicited a robust, comparable immune response (CD45, CD68); 
proprietary processing appeared to channel this response toward resolution rather 
than ongoing tissue damage.

▸ Welch ANOVA detected a significant overall treatment effect across the full 5-arm 
cohort (p=0.010); the 2-arm pairwise contrast (Hedges' g=0.93) did not reach 
significance at n=8/arm — a pilot-scale power limitation, not a null result.

▸ Findings support that placental tissue allografts are not necessarily biologically 
equivalent — manufacturing/processing methodology may be an important, 
underappreciated determinant of regenerative performance.

▸ Larger, prospectively powered studies (~19–25 animals/arm) with blinded histology 
scoring are planned to confirm these pilot findings and clarify clinical implications 
for product selection in wound care.
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