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Abstract

Intestinal ischemia reperfusion injury (IRI) is a challenging problem and it adversely affects the healing of colonic anastomosis.
Our experimental study aimed to investigate the role of mesenchymal stem cells (MSC) administration in the healing of colonic
anastomosis. A total of 33 rats were grouped as Control, IRl and MSC treatment groups. Three rats were reserved for obtaining MSCs.
Colonic resection and anastomosis procedure was performed in all groups. Anastomotic line was wrapped with MSCs impregnated
spongostan after colonic anastomosis in the rats of the MSC treatment group. All rats were sacrificed and anastomotic line were
sampled for examination on the post operative seventh day. Tissue hydroxyproline (HP) levels and anastomotic bursting pressures
were statistically compared. Anastomotic bursting pressures were found to be significantly high in MSC treatment group rats. The
lowest anastomotic bursting pressure was detected in IRl group rats. Hydroxyproline content of the anastomotic sites were also found
to be significantly higher in the rats of the MSC treatment group when compared with the IRl group rats. Our study showed that the
detrimental effects of IRI on the healing process of colonic anastomosis in an experimental model may be alleviated with the treatment
of MSCs.
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Topikal Mezenkimal K6k Hiicre Uygulamasinin iskemi Reperfiizyon
Yaralanmasina Bagh Kolonik Anastomoz Uzerine iyilestirici Etkileri

Oz

Bagirsak iskemi reperfiizyon hasari (iRH) zorlu bir sorundur ve kolon anastomozunun iyilesmesini olumsuz etkiler. Deneysel calismamiz
kolon anastomozunun iyilesmesinde mezenkimal kok hiicre (MKH) uygulamasinin roliini arastirmayi amaglamistir. Toplam 33 sican,
Kontrol, IRH ve MKH tedavi gruplari olarak gruplandi. MKH'leri elde etmek icin Gc¢ sican ayrildi. Tim gruplara kolonik rezeksiyon ve
anastomoz islemi uygulandi. Anastomotik hat, MKH tedavi grubundaki sicanlarda kolonik anastomozdan sonra MKH emdirilmis
spongostan ile sarildi. Tim sicanlar ameliyat sonrasi yedinci giinde sakrifiye edildi ve inceleme i¢in anastomoz hat 6rneklendi. Doku
hidroksiprolin (HP) seviyeleri ve anastomoz patlama basinglariistatistiksel olarak karsilastirildi. MKH tedavi grubu sicanlarda anastomoz
patlama basinclar dnemli élciide yiiksek bulundu. En diisiik anastomoz patlama basinci IRH grubu sicanlarda tespit edildi. Anastomotik
bélgelerin hidroksiprolin icerigi, IRH grubu sicanlara kiyasla MKH tedavi grubundaki sicanlarda 6nemli 6lciide daha yiiksek bulundu.
Gahsmamiz, deneysel bir modelde iRH'nin kolon anastomozunun iyilesme siireci lizerindeki zararh etkilerinin MKH’lerin tedavisi ile
hafifletilebilecegini gostermistir.

Anahtar sézciikler: Anastomoz kagadji, Hidroksiprolin, Iskemi reperfiizyon hasari, Kolon anastomozu, Mezenkimal kék hiicre
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INTRODUCTION

There may be a need for anastomosis in bowel surgeries
that are reperformed quite frequently. Itis a type of surgery
with high mortality and morbidity that is feared in surgery
clinics. A leak that may develop from the anatomosis can
be very risky for the life of the patient. Therefore, studies
in this field are frequently encountered in the literature.
To increase the safety of the anastomosis, many agents
are tried systemic and topical. The main problem that we
frequently encounter in the deterioration of the well-being
of the anastomosis in clinical practice is the oxygenation
and nutritional status of the anastomotic line. An ischemic
bowel carries a high risk for anastomosis. Reperfusion injury
after oxygenation of the ischemic tissue causes tissue
damage and prevents healing in the anastomosis line ™.

The effect of ischemia/reperfusion (I/R) injury on the healing
of colonicanastomosis is one of the most investigated topics
of experimental surgery. Intestinal ischemia may result
from many clinics senarios such as mesenteric vascular
occlusion, mechanical obstruction, strangulated hernia or
volvulus. Shock and severe cardiopulmonary diseases are
also common clinic problems and they constitute the cause
of a more prevalent but underdiagnosed type of intestinal
ischemia . Removing the necrotic colonic segment and
performing colonic anastomosis may be required in these
conditions. A major indicator of the outcome of this procedure
is the safety of colonic anastomosis. Factors including the
degree of ischemia, the length of ischemic bowel segments
and the performance status in which the patient plays an
important role in the anastomotic healing process. It has
been shown that the presence of I/R injury on intestinal
anastomosis delays the anastomotic healing process and
this may lead to anastomotic leakage and dehiscence.
Although anastomotic leakage and dehiscence seem to be
local events of I/R injury, the mediators from the ischemic
tissue enter the systemic circulation and affect to their
organ systems @, Endothelial dysfunction, increased free
radical production, nitric oxide depletion and released
cytokines are the main characteristics of the mechanism
of I/R injury. These events trigger a local and systemic
inflammatory response according to the severity of ischemic
insult. Endothelial dysfunction and cytokine release are the
main unfavorable factors responsible for tissue damage &,

Ischemia reperfusion injury is generally an unavoidable
challenging problem. Investigations in this field have
focused on early detection and have examined the effects
of therapeutic agents on tissue damage ™.

Mesenchymal stem cells have beneficial effects on anasto-
motic safety in the digestive tract in the presence of ischemia.
MSCs from adipose tissue have immunomodulatory, anti-
inflammatory and anti-apoptotic properties ®¢. We aimed
to investigate the healing effects of MSCs on colonic
anastomosis subjected to I/R injury in our study.

MATERIAL AND METHODS
Ethical Approval

This experimental study was approved by Kirikkale University
Animal Experiments Local Ethics Committee on 09.01.2014
with the number 14/14.

Animals

A total of 33 rats were grouped as Control, IRl and MSC
treatment groups. Three rats were reserved for obtaining
MCSs and the others were grouped as control (n=10), I/R
injury (n=10) and MCS treatment group (n=10).

Preparation of MSCs Impregnated Spongostan Layers

Mesenchymal stem cells were obtained from subcutaneous
adipose tissue in the abdomen of rats. Stem cells were
isolated by using the primary culture method. Fat tissue
was collected from three appropriately anesthetized
rats. An average of 0.59 g fat tissue was collected per rat
(n=3;n"=0.64 g, n?>=0.54 g, n*=0.59 g). The fat tissue
was transported in an appropriate transport medium
(transport medium containing 10% FBS and 0.4% penicillin-
streptomycin) and incubated in standard culture medium
by splitting into small pieces. The culture medium was
changed daily to prevent the possible different effects of
various cytokines induced by MSCs. Cells were passaged
4 times using standard trypsinization method and the
number of cells was counted using trypan blue staining
method when they were passaged. They were then frozen
for use. Characterization of the cells was performed using
flow cytometry. It was analyzed for CD29, CD90, CD54,
MHC class 1, CD45, CD109 and MHC class 2 receptor.
9x10%/mm3 MSCs prepared separately for each transport
container were impregnated with layers of spongostan 7.,

Anesthesia and Surgery

Rats were anesthetized using intraperitoneal ketamine HCI
90 mg/kg (Ketalar, 500 mg/10 mL Pfizer; USA) and 10 mg/kg
xylazine HCl (Rompun, 23.32 mg/mL Bayer, Leverkusen,
Germany). Operation sites of the rats were cleaned with
povidone-iodine before incision. About 3 cm midline
incision was performed in all rats. In control group rats,
0.5 cm colonic segment was resected in distance 5 cm
from the ileocecal valve and later anastomosis added. As
described by Fink et al.’®! superior mesenteric artery was
clamped for about 15 min for ischemia and intestinal
tissue was evaluated for pallor and edema, and released
for 5 min to ensure reperfusion before colonic resection
and anastomosis procedure in I/R injury group rats.
The presence of ischemia was confirmed by the color
changes. MSCs impregnated spongostan layers (9x10%/
mm3) were prepared as mentioned below for the rats of
the MSC treatment group. After subjection to I/R injury,
resection and anastomosis procedure was performed
and colonic anastomotic line was wrapped with MSCs
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impregnated spongostan layers in MSC treatment group
rats. All rats were allowed standard rat chow and water as
before surgery. On the seventh postoperative day, all rats
underwent relaparotomy and 5 cm of anastomotic colon
segments were removed for the examination of tissue
hydroxyproline levels and for measuring anastomotic
bursting pressure.

Measurement of Anastomotic Bursting Pressure

The anastomotic bursting pressure was measured in
all rats as described in the literatiire . A 5 cm colonic
segment (including the anastomosis in the middle)
carefully resected and fecal content was cleaned with
saline solution. The proximal end of this segment was
ligated by using 2/0 polyglactin suture and the other
end was fixed to the infusion pump using a 16G catheter
and then infused with isotonic saline solution at 2 mL/
min. The intraluminal pressure of the colonic segment
was monitored and measured from the anastomotic site
until a leak occurred and the pressure was recorded as
anastomosis burst pressure (BP) (Fig. 1 and Fig. 2).

Evaluation of Hydroxyproline Level in Perianastomotic
Tissue

After the measurement of anastomotic bursting pressure,
wet perianastomotic tissue samples were weighed, then
dried for 3 days at 60°C. Dry tissue samples were also
weighed. The tissues were hydrolyzed in 7 N hydrochloric
acid (HCl) at 110°C for 8 h and centrifuged at 5000 rpm for
20 min to obtain the study material. The absorbance of the

Fig 1. Anastomotic bursting pressure, anastomosis line

Fig 2. Anastomotic bursting pressure, infusion pump

formed material was evaluated colorimetric (photometric)
at 121°C at 562 nm and the tissue hydroxyproline (HP)
level was calculated.

Statistical Analyses

All results are reported as mean = standard error of the
mean. The statistical analyses were performed by using the
SPSSe statistical package, version 16.0 for Windows. Due
to limited number of rats in each group, non-parametric
methods were used for statistical analysis. Kruskal-Wallis
variance analysis, which is used to compare the means
of three or more groups, was used to determine whether
there was a statistical difference between the groups.
The Mann-Whitney U test, which is used to compare the
means of two groups, was used to determine the origin of
the significant difference in terms of groups. P value of less
than 0.05 was considered significant.

REesuLTs

The experimental protocol was composed of three groups
as control, I/R and MSC groups. Ten rats were randomly
selected for each group and a total of 30 rats underwent
surgery. One rat from the control group, one from the MSC
group, and two rats from the I/R group died within the first
day after the first surgical procedure of the experiment.
Relaparotomy was performed for deceased rats. There was
no intra-abdominal adhesion, anastomotic leakage or any
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Table 1. Anastomotic bursting pressure levels of the groups

Table 2. Hydroxyproline levels of the groups

Bursting Pressure Hydroxyproline Levels
Groups Groups
Min Max Median Min Max Median
Control group 170 230 217.78° Control group 211.39 1113.75 633.38°
I/R group 160 210 199.09°¢ I/R group 89.87 795.85 476.31¢
MSC group 180 260 236¢ MSC group 671.55 1453.17 1172.97°¢

Values are presented as median (intrequartile range) *Kruskal-Wallis test,
a) The difference between control group and I/R group was statistically
significant (P 0.05), b) The difference between control group and MSC
group was statistically significant (P<0.05), c¢) The difference between I/R
group and MSC group was statistically significant (P<0.05)

Values are presented as median (intrequartile range) *Kruskal-Wallis test,
a) The difference between Control group and I/R group was statistically
significant (P<0.05), b)The difference between Control group and MSC
group was statistically significant (P<0.05), c) The difference between I/R
group and MSC group wais statistically significant (P<0.05)
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Fig 3. Anastomotic bursting pressure levels of the groups

Fig 4. Hydroxyproline levels of the groups

additional surgical pathology. It was excluded from the
experiment as it was thought to be caused by anesthesia.
No pathology developed in the other rats. The experiment
was completed successfully. A 5 cm intestinal segment,
including the anastomosis area obtained with the last
surgical procedure, was subjected to burst pressure
measurements. Then the anastomosis site in the remaining
tissue was resected and subjected to hydroxyproline
measurements. The results were evaluated statistically.
The results are detailed in Table T and Table 2.

Mean anastomotic bursting pressure levels were measured
as 217.78 mmHg in control group, 199.09 mmHg in I/R
Injury group and 236 mmHg in MSC treatment group
animals. Compared with control and MSC group animals,
anastomotic bursting pressure levels of I/R injury group
animals were found to be significantly low (P=0.041 and
P<0.001 respectively). There was no significant difference
between the control and MSC treatment groups in terms
of anastomotic bursting pressure levels (Fig. 3).

Mean hydroxyproline levels were measured as 633.38 in
control group animals, 476.31 in I/R group animals and
1172.92 in MSC treatment group animals. There was no
significant difference between the control and I/R injury
group rats in terms of HP levels. The highest HP levels were
noted in MSC group animals. Compared with control and
I/Rinjury group rats, HP levels were found to be significantly
high (P=0.002 and P<0.001 respectively) (Fig. 4).

DiscussioN

Intestinal anastomoses are operations that are frequently
performed in surgical clinics. Intestinal resection and
anastomosis may be required for many reasons such as
ileus, mesenteric ischemia, tumor, bleeding, diverticulum
perforations, and stab wounds. In the clinical sense,
intestinal structure, blood supply level, intra-abdominal
contamination, surgical technique and age of the patient
have an effect on anastomosis safety. Anastomotic leakage is
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a pathology with high morbidity and mortality. Treatment
procedures to maximize anastomosis safety have been
tried over time. Academic studies for this purpose are
frequently encountered in the literature. The most
emphasized parameter in anastomosis safety is the vitality
of the intestinal structure, that is, whether it is ischemic
or not. It is a known fact that disruption of intestinal
oxygenation will adversely affect healing . However,
the more effective damage is the destruction caused by
the oxygen radicals of the reperfusion that develops after
ischemia 1112,

The release of many vasoactive mediators, cytokines
and free oxygen radicals and leukocyte activation from
reperfused intestines lead to endothelial dysfunction
and edema. Reperfusion may lead to more severe injury
than the injury results from ischemia itself. A variety of
therapeutic agents have been studied in experimental
studies to alleviate the adverse effects of I/R injury on
the colonic anastomotic healing process. Commonly
anti-inflammatory and/or antioxidant agents have been
used to reduce ischemia or prevent ischemia-reperfusion
injury 04131,

When the experimental studies are examined, it is seen
that mostly mechanical and biochemical parameters are
used to evaluate the strength of the colonic anastomosis.
Mechanically, the measurement of anastomotic bursting
pressure is a commonly used method to examine the
safety of colonic anastomosis in experimental studies.
Christensen et al.'" showed that bursting pressure is a
meaningful parameter, since anastomotic disruption occurs
at the maximum bursting pressure point. At such, the
bursting pressure is a more accurate parameter to evaluate
the bursting strength than the bursting wall tension M+,
In our study, we used the bursting pressure measurement
method to evaluate the intestinal anastomoses between
groups. We examined the significance levels between the
data obtained in this way.

On the molecular level, one of the most meaningful para-
meters to examine anastomotic strength is tissue collagen
content.Collagenfibersarethe mostimportantcomponent
of the wound healing process and primary responsible for
the development of strength. Hydroxyproline is found only
in collagen and elastin in animals. Therefore, the HP level in
animals is a valuable measure in wound healing. On the
fifth and seventh days after surgery, collagen synthesis
reaches the peak and the wound strength is mainly due to
these newly formed, organized collagen fibers """, In our
experimental colon anastomosis model, we measured the
HP level in tissue samples taken from the anastomosis line
on the 7" day, when collagen synthesis is at its maximum.
We compared the level of anastomosis robustness by
looking at the statistical significance level of the results
we obtained.

Mesenchymal stem cells (MSCs) are multipotent cells and

easily differentiate into mesenchymal lineages. Currently
MSCs are commonly preferred in the clinical treatment of
variousdiseasesduetobiologiccharacteristic.Easyisolation
and in vitro cultivation of these cells urge investigators
to use them commonly. Particularly due to their high
immunoregulatory capacity, MSCs are commonly used
in diseases associated with immune system alterations.
Adas et al"® showed that MSCs significantly accelerated
the healing parameters for ischemic colonic anastomosis
and increased the level of hydroxyproline on the seventh
postoperative day. They also stressed that the histological
parameters, necrosis and collagen deposition were also
found to be important for the healing of ischemic colonic
anastomosis. However, they also reported that MSCs did
not accelerated angiogenesis in their study. Caziucet
et al.”! found that stem cells increase bursting pressure
by elevating the rate of angiogenesis. Stem cells can be
obtained from bone marrow or adipose tissue %%, In our
study, we used adipose tissue-derived stem cells which
have the capability for direct differentiation to endothelial
cells as well as indirectly angiogenic growth factor
secretion 1222,

When the literature is examined, we can see that many
studies seek an answer to the question of what we can
do for anastomosis safety. Similar to the experimental
study we used, it was done by trying different substances.
Sayin et al."’ used montelukast and achieved significant
results. Akarsu et al.? used simvastatin. Pehlivanli et al.”
used dexpanthenol or coenzyme Q10. It is seen that
the substances used in the studies generally have anti-
inflammatory and/or antioxidant properties. We think
that the general structure of MSC will provide an effective
improvement in the anastomosis line, since it has anti-
inflammatory, antioxidant and angiogenic properties, as
well as being multipotent and differentiable.

In our study, when the burst pressure measurements
were examined, we found that the highest value was in
the MSC group. Burst pressure values of the MSC group
were significantly higher than the I/R group. When HP
values, which are our other parameters, were examined,
we found that the results obtained in the MSC group were
significantly higher than both the control group and the
I/R group. When the data obtained were examined, it was
seen that MSC had positive effects on the healing of colon
anastomosis.

In conclusion, our results showed that local application of
MSCs improve the healing process of colonic anastomosis
subjected to ischemia reperfusion injury. Both anastomotic
bursting pressure and hydroxyproline levels considerably
supported this finding. We think healing effects of MSCs on
the wound healing of colonic anastomosis may be due to
its anti-inflammatory, antioxidant and angiogenic effects.
Of course, further investigations are needed for clinical
topical usage of MSCs on colonic anastomosis subjected
to an ischemic impact.



600
The Healing Effects of The Topical MSC

Research Article

STATEMENT OF AUTHOR CONTRIBUTIONS

H.0.: work management, article writing, experimental
procedure follow-up; G.K.: design, article writing, literature
review, statistics; H.B.: biochemical analysis; M.N.: stem
cell production, experimental procedure follow-up; M.G.:
design, article writing, literature review; C.E.D.: background
assessment, review of results and final decision

CONFLICT OF INTEREST

We declare that there is no conflict of interest.

REFERENCES

1. Sayin T, Cimen S, Cimen S, Bostana T, Akbaba S, Yildirim Z, Ersoy
PE: Colonic anastomosis can be protected from ischemia reperfusion
injury with intraperitoneal montelukast treatment. Asian J Surg, 43 (1):
130-138, 2020. DOI: 10.1016/j.asjsur.2019.01.022

2. Akarsu M, Saygun O, Aydinuraz K, Aydin O, Daphan CE, Tanrikulu
FB, Kisa U, Comu FM: The effects of simvastatin on ischemia reperfusion
injury in an experimental colon anastomosis model. Indian J Surg, 79 (5):
390-395,2017.DOI: 10.1007/512262-016-1493-y

3. Lazzari FD, Prag HA, Gruszczyk AV, Whitworth AJ, Bisaglia M: DJ-1:
A promising therapeutic candidate for ischemia-reperfusion injury. Redox
Biol,41:101884,2213-2317,2021. DOI: 10.1016/j.redox.2021.101884

4. Pehlivanh F, Aydin O, Karaca G, Aydin G, Devrim T, Bulut H, Bakar
B, Daphan CE: Healing of ischemic colon anastomosis in rats could be
provided by administering dexpanthenol or coenzyme Q10. J Clin Med, 7
(7):161,2018. DOI: 10.3390/jcm7070161

5. Caziuc A, Dindelegan GC, Pall E, Mironiuc A: Stem cells improve the
quality of colonic anastomosis - A systematic review. JBUON, 20 (6): 1624-
1629, 2015.

6. Adas G, Kemik O, Eryasar B, Okcu A, Adas M, Arikan S, Erman
G, Kemik AS, Kamali G, Dogan Y, Karaoz E: Treatment of ischemic
colonic anastomosis with systemic transplanted bone marrow derived
mesenchymal stem cells. Eur Rev Med Pharmacol Sci, 17 (17): 2275-2285,
2013.

7. Niyaz M, Giirpinar OA, Giinaydin S, Onur MA: Isolation, culturing
and characterization of rat adipose tissue-derived mesenchymal stem
cells: A simple technique. Turk J Biol, 36 (6): 658-664, 2012. DOI: 10.3906/
biy-1109-31

8. Fink D, Romanowski K, Valuckaite V, Babrowski T, Kim M, Matthews
JB, Liu D, Zaborina O, Alverdy JC: Pseudomonas aeruginosa potentiates
the lethal effect of intestinal ischemia-reperfusion injury: The role of in
vivo virulence activation. J Trauma, 71 (6): 1575-1582,2011. DOI: 10.1097/
TA.0b013e31821cb7e5

9. Despoudi K, Mantzoros |, loannidis O, Cheva A, Antoniou
N, Konstantaras D, Symeonidis S, Pramateftakis MG, Kotidis E,
Angelopoulos S, Tsalis K: Effects of albumin/glutaraldehyde glue
on healing of colonic anastomosis in rats. World J Gastroenterol, 23 (31):
5680-5691, 2017. DOI: 10.3748/wjg.v23.i31.5680

10. Aydin F, Aslan B: Early markers of mesenteric artery ischemia
in rats. Kafkas Univ Vet Fak Derg, 26 (6): 787-793, 2020. DOI: 10.9775/
kvfd.2020.24393

11. Stormark K, Krarup PM, Sjovall A, Sereide K, Kvalgy JT, Nordholm-
Carstensen A, Nedrebg BS, Karner H: Anastomotic leak after surgery for
colon cancer and effect on long-term survival. Colorectal Dis, 22 (9): 1108-
1118, 2020. DOI: 10.1111/codi. 14999

12. Basbug M, Yildar M, Yaman |, Cavdar F, Ozkan OF, Aksit H, Ozyigit
MO, Aslan F, Derici H: Effect of different doses of 2-aminoethoxydiphenyl
borate on intestinal ischemia-reperfusion injury. Eur Surg, 49 (1): 32-37,
2017.DOI: 10.1007/510353-016-0452-y

13. Kuzu MA, Koksoy C, Kale IT, Tanik A, Terzi C, Elhan EH: Reperfusion
injury delays healing of intestinal anastomosis in a rat. Am J Surg, 176 (4):
348-351,1998. DOI: 10.1016/50002-9610(98)00198-6

14. Christensen H, Langfel S, Laurberg S: Bursting strength of
experimental colonic anastomoses. Eur Surg Res, 25 (1): 38-45, 1993. DOI:
10.1159/000129255

15. Hendriks T, Mastboom WJB: Healing of experimental intestinal
anastomosis, parameters for repair. Dis Colon Rectum, 33 (10), 891-901, 1990.

16. Hesp FL, Hendriks T, Lubbers EJ, deBoer HH: Wound healing in
the intestinal wall. A comparison between experimental ileal and colonic
anastomoses. Dis Col Rect, 27 (2): 99-104, 1984. DOI: 10.1007/bf02553985

17.Barbul A: Wound Healing. In, Brunicardi FC (Ed): Schwartz’s Principles
of Surgery. 8" ed., 223, Mc Graw Hill, New York, 2005.

18. Adas G, Arikan S, Karatepe O, Kemik O, Ayhan S, Kara6z E, Kamali
G, Eryasar B, Ustek D: Mesenchymal stem cells improve the healing of
ischemic colonic anastomoses (experimental study). Langenbecks Arch
Surg, 396 (1): 115-126,2011. DOI: 10.1007/500423-010-0717-z

19. Tadauchi A, Narita Y, Kagami H, Niwa Y, Ueda M, Goto H: Novel
cell-based the therapeutic strategy for ischemic colitis with use of bone
marrow-derived mononuclear cells in rats. Dis Colon Rectum, 52 (8): 1443-
1451, 2009. DOI: 10.1007/DCR.0b013e3181a79549

20. Aldahmash A, Zaher W, Al-Nbaheen M, Kassem M: Human stromal
(mesenchymal) stemcells: Basic biology and current clinical use for tissue
regeneration. Ann Saudi Med, 32 (1): 68-77, 2012. DOI: 10.5144/0256-
4947.2012.68

21.Zeng Q, Li X, Beck G, Balian G, Shen FH: Growth and differentiation
factor-5 (GDF-5) stimulates osteogenic differentiation and increases
vascular endothelial growth factor (VEGF) levels in fat derived stromal
cells in vitro. Bone, 40 (2): 374-381, 2007. DOI: 10.1016/j.bone.2006.09.022

22.CaoY,SunZ,Liaol, MengY, Han Q, Zhao RC: Human adipose tissue-
derived stem cells differentiate into endothelial cells in vitro and improve
postnatal neovascularization in vivo. Biochem Biophys Res Commun, 332
(2):370-379, 2005. DOI: 10.1016/j.bbrc.2005.04.135



