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Abstract

The fine structure of the crypt epithelium of the duodenal mucosa in albino rats was studied to
represent the types and distribution of the basal-granulated or endocrine cells. Twenty male ani-
mals were used. Perfusion-fixation was made and samples of duodenal mucosa were taken and
processed to prepare epon-embedded specimens for examination by a transmission electron mi-
croscope. Cells containing membrane-bound granules were seen in the crypt epithelium. They
were identified to be basal-granulated cells. Six different types of such cells were demonstrated.
All of the cells were of the closed type. The possible functional significance of these closed cell
types was discussed. Correlation among the distributions of such cells in the intestine of albino rat
might enable the physiologists, internists and other research workers to study several biologically
active peptides with well-established functions other than those which have long been investi-
gated.
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1. Introduction

The origin and differentiation of different types of basal-granulated cells in the gastro-enteric mucosa of man
and animals are subjects gaining much popularity in laboratories nowadays. By the use of the Wiesbaden termi-
nology these cells had been identified as enterochromaffin (EC) cells that produce biogenic amines and/or poly-
peptide hormones [1]. The occurrence of such endocrine cells has long been known by many authors [2]-[10].
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As far as their fine structure, the electron microscope has helped in differentiation of their types in tissues taken
from the stomach, duodenum, colon and rectum in man [2]-[7]. Immunocytochemical studies had also been
done to determine the nature of the hormonal peptides liberated by each cell type [11]-[14]. It now seems desir-
able to collect, in addition, morphological data on various species of animals to find the fine cellular structure
and the possible source of hormones of such highly specialized cells. As far as the albino rat is concerned, the
ultrastructural differentiation of the basal-granulated cells in the duodenum is lacking.

In health, enteroendocrine cells (EEC) play multiple roles in the gastrointestinal response to food, coordinat-
ing secretory and motor events to maximise the efficient digestion and absorption of food. They also play a key
function in maintaining epithelial integrity, and contribute to the mucosal innate immune system. An important
further role is the short-term control of food intake [15].

These cells are distributed in the stomach and intestines of vertebrates, 1% of which are present in the intes-
tinal epithelia and represent the largest population of hormone-producing cells in the body [16] and [17]. They
control the secretion, absorption, matility, and proliferation of epithelial cells [18] and [19].

The neuroendocrine cells, dispersed among the epithelial cells of the gastrointestinal tract, together with the
enteric nervous system play a vital role in the function of the digestive system. Great interest in the role of these
endocrine cells and the enteric nervous system increased following the demonstration of their involvement as
neurotransmitters in the regulation of muscular movement, secretion of intestinal glands and control of vascular
permeability of the digestive system [20].

Immunohistochemical studies have been performed to investigate the distribution and relative frequency of
neurons and neuroendocrine cells containing these neurotransmitters and neuropeptides in the gastrointestinal
tract of several mammals including humans [21], horse [22], pigs [23], lesser mouse deer [24] and rat [25] in
order to elucidate their function.

The aim of the present study was, therefore, to represent the distribution profile as well as the fine structure of
the basal granulated cells in albino rat duodenum.

2. Material and Methods

The material was obtained from twenty healthy albino rats free of any obvious disease. All animals were males
with an average weight of 350g. Anaesthesia was made by intraperitoneal injection of 3% solution of chloralhy-
drate; 1 ml/100g body weight. Effective perfusion was done by 3% glutaraldehyde in 0.2 M cacodylate buffer at
pH 7.4 for 10 minutes [26]. After perfusion, samples of the duodenal mucosa were cut perpendicular to the long
axis into 1 mm® pieces, fixed further by immersion for 3 hours in 4% glutaraldehyde and rinsed with sucrose-
cacodylate buffer. The specimens were postfixed in 1% osmium tetroxide, dehydrated and embedded in epon.
Ultrathin sections were prepared, stained with uranyl acetate and lead citrate [27] and examined by a transmis-
sion electron microscope.

3. Results

In all of the specimens examined, cells with secretory granules were dispersed mainly in the epithelium of the
crypts of Lieberkuhn (Figures 1-7).

The granules were of variable shapes and sizes and accumulated usually in the basal parts of cytoplasm. The
fine structure of the different cells revealed some common features. All cells were in direct contact with the bas-
al membranes of the crypts. The nucleus was generally oval. Mitochondria, free ribosomes, rough endoplasmic
reticulum and lysosomes were observed in their cytoplasm (Figures 1-7).

The outline of such basal-granulated cells was variable from one type to another but generally they were cha-
racterized by the presence of electron-dense granules. Differentiation of several types was done on the basis of
the morphology of the granules.

Cell type I: were enterochromaffin cells (EC) as revealed in the electron micrographs by the shape and size of
their secretory granules (Figure I). They constituted the majority of the cells in question. The granules were
concentrated between the nucleus and basal lamina. All of the basal granules were heavily contrasted and of
characteristically rod-like, ovoid, tortuous or kidney shaped (Figure 2).

Cell type I1: were EC-like cells. The granules of this cell type resembled those of type | in shape and electron
density but were seen in the whole cytoplasm (Figure 3).

Cell type Il1: was characterized by medium-sized round granules which vary in electron density (Figure 4).
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Figure 1. An electron micrograph of albino rat duodenal
crypt epithelium showing a part of an enterochromaffin
(EC) cell with dense irregular granules between the nuc-
leus (N) and basal lamina (B). The EC-cell does not reach
the lumen (L). (Mic. Mag. x2600)

Figure 2. A high magnification of a part of an enterochro-
maffin (EC) (arrow) cell from albino rat duodenal epithe-
lium. Note the characteristic rod like or tourtous dense
basal granules (arrows). N = nucleus M = mitochondria.
(Mic. Mag. x10,000)
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Figure 3. An electron micrograph of
albino rat duodenal crypt epithelium
showing a large number of irregular
heavily concentrated secretory granules
seen in the whole cytoplasm. Note that
the cell does not reach the lumen (L) of
the crypt. N = nucleus. (Mic. Mag.
x2600)

Figure 4. An electron micrograph of
albino rat duodenal crypt epithelium
showing another basal granulated cell
(M) with medium even sized round
granules varing in electron density (ar-
row). N = nucleus, ER = rough endop-
lasmic reticulum. (Mic. Mag. x4000)
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Cell type 1V: showed large round granules with homogenous substance. The electron density of the specific
granules was lower than in cell type 1 (Figure 5).

Cell type V: was characterized by small round granules of lower electron density. This type of cells was
slender in shape. The granules were small and in contact with the basement membrane in a small area. Small
mitochondria were seen separating the granules (Figure 6).

Cell type VI: This type possessed few granules of small size and solid appearance. Large electron lucent gra-
nules were also intermingled between the smaller solid ones (Figure 7).

4. Discussion

The occurrence of different types of basal-granulated or endocrine cells in the gastro-enteric mucosa of man and
animals raised the need to study the fine structure of such cells in the albino rats. The morphological features of
these cells are variable from one species to another, but generally they are characterized ultrastructurally by the
presence of secretory granules of variable shape and size. The present study reported the occurrence of six dif-
ferent types of endocrine cells in the albino rat duodenal mucosa. The fine structure of each type had been de-
scribed. All of the cells in question showed variable kinds of different sizable granules of varying electron den-
sity.

Entero-chromaffin (EC) cell was the predominant cell type, with its characteristic rod-like or tortuous gra-
nules. A second cell type with granules that resembled those of the EC but were seen in the whole cytoplasm
(EC-li e cells) was also described. M-cells whose granules appeared medium and even-sized round ones were
identified as a third type. A fourth type showed large, round and dense granules (L-cells). S-cells showed their
granules in contact with the basement membrane in a small area and small mitochondria separating them. A
sixth type with large electron lucent granules intermingled between smaller solid ones was also identified.

Figure 5. An electron micrograph of albino rat
duodenal crypt epithelium showing basal gra-
nulated cells (L) with large round granules of
homogenous substance (arrow). Note again the
cell does not reach the lumen (Lu) of the crypt.
N = nucleus. (Mic. Mag. x4000)



A H. A Ali

Figure 6. An electron micrograph of albino rat
duodenal crypt epithelium showing a basal granu-
lated cells (S) with small granules in a small area
and in contact with the basement membrane (B).
Small mitochondria are seen. Note that the S-cell is
covered by the surrounding crypt epithelial cells.
(Mic. Mag. x5000)

Figure 7. An electron micrograph of albino rat crypt epithelium showing basal
granulated cells (G) with different sizable granules varying in electron density.
The large granules are electron lucent and the small ones are dense and solid. P =
Paneth cell. Note that the part of the G-cell is seen in the field does not reach the

lumen (L). (Mic. Mag. x5000)
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Neuroendocrine cells of the gut are highly specialized mucosal cells that produce a wide range of hormones
with specific regional distribution [18].

It should be taken into account that, in gastric and intestinal tissues of man and all animal species so far ex-
amined in previous studies demonstrated a similar fine structure of such endocrine cells as was reported in the
present study [2]-[10]. But, in contrast to the description given to such cells as open type endocrine cells found
in other animal species as dog and rabbit [5] [8], those basal-granulated cells in the duodenal mucosa of albino
rats were all of the close type cells. All of the cells described in the present study were closed in type as they
were isolated from the lumen of the crypts by other cells covering them. The cells which are closed in type
might receive mechanical stimuli such as pressure and tension caused by meals and passing faeces. While in the
opened type endocrine cells, a different perceptional mechanism postulated that such cells are a kind of chemo-
receptor which might perceive chemical and physiological information from the lumen to control its own secre-
tory activity [28] [29].

The heterogeneity and concentration of neuroendocrine cells in the duodenum may be related to regulation of
the secretion of pancreatic juice and bile as well as to the functional control of the small intestine [30] [31]. In
fact many neurotransmitters and neuropeptides have been identified in the pancreas of the one-humped camel [32].

Differences in the distribution pattern of endocrine cells in the intestinal segments are related to their physio-
logical functions in region or intestinal segments. According to Reference [33], the endocrine cells are mainly
involved in controlling the release of digestive enzymes in the small intestine and in controlling intestinal motil-
ity in the large intestine.

In accordance with the present findings, the ultrastructural differentiation of such a group of basal-granulated
cells in the duodenal mucosa of albino rats might enable the physiologists, internists and other research workers
to study several biologically active peptides with well established functions other than those which have long
been studied [11]-[14]. Correlation between the distribution of such cells in the intestine of albino rats and oth-
ers in the central nervous system of the same animal awaits also classification.

Acknowledgements

I would like to express my very great appreciation to Professor M. Shaaban Farag. Professor and Head of de-
partment of Anatomy & Histology, Salman bin Abdulaziz University, Al Kharj, KSA. | am particularly grateful
for the assistance given by him. He provided me with very valuable experience and enthusiastic encourage-
ment throughout the research.

References

[1] Solcia, E., Pearse, A.G.E., Grube, D., Kobayashi, S., Bussolati, W., Creutzfeldt, W. and Gepts, W. (1973) Revised
Wiesbaden Classification of Gut Endocrine Cells. Rendic. Gastroenterol., 5, 13-16.

[2] Forssmann, W.G.L., Pictet, O.R., Renold, A.E. and Rouiller, C. (1969) The Endocrine Cells in the Epithelium of the
Gastrointestinal Mucosa of the Rat. An Electron Microscopic Study. The Journal of Cell Biology, 40, 692-715.
http://dx.doi.org/10.1083/jcb.40.3.692

[3] Vassallo, G., Solcia, E. and Capella, C. (1969) Light and Electron Microscopic Identification of Several Types of En-
docrine Cells in the Gastrointestinal Mucosa of the Cat. Zeitschrift fiir Zellforschung und Mikroskopische Anatomie, 98,
333-356. http://dx.doi.org/10.1007/BF00346679

[4] Kobayashi, S., Fujita, T. and Sasagawa, T. (1970) The Endocrine Cells of the Human Duodenal Mucosa. An Electron
Microscopic Study. Arch histol jap, 31, 447-494.

[5] Fujita, T. and Kobayashi, S. (1971) Experimentally Induced Granule Release in the Endocrine Cells of Dog Pyloric
Zeitschrift fur Zellforschung und Mikroskopische Anatomie, 116, 52-60. http://dx.doi.org/10.1007/BF00332857

[6] Capella, C. and Solcia, E. (1972) The Endocrine Cells of the Pig Gastro-Intestinal Mucosa and Pancrease. Arch histol
jap, 35, 1-29.

[7] Osaka, M., Sasagawa, T. and Fujita, T. (1973) Endocrine Cells in the Human Jejunum and Ileum. An Electron Micro-
scope Study of Biopsy Materials. Arch histol jap, 35, 235-248.

[8] Fujita, T., Osaka, M. and Yanatori, Y. (1974) Granule Release of Entero-Chrornaffin (BC) Cells by Cholera Entero-
toxin in the Rabbit. Arch histol jap, 36, 367-378.

[9] Osaka, M., Sasagawa, T. and Fujita, T. (1974) Granule Release from Endocrine Cells in Acidified Human Duodenal
Bulb. An Electron Microscope Study of Biopsy Materials. Arch histol jap, 37, 73-94.



http://dx.doi.org/10.1083/jcb.40.3.692
http://dx.doi.org/10.1007/BF00346679
http://dx.doi.org/10.1007/BF00332857

A. H. A. Ali

[10]

[11]

[12]

[13]

[14]
[15]
[16]
[17]

[18]

[19]
[20]
[21]

[22]

[23]

[24]

[25]
[26]
[27]
[28]
[29]

[30]

[31]

Feurle, G.E. and Forssmann, W.G. (1977) Ultrastructural Identification of a New Cell Type—The N-Cell as the Source
of Neurotensin in the Gut Mucosa. Cell and Tissue Research, 184, 445-452.

Bussolati, G., Capella, C., Solcia, E., Vassallo, G. and Vezadini, P. (1971) Ultrastructural and Immunofluorescent In-
vestigation of the Secretin Cell in the Dog Intestinal Mucosa. Histochemie, 26, 281-287.
http://dx.doi.org/10.1007/BF00305655

Sundler, F., Hakanson, R., Hammer, R.A., Alumets, J., Carraway, R., Leeman, S.E. and Zimmermann, E.A. (1977)
Immunohistochemical Localization of Neurotensin in Endocrine Cells in the Gut. Cell and Tissue Research, 178, 313-
321. http://dx.doi.org/10.1007/BF00218696

Helmstaedler, V., Taugner, C., Feurle, G.E. and Forssmann, W.G. (1977) Localization of Neurotensin Immunoreactive
Cells in the Small Intestine of Man and Various Mammals. Histochemistry, 53, 35-41.
http://dx.doi.org/10.1007/BF00511208

Helmstaedler, V., Mihlmann, G., Feurle, G.E. and Forssmann, W.G. (1977) Immunocytochemical Identification of
Gastrointestinal Neurotensin Cells in Human Embryos. Cell and Tissue Research, 184, 315-320.

Moran, G.W., Pennock, J. and McLaughlin, J.T. (2012) Enteroendocrine Cells in Terminal Ileal Crohn’s Disease.
Journal of Crohn’s and Colitis, 6, 871-880. http://dx.doi.org/10.1016/j.crohns.2012.01.013

Rehfeld, J.F. (1998) The New Biology of Gastrointestinal Hormones. Physiological Reviews, 78, 1087-1102

Sternini, C., Anselmi, L. and Rozengurt, E. (2008) Enteroendocrine Cells: A Site of “Taste” in Gastrointestinal Che-
mosensing. Current Opinion in Endocrinology, Diabetes & Obesity, 15, 73-78.
http://dx.doi.org/10.1097/MED.0b013e3282f43a73

Rindi, G., Leiter, A.B., Kopin, A.S., Bordi, C. and Solcia, E. (2004) The “Normal” Endocrine Cell of the Gut: Chang-
ing Concepts and New Evidences. Annals of the New York Academy of Sciences, 1014, 1-12.
http://dx.doi.org/10.1196/annals.1294.001

Drucker, D.J. (2007) The Role of Gut Hormones on Glucose Homeostasis. Journal of Clinical Investigation, 117, 24-
32. http://dx.doi.org/10.1172/JC130076

Ham, T.S. (2002) Regional Distribution and Relative Frequency of Gastrointestinal Endocrine Cells in Large Intestine
of C57BL/6 Mice. Journal of Veterinary Science, 3, 233-238.

Cristina, M.L., Lehy, T., Zeitoun, P. and Dufougeray, F. (1978) Fine Structural Classification and Comparative Distri-
bution of Endocrine Cells in Normal Human Large Intestine. Gastroenterology, 75, 20-28.
Kitamura, N., Yamada, J., Calingasan, N.Y. and Yamashita, T. (1984) Immunocytochemical Distribution of Endocrine

Cells in the Gastrointestinal Tract of the Horse. Equine Veterinary Journal, 16, 103-107.
http://dx.doi.org/10.1111/].2042-3306.1984.tb01870.x

Ito, H., Yamada, T., Hashioto, Y. and Kudo, N. (1987) An Immunohistochemical Study on the Distribution of Endo-
crine Cells in the Gastrointestinal Tract of the Pig. The Japanese Journal of Veterinary Science, 49, 105-114.
http://dx.doi.org/10.1292/jvms1939.49.105

Agungpriyono, S., Yamada, J., Kitamura, N., Yamamoto, Y., Said, N., Sigit, K. and Yamasita, T. (1994) Immunocyto-
chemical Study of the Distribution of Endocrine Cells in the Gastrointestinal Tract of the Lesser Mouse Deer (Tragulus
javanicus). Acta Anatomica, 151, 232-238. http://dx.doi.org/10.1159/000147668

Adeghate, E., Nadas, G., Donath, T. and Parvez, H. (1995) Identification of NADPH (Nitric Oxide Synthase) Positive
Neurons in the Gastrointestinal Tract of the Rat. Biogenic Amines, 11, 389-398.

Forsmann, W.G.,, Ito, S., Weihe, E., Aoki, A., Dym, M. and Fawcett, D.W. (1977) An Improved Perfusion Fixation
Method for the Testis. The Anatomical Record, 188, 307-314. http://dx.doi.org/10.1002/ar.1091880304

Reynolds, E.S. (1963) The Use of Lead Citrate at a High pH as an Electron Opaque Stain in Electron Microscopy.
Journal of Cell Biology, 17, 208-212.

Osaka, M. (1975) Fine Structure of the Basal Granulated Cells in Human Foetal Duodenum. Archivum Histologicum
Japonicum, 38, 307-319.

Kobayashi, S., Fujita, T. and Sasagawa, T. (1971) Electron Microscpe Studies on the Endocrine Cells of the Human
Gastric Fundus. Archivum Histologicum Japonicum, 32, 429-444.

Kitamura, N., Yamada, J., Yamashita, T. and Misu, M. (1982) Endocrine Cells in the Gastrointestinal Tract of Cat as
Revealed by Various Staining Methods. The Japanese Journal of Veterinary Science, 44, 427-431.
http://dx.doi.org/10.1292/jvms1939.44.427

Krause, W.J., Yamada, J. and Cutts, J.H. (1985) Quantitative Distribution of Enteroendocrine Cells in the Gastrointes-
tinal Tract of the Adult Opossum, Didelphis virginiana. Journal of Anatomy, 140, 591-605.



http://dx.doi.org/10.1007/BF00305655
http://dx.doi.org/10.1007/BF00218696
http://dx.doi.org/10.1007/BF00511208
http://dx.doi.org/10.1016/j.crohns.2012.01.013
http://dx.doi.org/10.1097/MED.0b013e3282f43a73
http://dx.doi.org/10.1196/annals.1294.001
http://dx.doi.org/10.1172/JCI30076
http://dx.doi.org/10.1111/j.2042-3306.1984.tb01870.x
http://dx.doi.org/10.1292/jvms1939.49.105
http://dx.doi.org/10.1159/000147668
http://dx.doi.org/10.1002/ar.1091880304
http://dx.doi.org/10.1292/jvms1939.44.427

A H. A Ali

[32] Adeghate, E. (1997) Immunohistochemical Identification of Pancreatic Hormones, Neuropeptides and Cytoskeletal
Protein in Pancreas of the Camel (Camelus dromedarius). Journal of Morphology, 231, 185-193.

[33] Kendzierski, K.S., Pansky, B., Budd, G.C. and Saffran, M. (2000) Evidence for Biosynthesis of Preproinsulin in Gut of
Rat. Endocrine, 13, 353-359. http://dx.doi.org/10.1385/ENDO:13:3:353



http://dx.doi.org/10.1385/ENDO:13:3:353

Scientific Research Publishing (SCIRP) is one of the largest Open Access journal publishers. It is
currently publishing more than 200 open access, online, peer-reviewed journals covering a wide
range of academic disciplines. SCIRP serves the worldwide academic communities and contributes
to the progress and application of science with its publication.

Other selected journals from SCIRP are listed as below. Submit your manuscript to us via either
submit@scirp.org or Online Submission Portal.

tson srefone vt s nsaons ‘:.::( soanune P —— ‘m
’w\ﬁl\ . Advances in A .rlcqn Journal of
ingcfcnme and Biotechnology Ci Creative Education
I P ;{T
}’\f-_\'j N i sas ey ~ _ Inwestment of SO Captals
le |
> | -
=i |
e L 3 :
S ‘T!n"(

il LI B

AL £

Journal of

Modern Physics

{1

R ==

Journal of

Agricultural Sciences

Environmental Protection

Psychology

N

LI

LI e

o s o s O TRl - o
Natural lournallof Cancer Terapy, A Il\merical;dcouhmaluf
i B nalytical Chemistry
Science

I e 1] LT N (m



mailto:submit@scirp.org
http://papersubmission.scirp.org/paper/showAddPaper?journalID=478&utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ABB?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AM?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJPS?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/CE?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ENG?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/Health?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCC?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JMP?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JEP?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AS?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/FNS?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/PSYCH?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/NS?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ME?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCT?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJAC?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper

	Ultrastructural Identification of the Basal-Granulated Cells in the Duodenum of Albino Rat
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	3. Results
	4. Discussion
	Acknowledgements
	References

