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Abstract | Spinal cord injuries are a common cause of permanent neurological deficits, often resulting in severe disa-
bilities such as complete paralysis. Current therapies for spinal cord injury frequently show limited success. This study
aims to clinically evaluate the effects of human placenta (HP) and adipose-derived mesenchymal stem cells (ADMSCs)
on restoring spinal cord injuries in cats. Twenty-four adult healthy cats were randomly assigned to three equal groups
(n = 8 each). Under aseptic conditions, the cats were anesthetized and underwent dorsal laminectomy with left lateral
hemisection at the second lumbar vertebra. The control group received no treatment, the placenta powder group was
treated with 0.01 mg of HP powder, and the stem cell group received 50 pl (5 x 106 cells) of ADMSCs implanted into
the hemisection cavity immediately post-surgery. Motor and sensory functions, including gait, proprioceptive posture,
and nociceptive responses, were assessed weekly using the open field locomotor scale from the first week until the 16th
week post-operation. Throughout the study, the analysis revealed no significant differences (p < 0.05) in motor and sen-
sory outcomes between the placenta powder and stem cell groups. However, at the 16th week post-surgery, a noteworthy
distinction (p < 0.05) in motor and sensory reflexes was observed between the treatment and control groups. These find-
ings suggest that HP powder may have regenerative potential for spinal cord injuries, while AD-MSC transplantation
demonstrates greater effectiveness. The results advocate for further exploration of HP powder and AD-MSC:s in spinal
cord regeneration following hemisection injuries, with implications for clinical application and future research.

Keywords | Spinal cord, Stem cells, Biomaterials, Adipose tissue, cats

Received | October 01, 2024; Accepted | November 22, 2024; Published | February 22, 2025

*Correspondence | Jassim M. Khalaf Albozachri, Department of Veterinary Surgery and Obstetrics, College of Veterinary Medicine, University of Kerbala, Karbala,
Iraq; Email: jasim.khalaf@uokerbala.edu.iq

Citation | Albozachri JMK, AL-Timmemi HA (2025). Use of adipose-derived mesenchymal stem cells and biomaterials in treatment of spinal cord injuries in cats
model. Adv. Anim. Vet. Sci. 13(3): 712-719.

DOI | https://dx.doi.org/10.17582/journal.aavs/2025/13.3.712.719

ISSN (Online) | 2307-8316; ISSN (Print) | 2309-3331

Copyright: 2025 by the authors. Licensee ResearchersLinks Ltd, England, UK.
This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.
org/licenses/by/4.0/).

INTRODUCTION

Asevere disorder, spinal cord injuries cause an abrupt loss
of motor, sensory, and/or autonomic function far from
the site of the lesion. (Vaquero ez a/., 2017; AL-Ameri and
AL-Timmemi, 2018; Markides ez a/., 2018). Developing
treatments for spinal cord injury is intrinsically difficult due
to its complex pathobiology, which includes glial scarring,

apoptosis of neural cells continuously, demyelination, the
formation of cavities or cysts, inflammatory agent invasion,
and the loss of complex neural circuitry (Liu ez a/., 2013;
Helal and Hussein, 2022). The majority of spinal cord injury
therapies now in use fall into one of two categories: neuro-
protective or neurodegenerative. While neuroregenerative
treatments rely on restoring lost or compromised capability
by fixing the spinal cord’s damaged neuronal circuitry, neu-
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roprotective therapies aim to hinder or stop the secondary
injury from getting worse (Garcia ¢z al., 2016). Tissue en-
gineering uses biomaterials to help rebuild damaged tissues
(Kabu ez al., 2015). Acellular placenta has the potential to
be a biomaterial that is employed as a scaffold for the repair
of different organs and tissues, as well as a substrate for the
transfer of autologous and allogeneic cells (Roy ez a/., 2016;
Francisco ez al., 2013; Al-Timmemi ez al., 2017). Acellular
amniotic membrane may be a potential biomaterial and can
be used as a scaffold for various organs and tissue repair or
as a substrate to facilitate autologous/allogeneic cell trans-
fer (Roy ez al., 2016). Mesenchymal stem cells produced
from fat have a vast range of sources, a significant capacity
for multipotent differentiation, and a variety of application
methods. Superior anti-inflammatory, immune-regulating,
and angiogenic properties compared to other treatments
and other stem cells (Sabol ez a/., 2021; Essa e al., 2020).
photobiomodulation therapy after SCI can decrease the
inflammation reactions in the spinal cord by regulating
the migration of immune cells in the spinal cord and it
can prevent the destruction of axonal myelin. Also, it can
cause a decrease in the size of the central cavity and en-
hance motor function (Gupta ez a/., 2015). The application
of human placenta powder will result in greater function-
al recovery in spinal cord injury models due to its unique
composition that promotes neuroprotection and regenera-
tion. The study’s objective is to clinically assess how human
placenta and mesenchymal stem cells produced from adi-
pose tissue affect the repair of spinal cord injuries in cats.

MATERIALS AND METHODS

ETHICAL APPROVAL

'The Research Ethics Committee at the University of Bagh-
dad’s College of Veterinary Medicine endorsed the experi-
mental design and techniques used in this work, with eth-
ics number 603 P.G. dated March 18, 2024, in compliance
with ethical norms about animal welfare. The post-oper-
ative care uses tramadol injection to control the pain at a

dose of 4 mg/kg 3 times a day (Malek ez a/., 2012).

EXPERIMENTAL ANIMALS

Twenty-four male healthy cats aged 8-24 months and
weighing 2-5.5 kg were enrolled. The cats had commercial
food and water for meals and were housed in individual
cages. Before the surgical procedure, the animals were al-
lowed to acclimate for a total of fifteen days in their cages.
Ceftriaxone (22 mg/kg), a broad-spectrum antibiotic, was
injected intramuscularly (IM) twice daily for five days. On
the first day and day 14 of acclimatization, an antihelmint-
ic injection of 0.2 mg/kg ivermectin (Ivomec, Holland)
and 0.4 ml/kg SC was administered. Three equal groups
of eight cats each were randomly assigned to have a left
lateral hemisection of the spinal cord at the second lum-

bar vertebra of the spinal cord and a dorsal laminectomy
The procedure of surgical dorsal laminectomy which was
depended in the present study was described previously by
Fossum (2013). The back of the animal extending from the
last thoracic vertebra to the last lumbar vertebra of the an-
esthetized cat was prepared surgically with chlorhexidine
gluconate, Isopropyl alcohol 70% and disinfected with 1.8
% tincture iodine. The cats were positioned in sternal re-
cumbency. A surgical incision was made over the dorsal
midline to include L1-L3 vertebrae, using a periosteal ele-
vator to subperiosteally elevate epaxial muscles from dorsal
spinous processes, laminae, articular facets, and pedicles of
L2 vertebra and with aid of Gelpi retractors to facilitate
gentle retraction of epaxial musculature during dissection.
In the control group (group A) (n=8), the hemisection de-
fect was left without treatment, powder group (group B)
(n=8), was treated by implantation of 0.01mg human pla-
centa powder (AL-Ameri and AL-Timmemi, 2018) im-
pacted between proximal and the distal stumps of the hem-
isection site of the spinal cord and stem cells group (group
C) (n=8), was treated by injection (5x106) (ADMSC:s) into
the hemisection site of the spinal cord. Weekly assessments
of motor and sensory reflexes were part of the clinical fol-
low-up, which ran from the first week of the study to the
16th week following the procedure.

FABRICATION OF HUMAN PLACENTA POWDER

Following the signing of informed permission forms, hu-
man placentas (HP) were removed from healthy pregnant
women during cesarean births. Al-Yarmouk Teaching
Hospital in Baghdad, Iraq, provided the (HP) samples.
Human placenta powder was prepared according to (Fan

et al.,2023).

IsoLaTiON AND CULTIVATION OF AD-MSCs

The cat was administered general anesthesia including
xylazine (2%) 1 mg/kg b.w. (Aleppo-Syria) and ketamine
(10%) 10 mg/kg b.w. (AlasanTM, Holland) via intramus-
cular injection (Allen ez al., 1986). The inguinal region’s
skin underwent aseptic surgical preparation, which was fol-
lowed by a clean skin incision. Three grams of subcutane-
ous fat were taken out. The isolation and cultivation of stem

cells according to (Dhurgham and Al-Timmemi, 2023).

CLINICAL SIGNS EVALUATION

Every week from the first week of the study to the 16™
week after surgery, the injured spinal cord’s clinical indi-
cations of motor reflex were evaluated. However, from the
second to the 16™ week following surgery, sensory reactivi-
ty was assessed once a week.

EVALUATION OF THE MOTOR FUNCTIONS
After undergoing surgery, every animal was spared and used

for analysis. The modified Tarlov Scale (Tarlov ez a/., 1953)
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and Texas Spinal Cord Injury Scale (TSCIS) (Levine ez .,
2009). A behavioral assessment system was used to assess
locomotor recovery. Weekly assessments and records of the
spinal cord injury’s motor functions were made from the
first week following surgery and continuing through the
16th week. Function improvement was assessed using the
Knuckling scale, which ranged from normal to mild to se-

vere (Table 1).

Table 1: Modified clinical signs grading system for motor
recovery (Tarlov ez al., 1953; Levine ez al., 2009).

Clinical  Grad Description
observation
Gait 6 Complete motor activity
5 Normal gait but inability to leap
4 Ability to walk with minor difficulty
3 Ability to walk with major difficulty
2 Ability to push up on hind leg and take few
steps
1 Ability to push upon hind leg but not take
steps
0  Total paralysis of hind leg
Propri- Flexion of the fetlock joint and bending of digits
oceptive
positioning
"Knuckling"
Normal 4 Planter surface of the foot face the ground
Mild 3 Planter surface of the foot face the ground
with little flexion of digits
Moderate 2 'The animal can walk with more difficulty
than above grade
Severe 1 'The animal dragged the limb and walked

on the dorsum of foot

SENSORY FUNCTIONS EVALUATIONS

Every week from the 2nd to the 16™ week following the
injury, the sensory functions of spinal cord injury were eval-
uated. The Texas Spinal Cord Injury Scale (T'SCIS), which
evaluates each limb separately in cats, was created to repre-
sent the normal progression of functional loss and recovery
following spinal cord injury (Levine ez a/., 2009). The cat
was put in lateral recumbency and examined to see wheth-
er deep and superficial nociception was present. A needle
was used to prickle the plantar surface of the foot and the
lateral side of the leg to test for superficial nociception (soft
tissue pain), and a forceps was used to grasp the most distal
part of the digit to assess deep nociception (bone or joint

pain) (Table 2).

STATISTICAL ANALYSIS

'The software Statistical Analysis System (SAS, 2012) was
utilized to determine how different factors affected the re-
search parameters. In this study, the least significant differ-

ence (LSD) test (ANOVA) was utilized to compare means
in a significant way, and was employed to compare percent-
ages.

Table 2: Texas Spinal Cord Injury score (T'SCIS) Modified
Scoring for Evaluation the Sensory Clinical Signs by [10].

Clinical Observations Description Score
1. Superficial nociception  Induced by pricking the

a. (Lateral aspect leg sen-  lateral aspect of leg with

sation) needle

Absent deep and superficial 0
Present superficial noci. 1
Present deep nociception 2
Present deep and superficial 3

b. (Toe Prick) Reflex induced by pricking

the planter surface of foot
with needle

Absent deep and superficial
Present superficial noci.

Present deep nociception

W NN RO

Present deep and superficial
Reflex induced by pinching

the most distal portion of
digit with forceps

2. Deep nociception
(Toe pinch)

Absent deep and superficial
Present superficial noci.

Present deep nociception

W N R O

Present deep and superficial

RESULTS AND DISCUSSION

NEUROLOGICAL EXAMINATION OF THE CONTROL
GROUP DURING THE PERIOD OF THE STUDY

From the 1st to the 14% day after surgery, every animal
had severe dysfunction (The animal dragged the limb and
walked on the dorsum of foot), which included total paral-
ysis of the pelvic limbs and dragging of the caudal portion
of the body when walking (Table 3) and severe knuckling
(Table 6). However, there were no documented deep or
surface pain feelings in the hind leg (Table 4). According
to the clinical evaluation, on day 28, all hind limb paralysis
was visible, and on day 21, Because they were crawling on
their rear limbs, some animals developed skin erosion on
the dorsum of those limbs (Table 4). However, all animals
had severe knuckling (Table 6). No sensations of the hind
limb were recorded (Table 4). Three animals comprising
in this group have complete paralysis of hind limbs which
persisted up to the end of the study and five animals ability
to push up on hind leg and take few step at end of 56™
day PO (Table 3). However, knuckling became moderate
on 38" day PO (Table 6). No sensations of the hind limb

were recorded (Table 4). The clinical observations at the
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Table 3: The Mean (score) neurologic status as evaluated by the modified Tarlov neurologic recovery in all groups

(Subgroup n=4).

Time Control group Placenta powder group Stem cells group
1Wk PO Total paralysis of hind leg Total paralysis of hind leg Total paralysis of hind leg
2Wk PO Total paralysis of hind leg Total paralysis of hind leg Ability to push upon hind leg
but not take steps
3Wk PO Total paralysis of hind leg Ability to push upon hind leg but  Ability to push up on hind leg
not take steps and take few step
4Wk PO Total paralysis of hind leg Ability to push up on hind leg and  Ability to push up on hind leg
take few step and take few step
5Wk PO Ability to push upon hind leg but not take steps Ability to push up on hind leg and  Ability to walk with major
take few step difficulty
6Wk PO  Ability to push upon hind leg but not take steps Ability to walk with major difficulty Ability to walk with minor
difficulty
7Wk PO  Ability to push upon hind leg but not take steps Ability to walk with major difficulty Ability to walk with minor
difficulty
8Wk PO  Ability to push upon hind leg but not take steps Ability to walk with minor difficulty Normal gait but inability to leap
9Wk PO  Ability to push upon hind leg but not take steps Normal gait but inability to leap Normal gait but inability to leap

10Wk PO Ability to push upon hind leg but not take steps

11Wk PO Ability to push up on hind leg and take few step Normal gait but inability to leap
12Wk PO Ability to push up on hind leg and take few step Normal gait but inability to leap
13Wk PO Ability to push up on hind leg and take few step Normal gait to leap
14Wk PO Ability to push up on hind leg and take few step Normal gait to leap
15Wk PO Ability to push up on hind leg and take few step Normal gait to leap
16Wk PO Ability to push up on hind leg and take few step Normal gait to leap

end of experiment revealed no improvement up to 112%
day (Table 3). Knuckling persisted until the study’s con-
clusion at a moderate level (Table 6). Sensation remained

absent (Table 4).

NEUROLOGICAL EXAMINATION OF THE PLACENTA
POWDER GROUP DURING THE PERIOD OF THE STUDY
'The clinical assessment for this group showed total paral-
ysis of hind limbs from first day PO which continued to
the end of 14th day PO (Table 3), and severe knuckling at
the end of 14th day PO (Table 6). However, no sensations
of the hind limb were recorded (Table 4). On the 21th day
PO, every animal in this group demonstrated the capacity
to push against their hind limb with a few steps, and they
also began to be able to walk with some difficulty. (Table
3) and knuckling improved to moderate on 17th day PO
(Table 6) but still, there were no sensations (Table 4). All
animals could walk with minor difficulty (Table 3) and the
knuckling became mild on 56th day PO (Table 6) still sen-
sation was absent at end of 56th day PO (Table 4). One
intriguing discovery was that on day 91th PO, the animals’
pelvic gait motions returned to normal (Table 3) at the
same time the knuckling disappeared 63th day (Table 6).
However, sensation slowly progressed towards foot at the
end of the study. Toe pinch reaction first showed on day
85 postoperatively, whereas lateral aspect leg and toe prick

Normal gait but inability to leap

Normal gait but inability to leap
Normal gait but inability to leap
Normal gait to leap
Normal gait to leap
Normal gait to leap
Normal gait to leap
Normal gait to leap

were evident on days 99 and 105 postoperatively, respec-
tively (Table 4).

NEUROLOGICAL EXAMINATION OF THE STEM CELLS
GRroup DURING THE PERIOD OF THE STUDY

In the stem cell group, complete paralysis of hind limb
movement was evident on the 6th day post-operation
(PO). However, by the end of the 7th day PO, the ani-
mals began to demonstrate the ability to push with their
hind legs, although they could not take any steps (see Table
3). By the 8th day PO, moderate knuckling was observed
(Table 6), and no sensory response in the hind limbs was
recorded (Table 4). Remarkably, by day 21, all animals in
this group exhibited the capacity to push oft with their rear
legs and take a few steps. Progress continued, and by day
35, the animals were able to walk, albeit with some diffi-
culty (Table 3). Knuckling improved to a moderate level by
the 23rd day PO (Table 6), but sensory responses remained
absent (Table 4). By day 45 PO, while all animals displayed
a normal gait, they were still unable to leap (Table 3), and
knuckling had reduced to a mild condition (Table 6). Sen-
sory responses continued to be absent on the 56th day PO
(Table 4). A significant finding emerged on the 84th day
PO, where all animals showed normal pelvic gait move-
ments (Table 3), and knuckling had returned to normal by
day 56 (Table 6). Additionally, the toe pinch reaction was
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first observed on day 78 PO, followed by responses to later-
al aspect leg and toe pricks on days 93 and 95, respectively
(Table 4).

Table 4: The Mean time (Days) of sensory clinical
observations during the period of the study in all groups
(Subgroup n=4).

Group (Sup. nocicep-
tion) Lat. Aspect
Leg Sense

(Sup. nocicep- (Deep nocic-
tion) eption)
Toe prick Toe Pinc
Control

14 days = = =

28 days - - -

56 days - - -

112 days = = =
Placenta powder

14 days = = =

28 days = = =

56 days = = =

112 days ~ +99days +105days +85days
Stem cells

14 days - - -

28 days = = =

56 days = = =

112 days ~ +93days +95days +78days

The results are consistent with (Fukuda ez a/., 2005), which
demonstrated significant spinal cord injury and the devel-
opment of cavities encircled by high-collagen scar tissue,
resulting in permanent paraplegia in cats for 12th weeks
tollowing SCI. However, among the treatment groups the
placenta powder group (91 days) and the stem cells group
(84 days) the gait returned to normal. Clinical motor
symptoms, such as the capacity to walk by the pain’s in-
tensity (which was divided into inflammatory and neuro-
pathic pain). According to the current study, the gait of the
stem cell group returned to normal more quickly than that
of the placenta powder group. This finding indicated that
the use of stem cells may have therapeutic benefits for im-
proving the functional recovery of injured spinal cords by
releasing a variety of neurotrophic factors that support the
formation of myelin sheaths, neovascularization, decreased
inflammatory response, and decreased edema, all of which
help to relieve pain associated with spinal cord injuries. The
knuckling vanished in each of the treatment group’s an-
imals. But vanished after 63 days in the placenta powder
group and 56 days in the stem cell group. Conversely, un-
til the conclusion of the trial, knuckling continued in the
control group. This might be due to the placenta powder
and stem cells are beneficial for functional recovery at the
location of hemisection defects in SCI patients. It has been
demonstrated that they enhance the early innervation of

the flexor and extensor muscles, which control proper limb
movement and promote the growth of neovascularization
and myelin sheaths. This improvement may be attributable
to stem cells’ capacity to hasten axon regeneration and re-
building, as well as to reduce the production of neuropathic
pain through the release of neurotrophic, angiogenic, and
anti-apoptotic substances (Yousefifard e /., 2016; Hussein
and AL-Bayati, 2022). According to Mannoji ez a/. (2014),
the infusion of mesenchymal stem cells in spinal cord inju-
ries will stop the development of heat and mechanical allo-
dynia. All of the main immune cell populations’ functions
can be modulated by the immunosuppressive qualities of
stem cells. Stem cells may have an impact on inflammatory
pain, which interacts with all immune system cell types.
'This interaction may occur directly or through soluble sub-
stances that impede all immune response mechanisms and
shorten the duration of inflammatory pain. (Sotiropoulou
and Papamichail, 2007; Al-Timmemi e# a/., 2011). Addi-
tionally, stem cells fight several detrimental processes in-
cluding inflammation and apoptosis to produce a milieu
that is favorable for neural regeneration (Parr ¢z a/., 2007;
AL-Qaisy ez al., 2014). According to Zhou ez al. (2016);
Dhurgham and Al-Timmemi (2023), stem cells can pro-
mote axonal regeneration in two main and distinct ways:
either by differentiating or by encouraging transdifferen-
tiation into neurons or glial cells, or by releasing a variety
of trophic factors, such as factor (BDNF), NGF, VEGE,
FGF-2, TGF-B, and IGF-1, through a paracrine effect.

STATISTICAL ANALYSIS OF MOTOR CLINICAL SIGNS
OBSERVATIONS

Proprioceptive positioning-related hind leg posture re-
sponses and a change in gait score were not seen in the con-
trol group during neurologic testing. After transplanting of
human placenta powder or stem cells the total Modified
Tarlov scores and Texas Spinal Cord Injury Scale score
were improved. However, the cats on the 14th day PO, in
the stem cells group reached an average Tarlov score (1.00
+0.00) that was significant (p <0.05) than placenta powder
(0.25 + 0.12) and control (0.00 = 0.00) groups.

On the 28th day PO stem cells (2.00 + 0.00) were more
significant (p < 0.05) than the placenta powder (1.25 =+
0.25) and control (0.00 + 0.00) group (Table 5). In addi-
tion, on 56th day 56 PO, in placenta powder (4.25 + 0.25)
and stem cells (4.50 + 0.28) groups was higher significant
(p < 0.05) than control group (0.50 + 0.28). On the 112th
day PO, the placenta powder (6.00£0.00) and stem cells
group (6.00+0.00) was significantly higher (p < 0.05) than
the control group (1.25 + 0.25). There were no significant
differences between the placenta powder and stem cell
groups at the 8th and 16th weeks. However, the cats re-
gained normal pelvic gait movement with no recurrence of
neurological disorders in the placenta powder group on the
91* day and the stem cells group on the 84th day (Table 5).
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Table 5: Statistical analysis of motor clinical observations

on days the study period in all groups (Subgroup n=4).

Groups Mean + SE LSD
Days Control Placenta Stemcells ~ Value
powder

14 C 0.00+£0.00b D 0.25+0.12b D 1.00+0.00a 0.461*
28 C 0.00+0.00c C 1.25+0.25b C 2.00+0.00a 0.461*
56 B 0.50+0.28b B 4.25+0.25a B 4.50+0.28a 0.884*
112 A 1.25+0.25b A 6.00£0.00a A 6.00+0.00a 0.533*
LSD value 0.50* 1.284* 1.105*  -——--
* (P=0.023)

*b<Values (Mean + SE) having with the different small
letters in same row and big letters in same column differed

significantly at p <0.05.

Table 6: Statistical analysis of knuckling function tests on
days the study period in all groups (Subgroup n=4).

Groups Mean + SE LSD
Days Control Placenta Stemcells ~ value
powder

14 C 1.00£0.00b B 1.63+0.05a C 1.75+0.03a 0.455 *
28 C 1.00£0.00c B 1.75+0.04a C 1.88+0.03a 0.431 *
56 B 1.75+0.04c A 2.38+0.05b B 3.14+0.06a 0.502 *
112 A 2.38+0.08b A 3.75+0.11a A 3.88+0.08a 0.833 *
LSD value 0.489* 0.507 * 0.574* -

* (P=0.013)

**<Values (Mean *= SE) having with the different small
letters in same row and big letters in same column differed
significantly at p <0.05.

Table 7: Statistical analysis of sensory clinical observations
at the end of experimental study in all groups (Subgroup
n=4).

Sensory Signs  Control  Placenta powder Stem cells
Lat. Aspect 007 1+0P 1+0P

Leg Sense

Toe pinch 00 1+0P 1=0P

Toe prick 007 1+0P 1=0P

»b Values (Mean + SE) with different superscript within
same row are significantly difterent at p <0.05.

While proprioceptive positioning was observed, on the
14th day PO severe knuckling in the placenta powder
(1.63 + 0.05) and stem cells group (1.75 + 0.03) which was
significant (p < 0.05) compared to control (1.00 = 0.00)
groups. In addition, on the 28thday PO moderate knuck-
ling was shown in the placenta powder (1.75 + 0.04) and
stem cells (1.88 + 0.03) groups which were significant (p
< 0.05) than the control group (1.00 = 0.00) (Table 4).
However, knuckling disappeared in the stem cells (3.14
+ 0.06) group which was significant (p < 0.05) compared
to placenta powder (2.38 + 0.05) and control (1.75 +0.04)

groups on 56th day PO (Table 6). On 112th day PO nor-
mal response (Planter surface of the foot face the ground)
the placenta powder (3.75 £ 0.11) and stem cells (3.88 =
0.08) groups, which was highly significance (p < 0.05) than
control group (2.38 = 0.08) (Table 6). Moreover, knuckling
disappeared after 63th day PO in Placenta powder group
and 56th day PO in stem cells group.

STATISTICAL  ANALYSIS OF SENSORY CLINICAL
OBSERVATIONS

On days 14, 28, and 56 PO, sensory reflexes, including su-
perficial and deep nociception, did not manifest. On the
112* day PO, animals in the placenta powder and stem cell
groups displayed significantly stronger sensory responses
(p < 0.05) than the control group (Table 7). On the other
hand, the placenta powder group’s return of deep and su-
perficial sensations of pain in the left hind limb revealed
that toe pinch response first came on day 85 PO, while
lateral aspect leg and toe prick were evident on days 99 and
105 PO, respectively. Toe pinch response came on day 78
PO, but the lateral aspect limb in the stem cells group dis-
played toe pricks on days 93 and 95, respectively (Table 4).

Placenta powder or stem cells may have contributed to
the better recovery of locomotor and sensory function
by increasing the production of neurotrophic factors like
NGF and BDNF at the site of injury. It is well known that
these compounds support spinal cord regeneration and cell
survival. The same results were achieved by Zaminy ez al.
(2013), who verified that Schwann cells were engrafted via
collagen scaffold in the hemisected rat spinal cord after al-
logenic stem cells were difterentiated. Surprisingly, sensory
perception showed signs of recovery, and hind limb motor
skills showed modest improvement. These improvements
have been attributed to the induced Schwann cells and
the scaffold’s capacity to produce neurotrophic substances,
which support spinal cord regeneration. The scaffold plays
a role in cell behavior modulation when in contact with
the scaffold and the control of its diffusing ability into the
scaffold (Loh and Choong, 2013). In addition, it may play
a role in increasing angiogenesis and rates of axonal re-
generation. However, prior research has demonstrated that
VEGF plays a significant role in angiogenesis, which might
lessen spinal cord damage by reducing inflammation and
enhancing healing following spinal cord injury (Park ez a/.,
2016). The ability of stem cells to create a variety of growth
factors, neuroprotective cytokines, and chemokines, such as
VEGEF, NGF, FGF, BDNEF, and HGEF, may be responsible
for the functional advantages of stem cell transplantation
(Awad ez al., 2015). Zhou et al. (2018), showed that stem
cells are a productive source of HGF and hypothesized
that the hormone these cells release may have a role in the
therapeutic benefits of stem cell transplantation. Jeong ez
al. (2012); Al-Mutheffer ef a/. (2023) demonstrated that
the hepatocyte growth factor inhibited the production of
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certain chondroitin sulfate proteoglycan (CSPG) species
and reduced the release of transforming growth factor-f§
(TGF-B) from activated astrocytes. Kitamura ez a/. (2018),
reported that the spinal cord’s hemisection lesions’” sur-
rounding glycosaminoglycan chain deposition and neuron
expression were significantly reduced when transplanting
HGF-overexpressing stem cells. HGF-MSC-treated ani-
mals had improved functional recovery and enhanced ax-
onal development.

CONCLUSIONS AND
RECOMMENDATIONS

'The biological implant of HP (Human Placenta) powder
has shown promise in promoting the regeneration of spinal
cord injuries. Additionally, Adipose-Derived Mesenchy-
mal Stem Cells (AD-MSCs) transplantation appears to be
more effective than HP powder alone.

ACKNOWLEDGMENTS

'The authors thank the Department of Veterinary Surgery
and Obstetrics, College of Veterinary Medicine, University
of Baghdad, Baghdad, Iraq for all of the facilities.

NOVELTY STATEMENTS

Researchers have isolated stem cells from the adipose tis-
sue of cats and used in treatment of spinal cord.

AUTHOR’S CONTRIBUTIONS

Jassim M. Khalaf Albozachri conceived and planned the
experiments. Hameed A. AL-Timmemi, contributed
to sample preparation. In addition to leading the paper
writing effort and offering insightful criticism, Jassim M.
Khalaf Albozachri and Hameed A. AL-Timmemi, helped
analyze the data and shaped the study, analysis, and man-
uscript.

ABBREVIATIONS

AD-MSCs: Adipose-derived mesenchymal stem cells.
Hp: Human placenta

TSCIS: Texas Spinal Cord Injury Scale

PO: Post operation

SCI: spinal cord injury

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.

REFERENCES

AL-Ameri SH, AL-Timmemi HA (2018). Effect of bone marrow

mesenchymal stem cell scaffold on functional recovery from

acute spinal cord injury in dogs. J. Vet. Res., 22(8): 692-702.

Allen DG, Dyson DH, Pascoe PJ,O’Grady MR (1986). Evaluation
of a xylazine-ketamine hydrochloride combination in the
cat. Can.J. Vet. Res.; 50: 23-26.

Al-Mutheffer EA, Reinwald Y, El Haj AJ (2023). Donor
variability of ovine bone marrow-derived mesenchymal
stem cell implications for cell therapy. Int. J. Vet. Sci. Med.,
11(1):23-37. https://doi.org/10.1080/23144599.2023
2197393

AL-Qaisy BA, Alwachi SN, Yaseen NY, AL-Shammari AM
(2014). Isolation and Identification of mouse bone marrow-
derived mesenchymal stem cells. Iraqi . Cancer Med. Genet.,
7(1):49-55. https://doi.org/10.29409/ijcmg.v7i1.126

Al-Timmemi H, Hussein H, Ammal B (2017). Acellular
Xenograft Bovine Urinary Bladder Submucosa a Novel
Conduit for Regeneration of Sciatic Nerve Defect in Rabbit
Model. Adv. Anim. Vet. Sci., 5(1): 1-10.

Al-Timmemi HA, Ibrahim R, Zuki AZ, Azmi T1, Al-Jashamy K
(2011). Bone marrow stromal cells implantation and suture
repair of peripheral nerve: A comparative study of functional,
histopathological, morphometric and relative gastrocnemius
muscle weight in rabbits. Afr. ]. Biotechnol., 15:10(44):8976-
83. https://doi.org/10.5897/AJB11.1279

Awad BI, Carmody MA, Steinmetz MP (2015). Potential
role of growth factors in the management of spinal cord
injury. World Neurosurg., 83(1): 120-131. https://doi.
org/10.1016/.wneu.2013.01.042

Dhurgham H, Al-Timmemi H (2023). Differentiated stem
cells derived from rabbit adipose tissue exhibited in vitro
adipogenesis and osteogenesis. Iraqi J. Vet. Med., 47(2): 59-
63. https://doi.org/10.30539/ijvm.v47i2.1509

Essa HH, Jasim HS, Kadhim HA (2020). Immunological and
Hematological Response to Local Transplantation of
Stem Cells in Injured Radial Nerve of Dogs. Iraqi J. Vet.
Med., 28:44(2):45-55. https://doi.org/10.30539/ijvm.
v44i2.976

FanY, Liichow M, Badria A, Hutchinson DJ, Malkoch M (2023).
Placenta Powder-Infused Thiol-Ene PEG Hydrogels as
Potential Tissue Engineering Scaffolds. Biomacromolecules
24, 1617-1626. https://doi.org/10.1021/acs.
biomac.2c01355

Fossum TW (2013). Small animal surgery of the thoracolumbar
spine: Mosby, editor. 4th edition. St Louis, United States:
Elsevier-health sciences division, 1460-1469.

Francisco J, Cunha R, Simeoni R, Guarita-Souza L, Ferreira R,
Irioda A (2013). The amniotic membrane is a potent source
of stem cells and a matrix for engineering heart tissue. J.
Biomed. Sci. Eng., 6:1178e85. https://doi.org/10.4236/
jbise.2013.612147

Fukuda S, Nakamura T, Kishigami Y, Endo K, Shimizu Y (2005).
New canine spinal cord injury model free from laminectomy.
Brain Res. Brain Res. Protoc., 14(3): 171-180. https://doi.
org/10.1016/j.brainresprot.2005.01.001

Garcia E, Mondragén-Caso J, Ibarra A (2016). Spinal cord
injury: potential neuroprotective therapy based on neural-
derived peptides. Neural Regen. Res., 11(11): 1762-1774
https://doi.org/10.4103/1673-5374.194718

Gupta A, Keshri GK, Yadav A, Gola S, Chauhan S, Salhan, AK
(2015). Superpulsed (Ga-As, 904 nm) low-level laser therapy
(LLL) attenuates inflammatory response and enhances
healing of burn wounds. ] Biophotonics. 8(6):489-501.

March 2025 | Volume 13 | Issue 3 | Page 718

: Links

o
**@Researchers


https://doi.org/10.1080/23144599.2023.2197393
https://doi.org/10.1080/23144599.2023.2197393
https://doi.org/10.29409/ijcmg.v7i1.126
https://doi.org/10.5897/AJB11.1279
https://doi.org/10.1016/j.wneu.2013.01.042
https://doi.org/10.1016/j.wneu.2013.01.042
https://doi.org/10.30539/ijvm.v47i2.1509
https://doi.org/10.30539/ijvm.v44i2.976
https://doi.org/10.30539/ijvm.v44i2.976
https://doi.org/10.1021/acs.biomac.2c01355
https://doi.org/10.1021/acs.biomac.2c01355
https://doi.org/10.4236/jbise.2013.612147
https://doi.org/10.4236/jbise.2013.612147
https://doi.org/10.1016/j.brainresprot.2005.01.001
https://doi.org/10.1016/j.brainresprot.2005.01.001
https://doi.org/10.4103/1673-5374.194718

OPEN 8ACCESS

Advances in Animal and Veterinary Sciences

Helal M, Hussein A (2022). The Effect of Local Application
of Magnesium Oxide Powder on the Blood Parameters
During Nerve Regeneration of Injured Sciatic Nerve in Rat
IJFMT. 16:(1) p1759. https://doi.org/10.37506/ijfmt.
v16i1.17946

Hussein Abed H, AL-Bayatil AH (2022). Clinical and
Histopathological Study of the Effect of Adipose-Derived
Mesenchymal Stem Cells on Corneal Neovascularization
Following Alkali Burn in a Rabbit Model. Arch. Razi Inst,.
77(5):1715-21.

Jeong SR, Kwon MJ, Lee HG, Joe EH, Lee JH, Kim BG (2012).
Hepatocyte growth factor reduces astrocytic scar formation
and promotes axonal growth beyond glial scars after spinal
cord injury. Exp. Neurol., 233(1): 312-322. https://doi.
org/10.1016/j.expneurol.2011.10.021

Kabu S, Gao Y, Kwon BK, Labhasetwar V (2015). Drug delivery,
cell-based therapies, and tissue engineering approaches
for spinal cord injury. JCR. 219:141-154. https://doi.
org/10.1016/j.jconrel.2015.08.060

Kitamura K, Iwanami A, Nakamura M, Yamane ], Coffin RS
(2018). Hepatocyte growth factor promotes endogenous
repair and functional recovery after spinal cord injury.
J. Neurosci. Res., 85(11): 2332-2342. https://doi.
0rg/10.1002/jnr.21372

Levine GJ, Levine JM, Budke C M, Kerwin SC, Au J, Slater
M R. (2009). Description and repeatability of a newly
developed spinal cord injury scale for dogs. Prev. Vet
Med., 89(1-2): 121-127. https://doi.org/10.1016/].
prevetmed.2009.02.016

Liu Y, Ye H, Satkunendrarajah K, Fehlings MGA (2013).
selfassembling peptide reduces glial scarring, attenuates post-
traumatic inflammation, and promotes neurological recovery
following spinal cord injury. Acta Biomater.. 9(9): 8075-
8088. https://doi.org/10.1016/j.actbio.2013.06.001

Loh QL, Choong C (2013). Three-dimensional scaffolds for
tissue engineering applications: role of porosity and pore
size. Tissue Eng. Part B Rev. 19(6): 485-502. https://doi.
org/10.1089/ten.teb.2012.0437

Malek S, Sample SJ, Schwartz Z, Nemke B, Jacobson PB, Cozzi
EM (2012). Effect of analgesic therapy on clinical outcome
measures in a randomized controlled trial using client-owned
dogs with hip osteoarthritis. BMC Vet. Res., 8(1):185-201.
https://doi.org/10.1186/1746-6148-8-185

Mannoji C, Koda M, Kamiya K, Yamazaki M (2014).
Transplantation of human bone marrow stromal cell-derived
neuroregenerative cells promotes functional recovery after
spinal cord injury in mice. Acta. Neurobiol. Exp., 74(4): 479-
488. https://doi.org/10.55782/ane-2014-2010

Markides H, McLaren JS, Telling ND, Alom N, Al-Mutheffer
EA (2018). Translation of remote control regenerative
technologies for bone repair. npj Regenerative Med., 3:9 1.

https://doi.org/10.1038/s41536-018-0048-1

Park HW, Jeon HJ, Chang MS (2016). Vascular endothelial
growth factor enhances axonal outgrowth in organotypic
spinal cord slices via vascular endothelial growth factor
receptors 1 and 2. Tissue Engin. Reg. Med., 13(5): 601-609.
https://doi.org/10.1007/s13770-016-0051-9

Parr AM, Tator C H, Keating A (2007). Bone marrow-derived
mesenchymal stromal cells for the repair of central nervous
system injury. Bone marrow transplantation 40(7): 609-622.
https://doi.org/10.1038/sj.bmt.1705757

Roy R, Haase T, Ma N, Bader A, Becker M, Seifert M (2016).
Decellularized amniotic membrane attenuates post-infarct
left ventricular remodeling. ] Surg Res 200:409¢19. https://
doi.org/10.1016/j.jss.2015.08.022

Sabol RA, Bowles AC, Cété A, Wise R, Pashos N, Bunnell
BA (2021). Therapeutic Potential of Adipose Stem
Cells. Adv. Exp. Med. Biol., 1341:15-25. https://doi.
org/10.1007/5584_2018_248

SAS (2012). Statistical Analysis System, User’s Guide. Statistical.
Version 9.1thed. SAS. Inst. Inc. Cary. N.C. USA.

Sotiropoulou PA, Papamichail M (2007). Immune properties of
mesenchymal stem cells. Int. J. Biomed. Sci., 407:225-43.
https://doi.org/10.1007/978-1-59745-536-7_16

Tarlov IM, Klinger H, Vitale S (1953). Spinal cord compression
studies: I. experimental techniques to produce acute
and gradual compression. AMA  Arch. Neurol.
Psychiatry, 70(6): 813-819. https://doi.org/10.1001/
archneurpsyc.1953.02320360128010

Vaquero J, Zurita M, Rico MA, Bonilla C, Martinez FF (2017).
Repeated subarachnoid administrations of autologous
mesenchymal stromal cells supported in autologous plasma
improve quality of life in patients suffering incomplete spinal
cord injury. Cytotherapy. 19(3): 349-359. https://doi.
0rg/10.1016/}.jcyt.2016.12.002

Yousefifard M, Nasirinezhad F, Manaheji HS, Keshavarz M
(2016). Human bone marrow-derived and umbilical cord-
derived mesenchymal stem cells for alleviating neuropathic
pain in a spinal cord injury model. Stem cell Res. Ther., 7(1):
36-53. https://doi.org/10.1186/s13287-016-0295-2

Zaminy A, Shokrgozar MA, Sadeghi Y, Noroozian M, Piryaei
A (2013). Mesenchymal stem cells as an alternative for
Schwann cells in rat spinal cord injury. Arch. Iran. Med.,
17(3):113-126.

Zhou HL, Zhang X J, Zhang MY, Xu RX (2016). Transplantation
of human amniotic mesenchymal stem cells promotes
functional recovery in a rat model of traumatic spinal cord
injury. Neurochem. Res. 41(10): 2708-2718. https://doi.
org/10.1007/s11064-016-1987-9

Zhou'Y, Wang Z, Li ], Li X, Xiao ] (2018). Fibroblast growth
factors in the management of spinal cord injury. Cell.
Mol. Med., 22(1): 25-36. https://doi.org/10.1111/
jemm.13353

March 2025 | Volume 13 | Issue 3 | Page 719

oo )
Sols Links
OResearchers


https://doi.org/10.37506/ijfmt.v16i1.17946
https://doi.org/10.37506/ijfmt.v16i1.17946
https://doi.org/10.1016/j.expneurol.2011.10.021
https://doi.org/10.1016/j.expneurol.2011.10.021
https://doi.org/10.1016/j.jconrel.2015.08.060
https://doi.org/10.1016/j.jconrel.2015.08.060
https://doi.org/10.1002/jnr.21372
https://doi.org/10.1002/jnr.21372
https://doi.org/10.1016/j.prevetmed.2009.02.016
https://doi.org/10.1016/j.prevetmed.2009.02.016
https://doi.org/10.1016/j.actbio.2013.06.001
https://doi.org/10.1089/ten.teb.2012.0437
https://doi.org/10.1089/ten.teb.2012.0437
https://doi.org/10.1186/1746-6148-8-185
https://doi.org/10.55782/ane-2014-2010
https://doi.org/10.1038/s41536-018-0048-1
https://doi.org/10.1007/s13770-016-0051-9
https://doi.org/10.1038/sj.bmt.1705757
https://doi.org/10.1016/j.jss.2015.08.022
https://doi.org/10.1016/j.jss.2015.08.022
https://doi.org/10.1007/5584_2018_248
https://doi.org/10.1007/5584_2018_248
https://doi.org/10.1007/978-1-59745-536-7_16
https://doi.org/10.1001/archneurpsyc.1953.02320360128010
https://doi.org/10.1001/archneurpsyc.1953.02320360128010
https://doi.org/10.1016/j.jcyt.2016.12.002
https://doi.org/10.1016/j.jcyt.2016.12.002
https://doi.org/10.1186/s13287-016-0295-2
https://doi.org/10.1007/s11064-016-1987-9
https://doi.org/10.1007/s11064-016-1987-9
https://doi.org/10.1111/jcmm.13353
https://doi.org/10.1111/jcmm.13353

