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Altered Chief Cell Morphology in the Gastric
Gland of Streptozotocin-Diabetic Rats

Morfologia Celular Principal Alterada en la Glandula
Gastrica de Ratas Diabéticas con Estreptozotocina
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SUMMARY: Diabetes mellitus (DM) is a metabolic disorder with rising incidences worldwide. Gastric symptoms of DM have
been reported, including nausea, vomiting, bloating, and epigastric pain. Moreover, acute to chronic gastritis and dtitipbizcgas
in DM can affect the chief cells of the gastric gland. Chief cells are vital because of their ability to digest and seypaira®a from
protein. Lack of vitamin B12 leads to impaired DNA synthesis and abnormal metabolism in red blood cells, and eventually leading
pernicious anemia. Furthermore, decreased vibratory and positional senses, numbness, ataxia with subacute combined dedeneration
dementia are present in pernicious anemic patients. Twenty-four male adult Sprague-Dawley rats were used in this studgréhe rat
divided into control (n = 12) and diabetic (n = 12) groups. The rats were further separated into two categories: share¢dshdad
long-term (24 weeks) groups. DM model was induced by manually injecting intraperitoneally with streptozotocin in citraaé duffer
dose of 60 mg/kg body weight. The same amount of buffer was injected into the control group. After sacrifice, three tbgions of
stomach (the cardia, body, and pylorus) were dissected. Histopathology was performed by staining with toluidine bluelysisige ana
was used to quantify the zymogen granule accumulation in chief cells. The data were compared between the control ané&u rats in
period using Student's t-test. In addition, transmission electron microscopy (TEM) was also used to examine the ultrateretures
was a significant decrease in the percentage of zymogen granules in DM rats. Under TEM, the destructions of mitochondria, rough
endoplasmic reticulum, and Golgi apparatus in the DM rat were observed in the chief cells. In rats with uncontrolleditbabéses,
damage to the chief cells all over the area of the stomach, affecting digestion and malabsorption of vitamin B12. Tlerefark, th
helps clinicians recognize that diabetic patients with gastric symptoms may have hidden pernicious anemia.
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INTRODUCTION

Diabetes mellitus (DM) is an increasing comorbidityet al, 2013). DM can also lead to gastritis in three phases.
of metabolic syndrome. There are many types of diabet&he first phase is acute gastritis which contains two steps:
including types 1 and 2, which are the most common amosgperficial erosions and mucosal erythema with edema. The
diagnosed patients (Sabatine, 2020). If the blood glucosecond phase is chronic gastritis which causes depressed
level is not kept within the normal or acceptable range, theucosal lesion appearances. The third phase is atrophic gas-
patient may inevitably have poor control of DM andritis that gastric glandular cells are lost and replaced by
consequently may suffer from complications. DMfibrous tissue (Longet al, 2013). It has been reported that
complications have been reported in the respiratiothe prevalence of vitamin B12 deficiency in DM occurs at
endocrine, and gastrointestinal systems, (Bagtnali, 2021; 5.8-52 % (Kwapeet al, 2021). Stomach gastritis occurs
Chooklianget al, 2021; Lerkdumnernkit al, 2022). Most  together with the incidence report of vitamin B12 deficiency
diabetic patients with diabetic gastropathy (75 %) experieng® DM. That is probably related to the fact that DM causes
a variety of gastrointestinal symptoms, including abdomdamage to the glandular tissue and chief cells involved in
nal bloating, nausea, vomiting, and epigastric pain (Krishnahe digestion of proteins to differentiate vitamin B12.
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Generally, chief cells occupy the gastric gland in alliabetic stomach (cardia, body, and pylorus) related to their
regions, such as the cardiac gland, gastric gland propmnctions have not been described. It is interesting to com-
and pyloric gland. Chief cells produce and secrefgre and determine the percentage of zymogen granules by
pepsinogen and pepsinogen is activated by HCI froosing quantitative analysis. Moreover, the ultrastructural
parietal cells into pepsin (an active enzyme) (Baetedt, changes using transmission electron microscopy (TEM) of
2010; Costanzo, 2015). Pepsin can digest and isolale chief cells in STZ-diabetic disease model in short and
vitamin B12 from protein. Then, vitamin B12 binds withlong periods were also investigated. This study provides an
the R protein secreted from the salivary gland in thenderstanding of the percentage of zymogen granules and
stomach; whereas in the small intestine, vitamin B12 bind$irastructural alterations of chief cells related to their
with an intrinsic factor (IF) secreted from the parietal cell&inctional impairments during DM progress. Furthermore,
of the gastric gland. At the terminal ileum, IF releasethe present study raises awareness of Gl complications as
vitamin B12 into intestinal cells. Finally, vitamin B12 bindswell as hematologic and neurologic complications to improve
to transcobalamin Il and is transported to the liver via thiee quality of life in DM patients.
portal vein (Barrettet al, 2010; Longoet al, 2013;

Costanzo, 2015). Vitamin B12, or cobalamin, a cofactor of
methionine synthase, has three major reactions. The fiMATERIAL AND METHOD
reaction is a conversion of methylmalonic acid to succinyl-
CoA. The second reaction is the conversion of
homocysteine to methionine. The third reaction is th&nimal preparation. Twenty-four male adult Sprague-
conversion of methyl H4-folate to H4-folate (Barettal, Dawley rats, weighing 200-230 g, were used. They were 6—
2010; Longoet al, 2013; Costanzo, 2015; Greenal, 8 weeks old. The National Laboratory Animal Center at
2017). In DM patients, it was found that the stomach hadahidol University in Thailand provided the animals for all
diseases ranging from gastritis to atrophic gastritisf the experiments. The animals were cared for according
(Krishnanet al,, 2013; Longcet al, 2013). This condition to the "Guide for the Care and Use of Laboratory Animals,"
inevitably affects the chief cell, resulting in cell damageyhich was approved by the Siriraj Animal Care and Use
cell death, and decreased in cell number, which also affeBtotocol at Mahidol University in Thailand (COA No. 001/
the production and secretion of pepsinogen. Therefor2564). Each was placed in a clean, isolated cage and treated
vitamin B12 cannot be collected and extracted from proteatcording to a timetable (Baingtial, 2021; Chookliangt
if the chief cell is deceased, dysfunction, or unable to break, 2021; Lerkdumnernkieét al, 2022). In addition, they
the protein. In DM, vitamin B12 deficiency can inhibithad access to water and a typical lab meal during the
methionine synthase activity, increase methylmalonic acieixperiment.
increase homocystinuria, and increase the folate trap (as
methyltetrahydrofolate). In erythropoiesis, the folate trafTZ induction. The animals were assigned to two groups
can cause ineffective DNA synthesis of red blood celk random to form STZ-induced diabetes and control groups.
(Barrettet al, 2010; Longcet al, 2013; Costanzo, 2015; A single intraperitoneal injection of STZ at a dose of 60 mg/
Greenet al, 2017). Hence, cytoplasm of red blood celkg body weight in citrate buffer with a pH of 4.5 was
matures rather than the nucleus (ineffective erythropoiesislivered to 12 diabetic rats. Twelve rats in the age-matched
and macrocytosis). Finally, red blood cells are found asntrol group received the same dosages of the buffer
macro-ovalocytes, anioscytosis, and poikiocytosis causiigraperitoneally (Baimaet al, 2021; Chooklianget al,
megaloblastic anemia. Megaloblastic anemia is generat2@1; Lerkdumnernkigt al, 2022).
by many factors, such as folic acid deficiency and vitamin
B12 deficiency. Due to a deficiency in vitamin B12, @iabetic confirmation. Rat urine was checked to determi-
condition known as pernicious anemia occurs when time the presence of glucose. A blood sample that was also
body is unable to produce enough healthy red blood celtmllected is used to evaluate the total blood glucose level. In
Pernicious anemic patients have many signs and symptothis experiment, animals could be used if their overall blood
such as diminished vibratory and positional awareneggucose levels were less than 300 mg/dL and their urine
numbness, ataxia, subacute combined degeneration, ghatose concentration was zero mg/dL. Urine and total blood
dementia (Barrettt al, 2010; Longet al, 2013; Costanzo, glucose levels were tested following induction and before
2015; Greeret al, 2017). sacrifice (Baimaiet al, 2021; Chookliangt al, 2021;
Lerkdumnernkitet al., 2022). Daily body weight

Although there are many reports of diabetic chiefheasurements were performed. For short- and long-term
cells, the histopathology and ultrastructure of chief cells ai?M, all rats were divided into groups of four and twenty-
the proportion of zymogen granules in each region of theur weeks, respectively.
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Study of the histopathologyBefore sacrifice, all rats were sacrifice of rats, every rat was fasted for 12 hr. It was found
fasted for 12 hours and then anesthetized by halothaheat the control rats had no food residue at all. Only the
inhalation. 2.5 % glutaraldehyde in 0.1 M phosphate bidM rats had food residue with indigestible food inside their
ffer solution (PBS) was manually applied to preserve tretomachs when the stomachs were opened.
tissues after the perfusion with PBS (Bairegal, 2021,
Chooklianget al, 2021). The stomach was then removediistopathology and quantitative analysis of zymogen
split open along the greater curve, and immersed overnigjnanules.In short and long-term DM conditions, decreased
in the same fixative. After that, the stomach was surgicallymogen granules were observed in all glands, such as the
removed. Each area was recognized and then cut. TElrdiac gland (Figs. 1B, 2B), gastric gland proper (Figs.
was used to process small stomach sections (1x1x1 mmB&), 2D), and pyloric gland (Figs. 1F, 2F) when compared
that had been postfixed in 1 % osmium tetroxide in 0.1 kb the control group (Figs. 1A, 1C, 1E, 2A, 2C, 2E). When
PBS (Baimaiet al.,, 2021; Chooklianget al, 2021). observing the size of zymogen granules in LM, it was found
Toluidine blue was used to stain semithin sections (1-1tbat the size of zymogen granules in diabetic rats was
pm) from a Leica EM UC6 in Vienna, Austria, which weresmaller than control rats in both short- and long-term
then analyzed under the LM for representative regionseriods (Figs. 1-2).
Toluidine blue was also used to see the zymogen granules
inside the chief cells. The percentage of zymogen granule accumulation
was significantly decreased in both DM groups when
Quantitative approach. Zymogen granules in chief cells compared to the age-matched control rats (Fig. 3A). In
were made as semithin toluidine-blue-stained slices, aaddition, the long-term diabetic rats had a significantly
their number was counted. For each of the 90 sections, tireater decrease in zymogen granule accumulation than
percentage of zymogen granules per region at 108kort-term diabetes (Fig. 3B).
magnification was determined to measure the blue-stained
zymogen granule depositions. Using Image J software, tbérastructures of the chief cells.The structure for
percentage of zymogen granules in the chief cells wpsducing and secreting proteins found in their basal nucleus
determined (National Institute of Mental Health, Bethesd#&s a rough endoplasmic reticulum (rER). Several flattened
Maryland, USA). rER in the basal area were well-developed, with extensive
cisternae parallel to the cell axis (Figs. 4A, 4C, 4E, 5A, 5C,
Research on ultrastructure. The chosen embedding 5E). Large, electron-dense, membrane-bound secretory
specimens were serially sliced at a thickness of 80—85 ruesicles were found in zymogen granules (Figs. 4A, 4C, 4E,
using an ultramicrotome. The serial sections were th&A\, 5C, 5E). On the apical surface, zymogen granules were
stained with 1 % uranyl acetate and lead citrate (Bagtaiexocytosed. In addition, the apical surface was covered by
al., 2021; Chooklianget al., 2021). The stomach many microvilli (Figs. 3A, 3C, 3E, 5A, 5C, 5E).
ultrastructure was examined and captured on a camera using
TEM (TECNIZ20, Phillips Electron Optics, Holland). In short-term DM, the chief cell has a dilated and
fragmented basal rER (Fig. 3F). Some apical variable size
Statistical assessmenfThe mean and standard deviatiorelectron-dense or lucent granules and a basal oval
(SD) of the data was calculated. Student’s t-test was usaechromatin nucleus was observed (Figs. 3B, 3D, 3F); the
to assess differences between independent groups (SEBi®f cells of diabetic rats' stomachs had much smaller
version 20.0 software, Inc., Chicago, IL, USA). At a psecretory granules (Figs. 3B, 3D, 3F). At high magnification,
value of 0.05, differences were determined to be significatihere were irregularly discontinued nuclear membranes (Fig.
3G) with heterochromatin nuclear clumping (Figs. 3G-H),
damaged and fragmented rER (Figs. 3G-H), degenerated
RESULTS mitochondria (Figs. 3G-H), and numerous large vacuolar
degenerations (Fig. 3G). Unidentified structures were
observed (Figs. 3G-H). Nevertheless, a few small zymogen
Diabetes symptoms such as polyuria, polydipsi@ranules were present in degenerative chief cells (Fig. 3G),
polyphagia, and generalized myopathy were observedthrere were also found some huge zymogen granules in the
the DM rats. The symptoms of long-term diabetic rats wenhief cells (Figs. 3G-H).
more severe than those of short-term diabetic rats. The
majority of diabetic rats were lethargic, hypersomnia, and In long-term DM, zymogen granules in chief cells
inactive. The glucose levels in urine and blood exceedagre smaller than in short-term DM (Figs. 5B, 5D, 5F). In
500 mg/dL and 300 mg/dL, respectively. Before théhe degenerated chief cells, there were present some huge
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(E-F) of short-term coftré&)(@nd
short-term diabetic (B, D, F) rats. Zymogen granules (black arrowheads). Toluidine blue staining. Scalejmar = 10

zymogen granules (Figs. 5G-H). Shrinkage and destructioptoplasmic organelles in the cytoplasm was demonstrated
of chief cells were observed (Figs. 5D, 5F, 5H). Loss dfigs. 5B, 5F, 5G). Nuclear heterochromatin clumping was
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Fig. 2 Light micrographs of cardiac gland (A-B), gastric gland proper (C-D), and pyloric gland ( --F) of long-term contré)(Anc
long-term diabetic (B, D, F) rats. Zymogen granules (black arrowheads). Toluidine blue staining. Scalelbar = 10

exhibited (Figs. 5B, 5D, 5F, 5G, 5H). Vacuolar degeneratianacrophages (Fig. 5F). An electron-lucent area and
and a dilated rER of the chief cell were engulfed bynidentified structures were revealed (Figs. 5B, 5D).
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Fig. 3. A comparison of the
percentage of zymogen granules per
area in short- and long-term DM,
compared to the age-matched control
rats (A), in each gland. Comparison
of the percentage of zymogen
» granules per area between short- and
l I i I T long-term DM in each gland (B), in
C rdacsla;d Gastric gland proper IJﬁorkshl:d eaCh gland- Mea# SD; * p<005
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Fig. 4 Transmission electron
micrograph of chief cells of cardiac
gland (A-B), gastric gland proper
(C-D), and pyloric gland (E-F) of
short-term control (A, C, E) and
short-term DM (B, D, F, G, H) rats.
Parietal cell (PC); chief cell (CC);
rough endoplasmic reticulum (rER);
golgi complex (Gi); mitochondria
(M); vacuole (Va); lysosome (Ly);
larges zymogen granule (Zy);
unidentified structures (white stars).
Scale bar = um.
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Fig. 5 Transmission electron micrograph of chief cells of cardiac gland (A-B), gastric gland proper (C-D), and
pyloric gland (E-F) of long-term control (A, C, E) and long-term DM (B, D, F, G, H) rats. Parietal cell (PC);
chief cell (CC); rough endoplasmic reticulum (rER); macrophage (Mc); unidentified structures (white stars).
Scale bar = um.
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DISCUSSION

The diabetic signs and symptoms in this experimeperoxidation, and then membrane damage of cells and
were similar to the previous studies (Techastrad, 2017; organelles occurs via these processes (Sandiredaly
Baimai et al., 2021; Chooklianget al., 2021; 2014; \Volpeet al, 2018; Yaunet al, 2019). After the
Lerkdumnernkitet al, 2022). The residual and indigesti-membranes of cells and organelles are destroyed,
ble food were found only in DM rats after fasting for 12 hextracellular ions and fluids influx into the cells and
There is evidence that people with diabetes have a loweganelles, leading to organelles swelling with vacuolar
density of myelinated vagus nerve fibers (@ual, 1987; degeneration and elevated intracellular calcium ions (Ca2+)
Yu et al, 2019). The vagus nerve is also dysfunctional im these cells. Moreover, lipid peroxidation causes
diabetes patients with poor glycemic control (&i@l, mitochondrial dysfunction (Gorlact al, 2015; Yauret
1987; Yuet al, 2019). The vagus nerve supplies all gastrial., 2019).
glands in the stomach. If the vagus nerve is destroyed, the
nerve supply to the chief cells is reduced. As a result, A reduced percentage of zymogen granule
destroyed chief cell ultrastructures and a decreaseaocumulation was observed in DM. Moreover, it was
zymogen granules were seen in the DM condition. It campler to identify smaller secretory granules as zymogen
imply that DM affects digestion in the stomach. granules under TEM. Under typical conditions, the protein-

secreting chief cells are noticeable by TEM that the rERs

In DM rats, there were many vacuolar degeneratiorgse well-developed (Ross & Pawlina, 2011). In this
and destructive organelles with undetermined features. Téxeperiment, the rER is damaged in diabetic circumstances,
results can be explained by the mechanism of diabetedeeding to fragmented rER in both short-term and long-
follows. The polyol pathway, which transforms circulatoryterm diabetes and resulting in zymogen production. In
glucose into sorbitol, uses aldose reductase and NADPtbnsequence, the zymogen granules were reduced and
The concentration of sorbitol then rises as a result of tadecreased. Therefore, it can be concluded that when rER
much glucose in the blood. Afterwards, via the diffusiois damaged, it cannot produce and reduced in size of
of water into the principal cells, the increase in intracellulaymogen granules, as can be seen in the experimental
fluid molarity and osmotic stress cause vacuolaesults, which are consistent in both quantitative analysis
degeneration in these cells (Yan, 2018; Ighodaro, 2018and ultrastructure.

In a diabetic condition, the rER was markedly Although, there were smaller sizes of zymogen
dilated and fragmented and damaged mitochondria wegenules in DM, the huge zymogen granules were also
observed. The damage to mitochondria and rER in diab#demonstrated in the degenerating DM chief cells. It can
tes is characterized by DM pathology. As described aboves explained by the DM mechanism. As mentioned above,
a large amount of NADPH is consumed when exce§¥S production during DM results in lipid peroxidation,
glucose is converted to sorbitol. The synthesis afhich leads to the oxidative destruction of unsaturated
glutathione (GSH), which is a crucial cofactor, is needefdtty acids (Eiziriket al, 2008; Yauret al, 2019). Cell
for the conversion of NADPH to NADP+. The NADPHand organelle membranes are destroyed. Intracellular Ca2+
reduction caused by high blood glucose may impair GSaks into the cytosol as a result of the rER's disrupted
synthesis. GSH can stop damage to critical cellulamembrane (Eiziriket al., 2008; Yaunet al, 2019).
components caused by reactive oxygen species (ROS) sidreover, the proteolytic enzyme calpain-8, which cleaves
as free radicals, peroxides, and lipid peroxides (Sandirediie produced actin and myosin rings to transport granules
et al, 2014; Volpeet al, 2018; Yaunet al, 2019). for exocytosis, is active when intracellular Ca2+ levels
Therefore, a rise in ROS causes a decline in GSH. Taee high (Gorlaclket al, 2015; Eiziriket al, 2008; Yaun
sorbitol is oxidized to fructose by using sorbitolet al., 2019). As a result, the zymogen granule
dehydrogenase (SDH), which creates NADH from NAD+ransportation is blocked and inhibited. Thus, the zymogen
The elevated level of NADH leads to overwhelming RO§ranules of chief cells in the stomach of diabetic rats were
production from the mitochondrial electron transport chaiindentified as being smaller than those of normal rats,
In a hyperglycemic state, NADH is overproduced and GSé&lccording to previous research (Bastakial, 2021).
is downregulated, which can promote ROS levelsurthermore, by the blocking exocytosis mechanism in
(Sandireddyet al, 2014; Volpeet al, 2018; Yauret al, DM, the degenerated chief cells in DM were presenting
2019). Subsequently, the upregulation of ROS is the caustestructed small zymogen granules that come together to
of oxidative degradation of unsaturated fatty acids in lipitbrm huge granules.
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There were discontinuous and fragmented nucleginiMAl, S.: SRICHAROENVEJ, S.: LANLUA, P. &
membranes with nuclear clumping of heterochromatitHOOMPOO, N. Morfologia celular principal alterada en la glan-
These findings suggest apoptosis in DM. The increasddla géastrica de ratas diabéticas con estreptozotokihal.
ROS level from the polyol pathway during hyperglycemi#lorphol., 41(4)1043-1052, 2023.
directly generates BCl2-associated proteins (Bax) and BCI2 _ )
antagonist killer proteins (Bak), which are proapoptotic . RESUMEN: La diabetes mellitus (DM) es un trastorno
proteins (Krijneret al, 2009: Ighodaro, 2018; Vol al, metabdlico con incidencia creciente a nivel mundial. Se han infor-

. ado sintomas gastricos de DM, que incluyen nauseas, vomitos,
2018; Tanget al, 2019). Next, the overexpressed Bax anﬁzstensién abdominal y dolor epigastrico. Ademas, la gastritis aguda

Bak migrate from the cytoplasm to the outer membrane 9tsnica y la gastitis atréfica que ocurren en la DM pueden afec-
the mitochondria and trigger mitochondrial outer membrangr jas células principales de la glandula gastrica. Las células prin-
permeabilization by opening the mitochondrial permeabilityipales son vitales debido a su capacidad para digerir y separar la
transition pore (Krijneet al.,, 2009; Ighodaro, 2018; Volpe vitamina B12 de las proteinas. La falta de vitamina B12 conduce a
et al, 2018; Tanget al, 2019). Then, the cytochromeunasintesis de ADN deteriorada y un metabolismo anormal en los
complex (Cyt C) is released from the mitochondria9!obulos rojos, lo que eventualmente conduce a una anemia pemni-
intermembrane space to the cytosol. The binding betweglfsa- Ademas, los pacientes con anemia perniciosa presentan dis-
Cyt C and apoptotic protease activating factor-1 recruig%'numon de los sentidos vibratorio y posicional, entumecimiento,

9t tivate th t 9 whi axia con degeneracion combinada subaguda y demencia. En este
procaspase-v to aclivate thé mature caspase-J, w 'Cneéﬁjdio se usaron 24 ratas Sprague-Dawley macho adultas. Las

known as the apoptosome (Krijnenal, 2009; Ighodaro, (455 se dividieron en grupos control (n = 12) y diabéticas (n = 12).
2018; Volpeet al, 2018; Tan@t al, 2019). The apoptosome |_as ratas se separaron ademas en dos categorias: grupos a corto
induces apoptosis via caspase-3 activation to promaii@zo (4 semanas)y a largo plazo (24 semanas). El modelo de DM
proteolytic enzymes, including endonuclease, protease, ardindujo inyectando manualmente por via intraperitoneal
lipase (Krijnenet al, 2009; Ighodaro, 2018; Vol al., estreptozotocina en tampodn de citrato a una dosis de 60 mg/kg de
2018; Tanget al, 2019). The activation of endonucleaseBes0 corporal. Se inyectd la misma cantidad de tampon en el gru-
degrades chromosomal DNA, which leads to augment&8 control. Después del sacrificio, se disecaron tres regiones del

heterochromatin condensation and a pyknotic nucledf1omade (cardias, cuerpo y piloro). La histopatologia se realizo
mediante tincién con azul de toluidina. El andlisis de imagenes se

Proteases are responsible for breaking down organelles Abfzo para cuantificar la acumulacion de granulos de zimégeno

the cytoskeleton. Lipase generates irregular cell and Ny |55 células principales. Los datos se compararon entre las ratas

clear shapes via cell and organelle phospholipid membragtrol y DM en cada periodo utilizando la prueba t de Student.

degradation (Krijneet al, 2009; Ighodaro, 2018; Vol  Ademas, se utilizé microscopia electrénica de transmisién (TEM)

al., 2018; Tanget al, 2019). The regulation of thesepara examinar la ultraestructura celular. Hubo una disminucién sig-

enzymes causes the nuclear membrane of the chief cellsifisativa en el porcentaje de granulos de zimogeno en ratas DM.

rupture. Bajo TEM, se observaron en las células principales las destruc-

cion de las mitocondrias, del reticulo endoplasmico rugoso y del

complejo golgiense en la rata DM. En ratas con diabetes no con-

trolada, hay dafio en las células principales de toda el area del esté-

mago, lo que afecta la digestion y la malabsorcion de vitamina

B12. Por lo tanto, este resultado ayuda a los médicos a reconocer

que los pacientes diabéticos con sintomas gastricos pueden tener
The gastric glands, specifically the chief cells, argna anemia perniciosa oculta.

damaged when rats are given STZ to develop DM. The

results showed a decrease in zymogen granules, including  PALABRAS CLAVE Células principales; Estomago;

morphology and quantitative analysis, and damage ®&anulos de zimégeno; Estreptozotocina; Ultraestructura;

organelles in the cytoplasm of chief cells in every gland &fata-

the rats’ stomach. The pepsinogen of chief cells can isolate

vitamin B12 from protein-rich diets. Damage to the chief

cells in DM impairs vitamin B12 absorption, resulting infREFERENCES

pernicious anemia. Latent anemia in patients with poorly
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