
REPRODUCTIVE HEALTH OF WOMAN
РЕПРОДУКТИВНЕ ЗДОРОВ’Я ЖІНКИ 
№5 (76)/2024

ISSN 2708-8723   (print)  
ISSN 2708-8731 (online)

19

Н А  Д О П О М О Г У  Л І К А Р Ю - П Р А К Т И К У

© The Author(s) 2024 This is an open access article under the Creative Commons CC BY license

DOI: https://doi.org/10.30841/2708-8731.5.2024.310389

Enumeration of mast cells in the human umbilical 
cord: implications for coiling patterns
a. I. alsamawi1, S. a. H. al-Sharqi1, H. J. Mubarak2

1College of science, Mustansiriyah University, Baghdad, Iraq 
2Medical College, Al-Nahrain University, Baghdad, Iraq

The abnormal umbilical cord coiling pattern affects the well-being of the newborn in different ways. Moreover the dif-
ferentiation of mast cell according to these patterns may also varies. 
The objective: to investigate the detection and enumeration of mast cells in different patterns in human coiling cords in 
order to explore their effect on the newborn baby health.
Materials and methods. Umbilical cord samples were collected from 105 healthy pregnant women. The cords were col-
lected immediately after labor and kept in formalin (10%), according to coil type. Three major categories of umbilical 
cord coiling (normocoiled, hypercoiled, and hypocoiled) were determined according to the Umbilical Cord Index (UCI).
The histological sections of the umbilical cord were collected according to UCI. This step is followed by using differ-
ent histological stains, including hematoxylin and eosin and toluidine blue stains. The expression of the CD117 mast 
cell population in the umbilical cord tissue was determined using the immunohistochemical method in the subamniotic, 
perivascular and central areas. The enumeration of mast cells was done by direct counting and using Image J software. 
Results. The comparison of mast cell counts using Image J showed statistically significant variations (P<0.05) between 
normocoiled and hypercoiled cords in mast cell populations. No significant changes (P>0.05) were found in mast cell 
counts between normocoiled and hypocoiled umbilical cords. 
Conclusions. The mast cell distribution interpretation suggested that mechanical coiling during embryonic growth affects 
mast cell dispersal in sectioned umbilical cords. This interpretation’s functional relevance should be applied to coiling 
events that do not have harmful outcomes on the fetus. 
Future research could be done on the distribution of mast cells in the abnormally coiled umbilical cords associated with 
negative perinatal outcomes.
Keywords: coiling index, mast cell, umbilical cord.

Тучні клітини у пуповині людини: вплив на характер звивистості
А. і. Алсамаві, С. А. Х. Аль-Шаркі, Г. Д. Мубарак

Аномалії звивистості пуповини по-різному впливають на стан новонародженого. Диференціювання тучних клітин у 
пуповині відповідно до видів її звивистості також може бути різним. 
Мета дослідження: виявлення та підрахунок тучних клітин у пуповині різної звивистості та вивчення їхнього впливу 
на стан новонароджених.
Матеріали та методи. Зразки пуповин були зібрані у 105 здорових вагітних. Пуповини збирали відразу після по-
логів і зберігали у формаліні (10%) відповідно до типу звивистості. За даними індексу звивистості пуповини (ІЗП) 
розрізняли три типи її звивистості – нормальний тип, гіперзвивиста та гіпозвивиста пуповина. 
Гістологічні зрізи пуповини були зібрані відповідно до ІЗП. Цей етап виконано за допомогою використання різних гістологіч-
них барвників, включаючи гематоксилін та еозин і толуїдиновий синій. Експресію популяції тучних клітин CD117 у тканині 
пуповини визначали за допомогою імуногістохімічного методу у субамніотичній, периваскулярній та центральній ділянках. 
Кількість тучних клітин визначали шляхом прямого підрахунку з використанням програмного забезпечення Image J.
Результати. Порівняння кількості тучних клітин за допомогою Image J продемонструвало статистично значущу від-
мінність (P<0,05) у їхній кількості між пуповинами з нормальним типом звивистості та гіперзвивистими пуповинами. 
Не було встановлено значущої відмінності (P>0,05) у кількості тучних клітин між пуповинами з нормальною звивис-
тістю та гіпозвивистими пуповинами.
Висновки. Інтерпретація розподілу тучних клітин засвідчила, що механічна звивистість пуповини під час ембріональ-
ного росту впливає на дисперсію цих клітин у перерізаній пуповині. Функціональна значущість цієї інтерпретації по-
винна застосовуватися до типів звивистості, які не зумовлюють шкідливих наслідків для плода. 
У майбутньому можуть бути проведені дослідження розподілу тучних клітин в аномально звивистих пуповинах, 
пов’язаних із негативними перинатальними результатами.
Ключові слова: індекс звивистості пуповини, тучні клітини, пуповина.

Aristotle, a renowned Greek philosopher from ancient times 
(384–322 BC), initially characterized the umbilical cord 

as the link between the developing fetus and its mother [1]. 
The human umbilical cord is essential for the development, 
well-being, and ability to survive of the fetus. Nevertheless, the 
perinatal period can be influenced by various variables, includ-

ing kinking, compressions, traction, and torsion. The embry-
onic architecture vessels are particularly vulnerable [2]. 

There are around forty helical umbilical coils. Conversely, 
deviations in the umbilical cord length might result in negative 
consequences, including irregular development, complications 
during childbirth, and, ultimately, fetal demise [3].
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Mast cells originate from hematopoietic precursor cells. 
They can differentiate into mast cell progenitors in bone 
marrow and human umbilical cord blood, as demonstrated 
in laboratory settings [4]. Mast cells are acknowledged for 
participating in inflammatory reactions and their correla-
tion with allergies and immunological ailments [5]. The 
regulation of mast cell development, maturation, and ex-
pansion is inherently governed by the activity of a specific 
kind of receptor tyrosine kinase known as KIT (CD117), 
belonging to class III. The protein in question is synthe-
sized by encoding the protooncogene c-kit, and it is note-
worthy that mast cells are the sole cell type that exhibits a 
high level of expression for this particular protein [6]. 

The umbilical cord vessels differ in function and his-
tological structure; they consist of two arteries and one 
vein. The arteries transport the oxygen-depleted blood 
and waste materials from the baby toward the placenta. 
In contrast, the umbilical vein transports the rich in oxy-
gen and nutrition blood in the opposite direction (from 
the placenta towards the fetus) [7]. Throughout the early 
stages of embryonic development, when the gestation pro-
cess occurs, the amniotic sac will form and appear at the 
beginning of the second week, forming layers that enlarge 
into a thin membrane called the amnion. This vital struc-
ture is established in the eighth week of gestation [8].

The superficial subamnioblastic zone is covered by am-
nioblast cells; the Wharton zone, which is located between 
the subamniotic region and the blood vessels; the perivascular 
zone, which surrounds the vessels, and the intervascular zone, 
which is located between the three vessels of the human cord, 
are the four central regions that are typically taken into ac-
count in most reports [9].One of the most prominent physical 
characteristics of the umbilical cord is its helical twist. Screen-
ing for abnormalities in the degree of umbilical cord coiling is 
a straightforward process associated with many unfavorable 
birth outcomes, such as premature birth [10].

The phenomenon of cord coiling has been hypothesized to 
arise from hemodynamic stress or external influences during 
fetal development, including nuchal cords, fetal movement, 
and variations in umbilical vascular growth rates, muscle fiber 
morphology, or genetic factors [11]. The fetus has sufficient 
space for movement and growth due to the amniotic cavity’s 
expansion and the umbilical cords elongation. Wharton’s jelly 
plays a vital role in protecting the umbilical vessels during the 
prenatal period, allowing the fetus to move and rotate freely 
without disrupting its blood flow [12, 13]. 

The coiling characteristic of the umbilical cord was first 
documented by Jacobus Berengarius in 1521. It is charac-
terized by completing an entire 360-degree spiral trajecto-
ry of an umbilical vessel around Wharton’s jelly [2]. UCI 
is a quantitative measure that characterizes the degree of 
coiling in the umbilical cord. It is calculated by dividing 
the number of twists in the cord by its length, expressed 
in centimeters [14, 15]. The average umbilical cord index 
at birth has been determined to be 0.17±0.009 twists/
cm. It has been established that the umbilical cord index 
within the range of 0.07 to 0.30 twists/cm indicates ap-
propriate umbilical cord coiling [16]. As per the classifica-
tion provided by UCI, umbilical cords can be categorized 
into three groups based on their coiling characteristics: 
hypocoiled (UCI < 10th percentile), normocoiled (UCI 

between the 10th and 90th percentile), and hypercoiled 
(UCI > 90th percentile) [17, 18].

The objective: is to objectively investigate the detec-
tion and enumeration of mast cells in different patterns in 
human coiling cords in order to explore their effect on the 
newborn baby health.

MATERIALS AND METHODS
This study was conducted at Department of Obstetrics 

and Gynecology in Al-Kadhimiya Educational Hospital in 
Baghdad during the period from January 2023 to June 2023 
the study samples were collected from 105 healthy pregnant 
women; the umbilical cord samples were collected immedi-
ately after the labor process and kept in formalin (10%) for 
histological and immunohistochemical study, according to 
the coil type of the cord. The total number of samples was 
105; the samples were divided equally into three major cate-
gories (35 samples of normocoiled, 35 samples of hypercoiled, 
and 35 samples of hypocoiled). Determining the umbilical 
cord coiling index necessitates considering two fundamental 
principles pertaining to the dimensions of the umbilical cord. 
This measurement should be conducted promptly following 
the birth of the neonate. 

The first principle involves the measurement of the um-
bilical cord’s length, which can be accomplished using a steel 
measuring tape. 

The second principle quantifies the number of coils within 
the umbilical cord [14, 15]. The umbilical cord coiling index 
can easily be estimated by dividing the total number of coils 
by the total length of the umbilical cord as the equation below:

UCI = (Number of coils)/(Length of umbilical cord in 
Centimeters) 

Tissue samples from umbilical cord after delivery 
were prepared for histopathological studies according to 
Suvarna Kim and her colleagues method [19]. The tissue 
samples first stained with Hematoxylin and Eosin stained 
then an Immunohistochemically staining was carried out 
after formalin had been fixed. 

Paraffin embedded tissue blocks were cut at 5μm thick 
section. All sections deparaffinized in xylene, then de-
creasing grades of ethanol and incubated with phosphate 
buffered saline. The steps of staining protocol with mono-
clonal antibodies toward CD117 from (Gemened, Bio-
technologies, Inc.) as follows:

•	 Step 1: endogenous peroxidase blocking
•	 Step 2: primary antibody incubation
•	 Step 3: poly HRP conjugate incubation
•	 Step 4: substrate / chromogen
•	 Step 5: counterstaining
•	 Step 6: Mounting
The intensity of positive staining with the CD117 

mast cell was graded as:
1.  Negative 0: <25% of mast cells showed positive staining. 
2.  Mild (+1): 25-<50% of mast cells showed positive staining. 
3.  Moderate (+2): 50–75% of cells showed positive staining. 
4. Strong (+3): >75% of cells showed positive staining.
The use of Toluidine Blue solution is frequently observed 

in metachromatic staining, a process that is distinctive for 
cationic or basic dyes. The effectiveness of this staining tech-
nique is influenced by several factors, including the pH level, 
concentration of the dye, and temperature. Metachromatic 
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staining is commonly observed in mast cells, cartilage, cy-
lindrical cells, and mucopolysaccharides, particularly those 
with a high number of sulphate groups. Following the appli-
cation of toluidine blue dye, mast cells in the umbilical cord 
were evaluated using two distinct ways. 

The first method involved directly counting mast cells in 
all three regions of the umbilical cord tissue (namely the sub-
amniotic region, perivascular region, and the central region lo-
cated between the two arteries and the vein) using a Olympus 
light compound microscope, Japan. in an objective manner.

The second method utilized (Image J) software for 
analysis the accurate count of mast cell. All participants 
agreed to provide the investigator with the specimens. 

The ethics committee of College of Science, Mustansiri-
yah University approved this work. Additionally, the article 
costs were borne by the author and his colleagues themselves 
with no external funding sources. The obtained data were 
subjected to analysis of variance (ANOVA) test to compare 
the means of various groups with each other. Results were 
expressed in descriptive analysis. LSD test was used to calcu-
late the significant differences between tested means. 

The indication of no significant differences between 
tested mean (P ≤ 0.05) was considered statically signifi-
cant while values of (P ≥ 0.05) were considered statisti-
cally nonsignificant. The statistical analysis was carried 
out by SPSS version 20.  

RESULTS AND DISCUSSION
The mast cells in the connective tissues are classified ac-

cording to the composition of intracellular secretory gran-
ules [20] and are contributing to tissue repair [21–23]. Mast 

cells progenitor cells expressing cluster of differentiation 
molecule 34 (CD34) in bone marrow and then migrate into 
the circulation as CD34 and CD117 labeled progenitors that 
could penetrate into the tissues and then differentiate into 
a functional tissue-specific mast cells under the influence of 
various cytokines [24]. It was reported that mast cells are 
occasionally seen in the connective tissue of the umbilical 
cords, in addition to fibroblast – like cells [25]. 

The topography of mast cells was described to be more 
massively found around the umbilical vessels, however, 
the number of mast cells in the human umbilical cord was 
not definitely reported. In this study, the topographic dis-
tribution and density of mast cells regarding the correla-
tion with coiling index were the goals to reveal the mast 
cells functions in the normal and abnormal coiled cord. 
The mast cells could not be clearly examined in the cord 
sections stained with hematoxylin and eosin, the immu-
nohistochemical CD117 labeling enabled enhanced vi-
sualization of these cells, a result that was supported by 
previous articles [6]. 

The normocoiled cords involved in this study showed 
considerable assembly at the perivascular connective tissue, 
figure 1, moreover the peripheral connective tissue (deeper 
to the subamniotic layering) showed also fair number of 
mast cells which was subjectively to a lesser comparable 
number than the perivascular regions, figure 2. While the 
sectioned hypercoiled cord showed greater assembly of 
mast cells at the subamniotic layering and the central core 
regions of the sectioned cord as shown in figure 3.

The hypocoiled cords showed subjective uniformity 
of mast cells distribution in both the subamniotic and pe-

Fig. 1. Mast cell distribution in perivascular region of umbilical cord (H&E) A.(X4), B.(X10)

Fig. 2. Mast cell in subamniotic tissue of umbilical cord (H&E) (X4)
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ripheral connective tissue, that were less in assembly com-
pared to the perivascular and central connective tissues of 
these cords as it indicates in figure 4. 

The subjective evaluation of CD117 labeled mast cells 
allocation may suggest that the mast cells migrate from 
the umbilical vessels in the normocoiled cord and thus as-
sembled around these vessels and in the peripheral con-
nective tissues to the outside of these vessels. It seems that 
hypercoiling may introduce mechanical compression on 
the umbilical vessels and thus impeding extravasation of 
mast cells and deviating the precoiling extravasated mast 
cells to the subamniotic and central connective tissues. 

The mechanical laxity associated with hypocoiling 
maintained extravasation of mast cells that aggregate in 
all parts of these cord with greater number adjacent to the 
vessels compared to the periphery.

Therefore, the above interpretation of mast cells distri-
bution suggested that the distribution of mast cells in the 
sectioned umbilical cords involved in this study is affect-
ed by the mechanical influence of coiling occurring dur-
ing embryonic development. According to the criteria of 
sample collection in this study, the functional significance 
of this interpretation should be applied for the coiling 
phenomena that do not have harmful sequels on the fetus. 

Future researches could be done on the distribution 
of mast cells in the abnormally coiled umbilical cords as-
sociated with bad perinatal outcome. A comprehensive 
histological analysis was conducted on umbilical cord tis-

sue samples representing normocoiling, hypercoiling, and 
hypocoiling patterns. This analysis involved the usage of 
an immunohistochemical technique to facilitate the detec-
tion of the cellular population (CD 117 mast cell) in um-
bilical cord tissue as shown in figure 5.

The intensity of CD117 mast cell expression in um-
bilical cord tissue of the three coiling cord types (Nor-
mocoiled, Hypercolied, and Hypocoiled) in three criti-
cal regions of the umbilical cord sections, namely the 
subamniotic region, perivascular region, and the central 
region located between the two arteries and the vein, 
were observed in the figure 6 and also in tables 1, 2 and 
3 below.

Fig. 3. Cross section in hypercoiling umbilical cord labelled with CD117 showed the subamniotic mast cell (H&E) (X4)

Fig. 4. Cross section in hypocoiling umbilical cord showed the prevalence of mast cells in the perivascular & central 
region (H&E) A. (X4), B. (X10)

Fig.5. Cross section in Umbilical cord showed mast cells 
(arrowheads) with granules in cytoplasmic (X40)
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Correspondingly, this analysis involved the appli-
cation of a specialized toluidine blue stain to facilitate 
the identification and enumeration of mast cells in the 
three coiling types of the umbilical cord. The enumera-
tion was done using the (Image J) software as a second 
and conformation technique for the previous work done 
using the CD117.The comparative analysis of mast cell 
counting using (Image J) in all three umbilical cord 
types revealed that there was a significant difference (P 
< 0.05) in mast cell numbers between the normocoiled 
and hypercoiled cords as it shown in table 4, Neverthe-
less, there were no significant difference (P > 0.05) in 
mast cell numbers in the comparison showed between 
the normocoiled and hypocoiled umbilical cord as 
shown in table 5.

Fig. 6. Immunohistochemical staining method detection of CD117 mast cells in the Umbilical cord showed: (A) 
Strong (+3) positive cytoplasmic expression. (B) Moderate (+2) positive cytoplasmic expression (C) Mild (+1) positive 
cytoplasmic expression (D) Negative (0) expression (A&D, X4-B&C, X10)

Center 
region

No. (%)

Perivascular 
region

No. (%)

Subamniotic 
region

No. (%)

Grade /
Intensity 
of CD117

0 (0)0 (0)16 (45.71)0

15 (42.85)9 (25.71)19 (54.28)+1

12 (34.28)15 (42.85)0 (0)+2

8 (22.85)11 (31.42)0 (0)+3

353535Total

Results are expressed as a percentage.

Table 1
Intensity of CD117 mast cell expression in umbilical cord 

tissue of normocoiled

Center 
region

Perivascular 
region

Subamniotic 
region

Grade /
Intensity of 

CD117

0 (0)0 (0)27 (77.14)0

23 (65.71)4 (11.42)8 (22.85)+1

12 (34.28)20 (57.14)0 (0)+2

0 (0)11 (31.42)0 (0)+3

353535Total

Results are expressed as a percentage.

Table 2
Intensity of CD117 mast cell expression in umbilical cord 

tissue of hypocoiled

Center 
region

Perivascular 
region

Subamniotic 
region

Grade /
Intensity of 

CD117

12 (34.28)8 (22.85)4 (11.42)0

23 (65.71)27 (77.14)21 (60)+1

0 (0)0 (0)4 (11.42)+2

0 (0)0 (0)6 (17.14)+3

353535Total

Results are expressed as a percentage.

Table 3
Intensity of CD117 mast cell expression in umbilical cord 

tissue of hypercoiled

Mast cell count

Statistic Normal Hyper

Number of samples 35 35

Mean 27.5 20.7

Std. Error of Mean 1.827 1.832

Median 27.5 19.5

Std. Deviation 5.77 5.79

Minimum 19 13

Maximum 35 31

P value 0.05

Table 4 
Enumeration of mast cells in Normocoiled and 

Hypercoiled umbilical cord

Mast cell count

Statistic Normal Hypo

Number of samples 35 35

Mean 27.5 24.5

Std. Error of Mean 1.827 1.002

Median 27.5 25

Std. Deviation 5.77 3.17

Minimum 19 19

Maximum 35 29

P value NSIG

Table 5  
Enumeration of mast cells in Normocoiled and 

Hypocoiled umbilical cord
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CONCLUSIONS
The interpretation of mast cells distribution sug-

gested that the dispersal of mast cells in the sectioned 
umbilical cords involved in this study is affected by the 
mechanical influence of coiling occurring during embry-
onic development. According to the criteria of sample 
collection in this study, the functional significance of 
this interpretation should be applied for the coiling phe-
nomena that do not have harmful sequels on the fetus. 

Future researches could be done on the distribution of 
mast cells in the abnormally coiled umbilical cords as-
sociated with bad perinatal outcome.
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