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ABSTRACT

Introduction: In human beings the thyroid gland is one of the
largest differentiated endocrine gland. The function of thyroid
gland is to promote growth and development of the brain during
foetal life and for the first few years of post-natal life.

Aim: To study the histological features of thyroid gland in human
Foetuses of different gestational age.

Materials and Methods: Thyroid glands were dissected in 40
spontaneously aborted normal human Foetuses fixed in 5%
formalin with gestational age ranging from 11 weeks to 38
weeks. After tissue processing, paraffin blocks were prepared.
All sections were stained with Haematoxylin-Eosin. The sections
of first two groups of this study (upto 16 weeks) were also
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stained with PAS to confirm the colloid.

Results: Process of arrangement of thyroid follicles begins from
13" week onwards with gradual increase in their number and size.
First appearance of colloid in follicles (Thin rim) was observed
at 14" week and was confirmed by PAS. Thickness of capsule
and vascularity of the gland increased with advancement of
gestational age. Parafollicular cells or C cells were found after
17" week of gestation.

Conclusion: In the present study, pre-colloidal stage was
seen before 13 weeks and linear but partially overlapping
developmental stages like folliculogenesis, colloid formation
and maturation of follicles were observed after 14" week of
gestation.

Keywords: Colloid, Follicles, Folliculogenesis, Hormone, Precolloid, Secretory

INTRODUCTION

Thyroid gland is the first endocrine glandular structure to be
differentiated and start to develop about 24 days after fertilization
[1]. The thyroid hormones are necessary for regulating the basal
metabolic rate, somatic growth, psychic growth, calcium metabolism
and circadian rhythm [2]. Hypothyroidism is the most common
disorder of the endocrine system seen in approximately 1 in 3500
children and affects the normal psychosomatic growth [3].

The development of foetal thyroid function is dependent on the
embryogenesis, differentiation and maturation of the thyroid gland.
The serum Thyroid Stimulating Hormone (TSH) is detectable at 12
weeks and peaks maximum between 18-22 weeks [4].

The development of thyroid gland is coupled with evolution of the
hypothalamic-pituitary-thyroid axis and thyroid hormone metabolism,
resulting in the regulation of thyroid hormone action, production and
secretion [5].

In a normal physiological state, the gland histology presents with
round or oval follicles. The bigger follicles in the peripheral and
smaller ones are situated in the central zone of the gland. The walls
of the follicles are lined with one layer of cuboidal epithelium. This
fluctuates in height based on the functional status of the gland.
In the lumen of the follicles there is an eosinophilic, homogenous
colloid, containing resorptive vacuoles [6,7].

The functional activity of thyroid gland can be correlated with
structural changes in thyroid gland. Hence the present study was
undertaken to assess the histogenesis of thyroid gland by noting
various changes in the capsule, size of peripheral and central
follicles, appearance of colloid and amount of colloid in thyroid
follicles of dead human Foetuses of different gestational age.

MATERIALS AND METHODS

This was a cross-sectional study. Forty spontaneously aborted dead
human Foetuses with gestational age ranging from 11 weeks to 38

Journal of Clinical and Diagnostic Research. 2018 Oct, Vol-12(10): AC05-AC08

weeks were collected from Bharati Vidyapeeth Medical College and
Hospital, Sangliand other private hospitals with the kind permission of
the concerned authorities, consent of parents and Ethical committee
approval number BVDUMC&H/Sangli/IEC/Dissertation/2013-14/66.
The Foetuses were collected over the period of four years (From
Oct. 2013 to Oct. 2017). Dead aborted and still born normal human
Foetuses were included. Twins and Foetuses with gross congenital
anomalies as well as mothers having metabolic or hormonal disorder
were excluded. The gestational age was estimated by using Crown
Rump Length (CRL) and foot length confirmed by referring Last
Menstrual Period (LMP). These Foetuses were divided into six groups
according to their gestational age [Table/Fig-1].

Groups Crown Rump length | Foot length Gestational Number of

(cm) (cm) age Foetuses
| 7.5-11.5 0.8-1.9 11-13 Weeks 03
Il 12.5-14.7 2.2-2.5 14-16 Weeks 03
Il 15.7-18.8 3.0-3.9 17-20 Weeks 14
% 19.5-24 4.2-5.2 21-25 Weeks 12
\ 25-30 5.8-6.5 26-32 Weeks 05
\Yl 31-38 6.8-7.5 >33 Weeks 03

[Table/Fig-1]: Groups according to Gestational Age.

The fixation of the Foetuses was done by injecting 5% formalin
locally at various sites with the help of 10 mL syringe and needle in
abdominal, thoracic, cranial cavity and subcutaneously in the upper
and lower limbs. After injecting formalin, Foetuses were kept in 5%
buffered formalin filled glass jars for 10 days before dissection.

The Foetuses were dissected by making midline incision on the
anterior aspect of neck. The infrahyoid muscles were separated and
the bi-lobed thyroid gland was removed. The tissue slices of 3-4
mm thickness were taken and fixed with Bouins fluid for 24 hours.
The tissue was passed through graded alcohol (50%, 70%, 80%,
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90% and absolute alcohol) for dehydration. Clearing was done by
using two changes of xylene at 1 hour each. Embedding of tissue
was done in paraffin wax for two changes (melting point 56°C) of
one hour each. The paraffin blocks were made by using L moulds.
The sections were cut at 5 um thickness by using rotary microtome.
The ribbons of sections were thrown on the surface of warm water
in tissue floating bath then sections were taken on slides coated
with egg-albumin. Slides were kept for drying on a hot plate at 40°-
50° C for 2 hours or more as per requirement.

Staining Procedure

1. PAS stain: PAS satin was used for colloid confirmation in the
Foetuses of group | and group Il. Paraffin was removed with
xylene followed by graded alcohol (100%, 90%, 70% and
50%). Then the sections were oxidized with periodic acid for 5
minutes and then rinsed in several changes of distilled water.
The sections were covered with Schiff reagent for 15 minutes
and then rinsed under running tap water for 5-10 minutes.
Heamatoxylin was used to stain nuclei followed by bluing.
Sections were washed with alcohol, cleaned with xylene and
mounted with DPX.

2. Haematoxylin and Eosin: Paraffin was removed with xylene
followed by graded alcohol (100%, 90%, 80%, 70% and 50%.
Then the sections were stained with haematoxylin solution.
Excess stain was removed by dipping into acid alcohol for a
few seconds followed by bluing. Counter staining was done
with eosin. Sections were washed with alcohol, cleared with
xylene and mounted with DPX.

The slides were observed under light microscope and the following
points were noted:

e Histogenesis of thyroid gland as precolloid stage, colloid
formation stage, folliculogenesis stage and secretory activity
stage along with development of the capsule.

e  Size of the follicle was measured by using stage micrometer and
eyepiece reticle at 45x magnification. The line of micrometer
scale coinciding with line of micrometer eyepiece was observed
and the value of equidistant line was decided. On calculation, 1
division of micrometer eye piece was 4 pm. By using this scale
diameters of peripheral thyroid follicles (A) and central thyroid
follicles (B) were calculated at 10xs by 40xs.

e  The nature, amount of colloid content of the follicle and stroma
at different stages of development.

The sections were observed under a CX21i Biological microscope
and the images were captured with Olympus CCD camera
(U-TV0.5XC-3). Processing of images was done with Magnus Pro
3.7 software and analysed.

RESULTS

Histology of thyroid gland was studied at different gestational age:

Group I: 11-13 weeks [Table/Fig-2]

The gland was covered by thin capsule. In this group, the centre of
the gland showed large number of clusters and cords of epithelial
cells (Arrow). At some places oval to round follicles were observed
[Table/Fig-2a]. The lining epithelium was cuboidal with darkly stained
nucleus. At the periphery of the gland, 30-35 um diameter follicles
were noted. Colloid was not found at this stage which was confirmed
by PAS staining [Table/ Fig-2b]. So this is precolloid stage.

Group Il (14-16 weeks) [Table/Fig-3]

The capsule of gland showed increase in thickness and
vascularity. The septa divided the gland into incomplete lobules.
Along with septa blood vessels invaded the gland. The follicles
showed progressive differentiation inwards from periphery of the
gland [Table/Fig-3a]. The central core of the gland still contained
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[Table/Fig-2]: Photomicrograph showing thyroid gland with precolloid stage, at 13"

weeks under 45X, (2a-H&E) and (2b-PAS). Arrow shows cords and nests or clusters
F - Follicle.

clusters and cords of epithelial cells and very few follicles were
seen. The shape of follicles was round to oval surrounded by rich
network of blood vessels. Follicular cells were simple cuboidal
with darkly stained nuclei. Thin rim of colloid was present in few
developing follicles [Table/Fig-3b,c]. Sinusoids were present
between the follicles. PAS staining showed PAS positive colloid
in peripheral follicles [Table/Fig-3c]. At the periphery of the gland,
the diameter of the follicles was 40-60 pm and that of central
follicles was 20-40 pm. This is colloid formation stage.

colloid stage, at 14" weeks under 10X (a); and 45X (B&C). Arrow shows: 1) Capsule;
2) Septa with blood vessels; 3) Clusters and cords of epithelial cells; 4) Rim of colloid
[EEE

Group lll: 17-20 weeks [Table/Fig-4]

In this stage, capsule was well developed with increased vascularity.
The peripheral and central core of the gland showed increased
number of follicles than previous stage. In the central core of the
gland, developing follicles were seen which were very small in size
with or without a lumen. Sinusoids were abundantly present. Hence,
this stage was considered as folliculogenesis stage [Table/Fig-4a].
Colloid was seen in almost all follicles but prominent in peripheral
follicles with intrafollicular vacuoles [Table/Fig-4b]. The parafollicular
cells or C cells were noted [Table/Fig-4b]. At the periphery of the
gland, the diameter of the follicles was 60-115 pm and that of
central follicle was 40-60 pm.

[Table/Fig-4]: Photomicrograph showing thyroid gland with folliculogenesis stage, at
20" week under 10X (a); and 45X (b) respectively (H&E). Arrow shows, Parafollicular or
C cells.

Group IV: 21-25 weeks [Table/Fig-5]

In this stage the capsule and septae were well defined. The thick
connective septa along with blood vessels were seen invading
the gland. More number of mature thyroid follicles was seen in
the Foetuses of this group [Table/Fig-5a]. The epithelial cells were
cuboidal with centrally placed nucleus. Vascularity was increased
amongst the follicles. Some follicles showed irregular eroded
colloid with vacuoles in it [Table/Fig-5b]. The presence of colloid
and its affinity with acidic dye, the secretory activity of the gland
is more at this stage of development [Table/Fig-5a). Hence this
stage was considered as secretory stage. At the periphery of the
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gland, the diameter of the follicles was 120-210 pm and that of
central follicle was 80-100 um. The parafollicular cells or C cells
were noted [Table/Fig-5b].

[Table/Fig-5]: Photomicrograph showing thyroid gland with secretory stage, at
25" week under 10X (a); and 45X (b) respectively (H&E). Arrow shows: 1) Irregular
eroded colloid with vacuoles; 2) Parafollicular or C cells

Group V: 26-32 Weeks [Table/Fig-6]

In this group, the thyroid gland show increased number and size of
follicles with darkly stained colloid material [Table/Fig-6a]. In some
follicles, colloid appeared irregular and eroded in the portion alongside
the follicular cells. At the periphery of the gland, the diameter of the
follicles was 120-220 pm and that of central follicle was 60-100 pm.
The parafollicular cells or C cells were noted [Table/Fig-6b].

[Table/Fig-6]: Photomicrograph showing thyroid gland with increased vascularity
at 30" weeks under 10X (a); and 45X (b) respectively (H&E). Arrow showing: 1) Thick
capsule; 2) Septa with blood vessels; 3) Parafollicular cells or C cells.

Group VI: >33 Weeks [Table/Fig-7]

In this group, throughout the gland the vascularity was increased.
Follicles were full of colloid material in the lumen. This stage shows
increased synthesis as well as excretory activity of the gland. The
histological picture of the thyroid gland was more or less similar
to that of adult [Table/Fig-7a,b]. At the periphery of the gland, the
diameter of the follicles was 110-250 pm and that of central follicle
was 60-120 pm.

[Table/Fig-7]: Photomicrograph showing the histological picture of the thyroid
gland at 38" weeks under 10X (a); and 45X (b) respectively (H&E) similar to that of
adult. Arrow shows parafollicular or C cells.

DISCUSSION

At 121" week, the capsule was thin with small number of blood
vessels but as age advances, the capsule became thick and its
vascularity also increased. This observation was similar with the
observation of human thyroid studies of Ham AW et al., [8].
According to Potter EL, during the development of human thyroid
gland, initial cord like arrangement of epithelial cells gets organized
to form small follicles which are filled with an acidophilic material
called as colloid. At birth epithelial cells lining the follicle contain
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a small nucleus surrounded by moderate amount of colourless
cytoplasm. The cytoplasm often bulges into the lumen of the gland,
producing a scalloped margin for the colloid. The largest follicles are
located at the periphery of lobule [9].

The differentiation of thyroid follicles started from the periphery of
the gland and extended centrally, as the periphery of the gland is
more vascular than the central part throughout the gestational age
of Foetuses. These findings were similar to the observation reported
by Potter EL [9].

Thin rim of colloid appeared in the developing follicles of 10-
17 weeks Foetuses and increased as gestational age advanced
[10]. Similar findings were observed in group Il in this study.

Hamilton noted the follicular stage at 14" week of gestation
or late. Bocian-sobkowska J et al., noted that, the stage of
massive folliculogenesis and gradual accumulation of colloid
appeared between 10"-18" week. Gaikwad JR observed that
the folliculogenesis stage was more prominent between 14"-20"
week stages of foetal thyroid. Anupriya A et al., observed that
folliculogenesis was very well established between 11-22 weeks.
In the present study, folliculogenesis stage was observed between
131-20" week [6,10-12].

Mitskavitch MC observed that the presence of colloid in the follicle,
its affinity with acidic dyes, clear vacuoles in the colloid. The apical
position of nuclei is considered as indicative of the secretory activity
of the follicular stage [13].

According to Gaikwad JR the secretory activity of the gland was
more at 20"-24" week. Whereas, it was found that the secretory
activity was more prominent between 20™"-25" weeks [6].

Arthur WH reported that the colloid is often seen to have shrunken
away from the follicular epithelium in such a way as to present a
serrated rather than a smooth outline, when the gland is active [14].
this study correlated with above findings.

In present study from 25" week onward, the colloid appeared
irregular and eroded at periphery along the apices of follicular
cells of the thyroid gland. Similar observations were also noted by
Junqueira IC et al., [15].

Shepard TH et al., observed that human foetal thyroid gland having
same age group showed different stages of maturity of thyroid
follicles; even mature follicles were not developed in some areas
of full term Foetuses [7]. Such immature follicles were also seen in
group V and VI Foetuses of this study especially in central region
of the gland. Brown R et al., reported that full maturation of thyroid
follicles occur at 36-40 week [16].

Hamilton divided the maturation of thyroid follicles into 3 stages:

1. The precolloidal stage- 7-13 weeks

2. The colloid formation stage —(65-80 mm CRL) — 13 to 14 weeks
3. The follicular stage (after 80 mm CRL) 14 wks onwards [10].

LIMITATION

The limitation of this study was the constricted range of gestational
age of foetuses from 11th to 38th weeks. Hence, it cannot be
commented how the early developmental changes must have
appeared in the foetuses before 11 weeks.

CONCLUSION

In present study of histogenesis of thyroid gland, Precolloidal stage
was seen before 13" week and linear but partially overlapping
developmental stages like folliculogenesis, colloid formation and
maturation of follicles were observed after 14" week of gestation.
The present study would help the clinicians to understand the
development and correlate with histopathological changes in certain
thyroid gland disorders.



Anandi Neel Bande et al., Histogenesis of Thyroid Gland in Human Fetuses of Different Gestational Age

REFERENCES

01
[
[31
[41

(5]
[6]
[71
(8]

Moore KL, Persaud TV. Before We Born: Essentials of Embryology and Birth
Defects. Thyroid gland. 7th edition USA: Saunders Elseveir. 2008;109-111.
Kratzsch J, Pulzer F. Thyroid gland development and defects. Best Pract Res
Clin Endocrinol Metab. 2008;22(1):57-75.

Schoenwolf, Bieyl, Brauer, Francis-west. Larseen’s Human Embryology. Thyroid
gland, 5th edition, Saunders Elseveir, 2001;461-462.

Sylvia LA, Kalman K, Ferenc AL, Istvan D, Calvin E. Human F, et al
Adenohypophysis histological and immunolocytohemical  analysis.
Neuroendocrinology. 1986;34:308-16.

Patel J, Landers K, Li H, Mortimer RH, Richard K. Thyroid hormones and foetal
neurological development. Journal of Endocrinology. 2011;209:1-8.

Gaikwad JR, Dope SA, Joshi DS. Histogenesis of developing human thyroid.
Indian Medical Gazette. 2012;57-61.

Shepard TH, Andersen H, Andersen HJ. Histochemical studies of the human
foetal thyroid during the first half of foetal life. Anat Rec. 1964;149:363-79.

Ham AW and Carmack DH. Histology, 8th edition. J B Lippincott company.
Philadelphia and Toronto. 1979:801-802.

[9]
[10]
[11]

[12]

3]

[14]
[15]

[16]

www.jcdr.net

Potter EL. Pathology of the Fetus and the Infant. Thyroid gland. 2nd edition,
Chicago Year Book Medical. 1961;320-323.

Anupriya A, Kalpna R. Morphological and histological features of human foetal
thyroid gland. Int J Sci Stud. 2016;3(10):136-40.

Hamilton WJ, Boyd, Mossman HW. Thyroid Gland. Human Embryology, 5th
edition. London, Williams and Wilkins Company. 1971;323-326.
Bocian-Sobkowska J, Wozniak W, Malendowicz LK. Morphometric studies on
the development of human thyroid gland Il. The late foetal life. Histol Histopathol.
1997;12:79-84.

Mitskavitch MC. Glands of intestinal secretion in the developing birds and
mammalian embryos. A publication of the Academy of Sciences of Moscow,
USSR. 1957.

Arthur WH. The System of Endocrine Glands. Histology, 6th edition, Philadelphia
and Toronto, JB Lippincott Company. 1969;810-856.

Junqueira LC, Carneivo J. Basic Histology, Text and Atlas, 11th edition. McGraw
Hill Company. 2005;411-15.

Brown RS, Larson PR. Thyroid gland development and disease in infancy and
childhood. In: Thyroid Disease Manager, Philadelphia, Saunders. 2005;11-19.

PARTICULARS OF CONTRIBUTORS:
Tutor, Department of Anatomy, Bharati Vidyapeeth (Deemed to be University) Medical College and Hospital, Sangli, Maharashtra, India.

Professor, Department of Anatomy, Krishna Institute of Medical Sciences, Karad, Maharashtra, India.

Professor, Department of Anatomy, Bharati Vidyapeeth (Deemed to be University) Medical College and Hospital, Sangli, Maharashtra, India.
Associate Professor, Department of Anatomy, Bharati Vidyapeeth (Deemed to be University) Medical College and Hospital, Sangli, Maharashtra, India.
Professor, Department of Anatomy, Bharati Vidyapeeth (Deemed to be University) Medical College and Hospital, Sangli, Maharashtra, India.

S

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Anandi Neel Bande,

Tutor, Department of Anatomy, Bharati Vidyapeeth Deemed University Medical College and Hospital, Sangli, Maharashtra, India.

E-mail: anandibande@gmail.com

FINANCIAL OR OTHER COMPETING INTERESTS: None.

Date of Submission: Dec 23, 2017
Date of Peer Review: Jan 15, 2018
Date of Acceptance: Jul 20, 2018
Date of Publishing: Oct 01, 2018

Journal of Clinical and Diagnostic Research. 2018 Oct, Vol-12(10): AC05-AC08



