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Abstract: Dexamethasone is a long-actingsynthetic adrenocortical steroid with low molecular weight.It readily
crosses maternal placenta barrier and accumulates in the fetal tissues then impeding deleterious impact to the
developing fetal pancreas.The aim of this study is to determine the histomorphological teratogenic changes on
pancreasof the developing fetal pancreas following prenatal exposure to varied doses of dexamethasone in albino
rats.40 albino rats weigh up between 150 to 300 grams were used as the albino rats experimental model.12 dams for
the LDGgetting 0.5 mg/kg/bwt/day, 12 MDGgetting 2 mg/kg/bwt/day, and 12 HDGreceiving 4
mg/kg/bwt/day. Fach group had a sum of 12 rats in first trimester (TM1), second trimester (TM2) and third
trimester (TM3).Morphologically, there was decrease in the size and the number of islets clusters per field,
decreased vascularization and increased stromal tissues deposition especially in high dexamethasone groups
(4gms/Kg/Bwt). The number of acini per cluster, were significantly decreased (P<0.05), in both high and medium
dexamethasone dose when treated in the first and second trimesters (TM1 and TM2) respectively These teratogenic
outcomes of dexamethasone on the embryological fetal pancreas were also noted to be time and dose dependent
with the most adverse effects werein the first and second trimester (TM1 and TM2) respectively in all the
dexamethasone treated groups.This researchdisplays that high glucocorticoid levels during gestation have
remarkable effects for the embryology of the fetal pancreas and especially in endocrine component, exocrine
component and stromal tissue component of pancreas.
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INTRODUCTION

Glucorticoids have numerous injurious effects to the developing organs of the developing fetuses including
;muscles, liver, kidneys, brain, lung, ,placenta, spleen and heart[l]. For instance, when dispensed during first
trimester pregnancies leads to placenta insufficiency by inhibiting placental VEGF expression [1].In brain, leads to
decline of the blood brain barrier permeability, reduction of fetal cerebral blood flow, hypoxia of brain, reduction
in hippocampal sizeto learning and attention disorders|[2,3]. In the kidneys, it causes shrinkingof nephron and
glomerular of the kidney and lesseningof the glomerular number resulting glomerulosclerosisand
hypertension[4,5,6]. Fetal treatmentby use of glucorticoids have in last four decade been in used for treatment of
various disease during intrauterine period and newboms[1,7-9]. Dexamethasone have proved to be more effective
than betamethasone in for preterm birth in enhancement of fetal lung surfactant production and maturation of the
fetal lung, especially to mothers who are prone to preterm deliveries pregnancy(l). A onedose of 12 mg of
dexamethasone is given to mothers at gestation period between 24 weeks and 34 weeks with ruptured membrane
and 23 weeks to 34 weeks who are at risk of preterm deliveries and between one to 7 days before delivery of
multiple pregnancies [10,11]. Clinically ,prenatal dexamethasone reduces neonatal death, acute respiratory diseases,
severe neurological deficit and, necrotizing enterocolitis [4,8,10,12].

Dexamethasone its capabilityto cross the placenta have aidedin treatment of virilizing congenital adrenal hyperplasia
(CAH) which is an autosomal recessive disorder of steroidogenesis, caused by lack of 21-hydroxylase[13,14]. The
prenatal treatment of CAH is dispensed on 5% week of prenatal period, when genitalia are developing to stabilize
androgen precursor|1,13,15]. Clinical studies on human have also shown that dexamethasone is clinically efficientin
management of third-degree heart block[4,16],also a first line drug in management of Congenital cystic
adenomatoid malformations [17,18]. Dexamethasone was also found to be effective in treatment ofperiventricular
leukomalacia in low birthweight (£1.75 kg) infants bydecreasing the risk [19]. Contrarywise, to its manyclinical
importance’s, dexamethasone have also numerous unwanted effects, this have been reported on researches done on
animal and human studies to the fetus[20] .Dexamethasone use for instance contribute to multifarious metabolic
effects like glucose intolerance, hyperglycemia which could have teratogenic effect to the pancreas of the developing
embryo or fetus [21,22]. Studies done on animal and human have demonstratedthat prenatal dexamethasone
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inhibitsthe metabolism of the developing fetus causinglow birth weight, intrauterine growth retardation, leanfetuses,

raisedhypothalamopituitary adrenal axis activity, shrunkenbrain growth with prolongedmyelination and
hypertension|2,3,23—-26].

MATERIAL AND METHODS
Animals

Female nulliparous albino rats weighing between 150g to 300 grams were obtained from SAFARI animal
biomedical department. They were housed in standard rat cages and subjected to 12-hour dark cycles under humid
tropical conditions of 24°C. The rats were allowed unlimitedaccess to standard feed Rodent pellets obtained from
UNGA Mills as institutedby American institute of nutrition (1977 (Unga feeds Kenya). and water ad libitum
throughout the studytime. The rats were approvedwith the managingprinciples of laboratory animals’ principles.
Two females were hostedto one male albino rat and put into a cage overnight. The next day, the males were taken
back to their specificcages.Vaginal smears were collected from the 40 mated females the next morning and
pregnancy was determined by the presence of spermatozoa in the smears followed by vaginal wash 24 hours later to
determine changes in estrous which will denote the first day of gestation (GD1)[27,28].These 40 dams were at
randomassigned into two major groups of 36 dams as the experimental groupand 4 dams as the control group. 12
dams for the LDGreceived 0.5 mg/kg/bwt/day, 12 MDG received 2 mg/kg/bwt/day,12 HDG received 4
mg/kg/bwt/day and received each group 12 rats. These 12 dams in each group were further subdivided into three
experimental group with 4 rats per group according to trimesters; first trimester (TM1), second trimester (TM2) and
third trimester (TM3).

Feeding and Prenatal Dexamethasone dispensation

All experimental group received oral dexamethasone dissolved in normal saline via gastric gavage (Gauge 1.8 2R2
needle) and rodent pellets and water ad libitum between 8:00 am to 9: am [29].The control group received only the
rodent pellets and water ad libitum between 8:00am to 9: am.The dexamethasone groups received(HDG
0.65mg/kg/d, MDG 7mg/kg/d, LDG 13 mg/kg/d) during the gestation petiod in first trimester, second trimester
and third trimester. The dosage used in this study have been found to be comparable with human dose used during
pregnancy (0.5-10mg/kg). The 12 albino rats in trimester 1 received dexamethasone treatment from day one of
gestation all through to day 20; those in trimester two study category received dexamethasonetreatment starting day
7 all throughout to the last day of gestation day 20, while the 12 albino rats in trimester III start receiving the
dexamethasone treatment from day 14 all through to- day 20 the last day of gestation.

In all cases, the pregnant rats were sacrificed on day 20% using carbon dioxide gas asphyxiation [30] using carbon
dioxide asphyxia between 08:30 and 11:00 A.M.

Processing for light microscopy

After fixing in the 10% neutral buffered formalin for 24 hours the two fetal pancreases per sub group were
dehydrated in an ascending concentration of alcohol (50%, 60%, 70%, 80%, 90%, 95% and 100% (absolute) each
for one hour and cleared with cedar wood oil for 12 hours.

The sections were then infiltrated with paraplast wax for 12 hours and embedded in paraffin wax. Leitz sledge
microtome was used to cut longitudinal and transverse thin sections 5-7um thick from head to the tail regions of
the fetal pancreas, floated in water at 370 then stuck onto glass slides using egg albumin, applied as thin film with a
micro-droppet. 45 slides in each subgroup selected with systematic random sampling were then dried in an oven at
370 for 24 hours then stained with hematoxylin and cosin to demonstrate the general features of fetal pancreas
components. Another 30 slides from each pancreas randomly selected were stained with Hematoxylin stainto
demonstrate cellular components.
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I I

Ethical approval

All procedures were performed with approval of Albino rats Ethics Committee of Jomo Kenyatta University of
Science and Technology. The albino rats were only used once in the experiment. They were all sacrificed using
humane end points at the end of the study [29]

RESULTS

The Endocrine pancreas

When dexamethasone was administered in trimester one there was marked reduction in the number islet of
Langerhans cluster (IS) per field (figure 1) - photomicrographs B,C,D for the LDG, MDG and HDG
respectively as compared with the control photomicrograph A) this was also marked with significantreduction and
disaggregation of the cellular densities of the various cellular components that make up the endocrine portion of the
pancreas including the beta, alpha, delta and other endocrine cells in the dexamethasone treated groups LDG,
MDG and HDG as compared with the control (C) (figure 2) photomicrographs B,C,D for the LDG, MDG and
HDG respectively as compared with the control photomicrograph A.

Photomicrograph B:pancreas of LDGTM1 rat
stained with H&E showing:reduction in the in size
of isletscluster (IS),CT-connective tissue;

Photomicrograph A:pancreas of control rat stained with
H&E showing:IS-well demarcated islets of
langerhans;CT-connective tissue;BV-blood vessels

Fi
Co

Photomicrograph C:pancreas of MDGTM1rat stained Ph(:)tomictograph D:par_lcrt?as of HDGTM_1 rat:'
with H&E showing:more reduction in the size of islets stained with H&E showing:imore reduction in the

cluster (IS), increased septations in CT-connective size of islets cluster (IS), increased septations in
tissue; CT-connective tissue;
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;:‘hotc.)mn.?rgragh A:pancreas o‘f.Cont'rol rat Sta'"ﬁd;\'/ngl"‘; photomicogragh B:pancreas of LDGTM1 rat stained with
showing;CT-connective tissue ,*asterix-acinar cells,BV-bloo HaE showing;CT-connective tissue ,acinar cells,

vessels;IS-slets of Langrhan’s; BV-blood vessels;IS-slets of
A-acinus,c-capillaries, CA-centralacinar cell X40 Langrhan’s;A-acinus,c-capillaries,CA-cntrolacinar cell X40

photomncogragh D:pancreas of LDGTM1rat stained wnth H&E s
howing;CT-connective tissue ,acinar cells,BV-blood vessels;
IS-slets of Langrhan’s;A-acinus,c-capillaries,

CA-cntrolacinar cell X40

photomicogragh C:pancreas of MDGTM1 rat stained with H&E s
howing;CT-connective tissue ,acinar cells,BV-blood vessels;
IS-slets of Langrhan’s;A-acinus,c-capillaries,CA-cntrolacinar cell X40

Figure 2: Photomicrograph of albino rat treated with dexamethasone A: Control; B: LDG, C: MDG &D:
HDG at Trimester 1- (GD1-GD20)- (H & E X40)

The exocrine, the connective tissues and the duct system of the fetal pancreas when treated at TM;

When dexamethasone was administered in trimester one there was decreased number of acini (A) (figure 2)-
photomicrographsB, C, D for the LDG, MDG and HDG respectively as compared with the control
photomicrograph A). There was also enlarged blood vessels, increased connective tissue septations (S) across the
entire pancreas with increased number of ductal systems in the dexamethasone treated groups LDG, MDG and
HDG as compared with the control (C). Photomicrographs B, C, and D for the LDG, MDG and HDG
respectively as compared with the control photomicrograph A.
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tomicrograph A:pancreas of contr
stained with H&E showing: well
demarcated islets
langerhans;CT-connective tissue;

Photomicrograph B:pancreas of LDGTM1rat staine
with H&E showing: feduction in the size of islets
per pancreatic area (15),CT-connective tissue;

X -~

!"‘ \ Y 774 Laal A : ‘m |
with H&E showing: ‘more reduction in the size of with H&irhowing: further reduction in the
islets per pancreatic area (I5), increased septations size of iserts per pancreatic area (1), increased

Figure3: Photomicrograph of albino rat treated with dexamethasone A: Control; B: LDG, C: MDG &D:
HDG at Trimester 1- (GD1-GD20)- (H & E X40)

The trimester TWO (TM2) histomorphological findings on the fetal pancreas
The Endocrine pancreas

When dexamethasone was administered in trimester two, there was marked reduction in the number islet of
Langerhans cluster (IS) per field (figure 4.5 - photomicrographs B, C, D for the LDG, MDG and HDG respectively
as compared with the control photomicrograph A). This was also matked with significant reduction and
disaggregation of the cellular densities of the various cellular components that make up the endocrine portion of the
pancreas including the beta, alpha, delta and other endocrine cells in the dexamethasone treated groups LDG,
MDG and HDG as compared with the control (C) as (figure 4.5),photomicrographs B,C,D for the LDG, MDG
and HDG respectively as compared with the control photomicrograph A. B,C,D for the LDG, MDG and HDG
respectively as compared with the control photomicrograph A.

www.ijast.on Copyright © 2021 IJASR All rights reserved
293 jast.org pytig g


file:///G:/IJSAR%20PAPERS/2019%20vol-2%20issue-%20january-february/29......15.02.2019%20manuscript%20id%20IJASR004229/www.ijasr.org

Intermational Journal of Applied Science and Research

photomicogragh A:pancreas of Control rat stained with H&E showing; photomicogragh B:pancreas of LDGTM2rat stained with H&E showing;,
CT-connective tissue,IS-slets of Langrhan’s,BV-blood vessels; CT-connective tissue;lS-slets of Langrhan’s,BV-blood vessels;

D-interlobular pancreatic ducts A-acinus X4 D-interlobular pancreatic ducts ;A-acinus X4

-~

¥

Lod
o

~

photomicogragh C:pancreas of LDGTM2rat stained with H&E showing; photomicogragh D:pancreas of HDGTM2rat stained with HI&E S
CT-connective tissuesreduced IS-slets of Langerhan’s size, howing;CT-connective tissue;reduced IS-slets of Langerhan’s size,

BV-blood vessels;D-interlobular pancreatic ducts ;A-acinus X4 BV-blood vessels;D-interlobular pancreatic ducts ;A-acinus. X4

Figure 1: Photomicrograph of albino rat treated with dexamethasone A: Control; B: LDG, C: MDG &D:
HDG at Trimester 2- (GD7-GD20)- (H&EX4).

The exocrine, the connective tissues and the duct system of the fetal pancreas when treated at TM,

When dexamethasone was administered in trimester one increase in septations of connectivetissue (CT) ) across the
entire pancreas and reduction in number of acini (A) (figure 4 - photomicrographs B, C, D for the LDG, MDG
and HDG respectively as compared with the control photomicrograph A). There was also enlarged blood vessels
with increased number of ductal systems in the dexamethasone treated groups LDG, MDG and HDG as compared
with the control (C) (figure 4), photomicrographs B,C,D for the LDG, MDG and HDG respectively as compared
with the control photomicrograph A
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Photmrograph A:ncr_eas of control rat stained
with H&E howing:1S-well demarcated islets with H&E showlng reductlon in the size of islets per
of langerhans;CT-connective tissue; pancreatic area (IS),CT-connective tissue;

Phofomicrograph C:pancreas of MDGTM2 rat - Photomicrograph D:pancreas of HDGTM2 rat stained
stained with H&E showing:more reduction inthe ~ With H&E showing:further reduction in the size of islets
size of islets per pancreatic area (1), increased per pancreatic area (IS), increased septations in
septations in CT-connective tissue; CT-connective tissue;

Figure5: photomicrograph of albino rattreated withdexamethasone A: Control; B: LDG, C: MDG &D:
HDG at Trimester 2- (GD7-GD20)- (H & E X10)

The endocrine, the exocrine, the stromal tissues and the duct system of the fetal pancreas when treated at
TM, X40

When dexamethasone was administered in trimester one there was decreased number of acini (A) (figure 6 -
photomicrographs B, C, D for the LDG, MDG and HDG respectively as compared with the control
photomicrograph A). There was also enlarged blood vessels, increased connective tissue septations (S) across the
entire pancreas with increased number of ductal systems in the dexamethasone treated groups LDG, MDG and
HDG as compared with the control (C) (figure 6), photomicrographs B, C, D for the LDG, MDG and HDG
respectively as compared with the control photomicrograph A.
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Photomicrograph A of control stained Photomicrograph B of LDG stained
withH&E showing acidophilic acini(A),well with H&E showing reduced number of acini
defined islets of Langerhans (IS) and many (A),reduced number of islets of Langerhans

lobules of different sizes and shapes boundin  (IS) and many lobules of different sizes and
connective tissue stroma (CT) shapesa bound In connective tissue stroma

Photomicrograph D of HDG stained
H&E showing most reduced number of acini
(A),most number of islets of Langerhans (IS)
and marked Increased lobules of different
sizes and shapes bound in connective tissue
stroma (CT)

Photomicrograph C of MDG stained with
HE&E showing further reduced number of
acini (A),more reduced number of islets of
Langerhans (15) and increased lobules of
different sizes and shapes bound in
connective tissue stroma (CT)

Figure7: Photomicrograph of albino rat treated with dexamethasone A: Control; B: LDG, C: MDG &D:
HDG at Trimester 2- (GD7-GD20)- (H & E X10) at Trimester 2- (GD7-GD20)- (H & E X40)
The trimester three (TM3) histomorphological findings on the fetal endocrine pancreas

The Endocrine pancreas
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When dexamethasone was administered in trimester three there was marked reduction in the number islet of
Langerhans cluster (IS) per field [figure 4.8) - photomicrographs B,C,D for the LDG, MDG and HDG
respectively as compared with the control photomicrograph A) this was also marked with significant reduction and
disaggregation of the cellular densities of the various cellular components that make up the endocrine portion of the
pancreas including the beta, alpha, delta and other endocrine cells in the dexamethasone treated groups LDG,
MDG and HDG as compared with the control (C) as can be seen in the figure 4.8, photomicrographs B,C,D for the
LDG, MDG and HDG respectively as compared with the control photomicrograph A.

Photomicrograph A of control stained Photomicrograph B of LDG stained
withH&E showing acidophilic acini with H&E showing reduced number of
(A),well defined islets of Langerhans acini(A),reduced number of islets of
(IS) and many lobules of different Langerhans (IS) and many lobules of
sizes and shapes bound in connective different sizes and shapesa bound in

connective tissue stroma (CT)

tissue stroma (CT)

Photomicrograpﬁ C of MDG St;ir;ed Photomicrograph D of HDG stained

with H&E showing further reduced with H&E showing most reduced
number of acini (A),more reduced number of acini(A),most number of
number of islets of Langerhans (IS) and islets of Langerhans (IS) and marked
increased lobules of different sizes and increased lobules of different sizes and
shapes bound in connective tissue shapes bound in connective tissue
stroma (CT) stroma (CT)

Figure 8: Photomicrograph of albino rat treated with dexamethasone A: Control; B: LDG, C: MDG &D:
HDG at Trimester 3 (GD1;-GD2)- (H & E X 10)

The exocrine, the connective tissues and the duct system of the fetal pancreas when treated at TM3
When dexamethasone was administered in trimester three there was marked reduction in number of acini clusters
(A), increase of the connective tissue deposition (CT) is obvious in the surroundings of the ducts (D) and the
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thicken vascular wall of blood vessels (BV) in the dexamethasone treated groups LDG, MDG and HDG as
compared with the control (C) (figure9).

~ v
Photomicrograph A of control stained with H&E PhotomicrographB of LDGTM3 stained with H&E
showing; acini(A )that are well stained ; showing; acini(A )that are well stained ;increases
connectve tissue stroma (CT)consting of depositions in connectve tissue stroma (CT)consting
thin wall ducts(D);blood vessels(BV) of thickened wall of ducts(D);blood vessels(BV)

lc" : SV *

/ - ol
icrograph C of MDGTM3 stained with H&E

photom photomicrograph D of HDGTM3 stained with H&E
showing; reduced number of acini(A )that are well showing; more reduced number of acini (A)

stained jincreased depositions and septations in ;increased depositions and septations in connectve
connectve tissue stroma (CT)consting of tissue stroma (CT)consting of

tthickened wall of ducts(D);blood vessels(BV) tthickened wall of ducts (D);blood vessels(BV)

Figure 9: Photomicrograph of albino rat treated with dexamethasone A: Control; B: LDG, C: MDG &D: HDGat
Trimester 3- (GD14-GD20)- (H & E X40).

DISCUSSION

The current findings on the teratogenic effects of dexamethasone on the histomorphological components of both
the parenchymal and stromal tissues of the fetal pancreas have showed marked reduction in the number of islets of
Langerhans cluster per field (figure 4.2- figure 4.9). This was also marked with significant reduction and
disaggregation of the cellular densities of the various cellular components that make up the endocrine portion of the
pancreas including the beta, alpha, delta and other endocrine cells in the dexamethasone treated groups LDG,
MDG and HDG as compared with the control. Also, there was also enlarged blood vessels, increased connective
tissue septations (S) across the entire pancreas with increased number of ductal systems in the dexamethasone
treated groups LDG, MDG and HDG. This is agreement with a study that reported that glucorticoids increases
angiogenesis by reducing endothelial cell migration hence impairing extracellular matrix and reduce proliferation in
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various cell types [30]. This mechanism can be explained by the fact that dexamethasone particularly hinders
migration of vascular smooth muscle in rats as opposed in human [31,32,33]

The results of this study also showed that cells in the pancreas were composed of smaller acinar cells with scanty
but larger and deeply stained nuclei. The numerical numbers of the acinar clusters per field with their corresponding
numerical cell count per acini were found to be statistically reduced across all dexamethasone treated groups
(P<0.05). The nuclei of both acini and ductal cells varied in sizes and shapes with many showing mitotic figures.
(Fig 4:2-Fig 4:9) [34,35]. This fact disagrees with Morisset, ¢ a/. who reported that glucocorticoid administration
was associated with hyperplasia and hypertrophy of the pancreas in suckling rats but suppressed deoxyribonucleic
acid (DNA) synthesis in recently weaned rats while maintaining the hypertrophic effects [36].

Conclusion

In conclusion the study has established that prenatal exposure to dexamethasone is teratogenic to the developing
fetal pancreas and these teratogenic outcomes are dose and time dependent. The critical dose of dexamethasone
teratogenicity was found to be the high and medium dexamethasone dose when exposed at first and second window
period. Such effects of dexamethasone on pancreas in children born to mothers may predispose to pancreatic
disorders in postnatal period. LDG and MDG trimester three had no significant outcomes except when
administered on high doses.

The most vulnerable window period for dexamethasone teratogenicity was however established to be the first
trimester while the most critical dose was 4mg/kg/bwt.
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