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Abstract

Objectives: Neurological injury after cardiopulmonary bypass in pe-
diatric cardiac surgery is a major complication. The aim of this study
was to compare the neuroprotective effect of propofol with that of sevof-
lurane in pediatric open cardiac surgery.

Methods: After obtaining the research ethics board (REB) approval
and written informed parents consent 40 patients of either sex aged 1-3
years, ASA II & IIl submitted for elective correction of simple congenital
heart diseases using cardiopulmonary bypass. Patients were double
blinded randomly located into two groups, propofol group (n=20) re-
ceived propofol as inducing and maintenance agent for anesthesia and
sevollurane group. (n=20) received sevoflurane as inducing and main-
tenance agent for anesthesia Neurological examination, CT scan and
transcranial doppler evaluation to monitor the velocities of flow and pul-
satile index in middle cerebral artery were recorded to compare the neu-
roprotective effect of both agents.

Results: Patients in sevoflurane group showed significant elevation
in mean cerebral blood flow velocity, pulsatile index and embolic events
than propofol group. Also the heart rate and mean arterial blood pres-
sure were significantly higher in sevoflurane group than propofol group.
There were no differences between the 2 groups as regard postoperative
neurological examination, CT study and postoperative complications.
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Conclusion: propofol is as effective as sevoflurane in brain neuropro-

tection and preconditioning after using cardiopulmonary bypass in open

pediatric cardiac surgery.

Keywords: Neuroprotection, Cardiopulmonary bypass, Sevoflurane,
Propofol, Cerebral flow velocity, Pulsatile index.

Introduction

Brain injury after cardiac sur-
gery still occurs despite improve-
ments in surgical techniques over
the years and the implementation
of effective neuroprotective strate-
gies. Maintenance of sufficient ce-
rebral blood flow is important for
oxygenation and function of the
brain. During cardiac surgery,
physiologic variables should be
preserved within the normal range
to maintain adequate cerebral ox-

ygen supply.(1.2)

Neuroprotection can be achived
by reducing Oy demand, en-
hanced O9 delivery, or attenuation
that

injury or

of pathologic processes
contribute to cellular
death.(3)

Propofol causes inhibition of
glutamate release, and the posi-
tive modulation of GABA-A recep-
tor function. Also it causes a dose-
dependent reduction in cerebral
blood flow (CBF)

metabolic rate oxygen consump-

and cerebral

tion (CMROy). The in vivo cerebral
vasoconstrictor effect of propofol
is possibly related to the intact
CBF-CMR coupling and thus are
typical of the ideal neuroprotective
drug.(4.5)

Sevoflurane increases the ve-
locity of cerebral blood flow
(CBFV) and decreases the cerebro-
(CVR)

manner

in a
which
cause an impairment of cerebro-

vascular resistance
dose-dependent
vascular autoregulation mecha-
nisms but different transient hy-
peremic response tests, carried

out on adults and children,
showed that cerebral autoregula-
tion is well preserved during anes-
thesia, with up to 2.0 MAC sevof-

lurane.(6.7)

Adequate monitoring is essen-
tial to detect potentially harmful
conditions early enough that per-
mit initiation of effective interven-
tions before irreversible injury oc-
curred. In neonates and children,
hypoxic-ischemic mechanisms are
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responsible for the majority of pre-
ventable injury.(8)

Transcranial Doppler ultra-
sound (TCD) is a sensitive, real-
time monitor of embolic events
and velocity of cerebral blood flow
(CBFV)

surgery. It can measures the mid-

during congenital heart

dle cerebral artery (MCA) cerebral
blood flow velocity (CBFV), which
relates to three important parame-
ters: blood flow, vascular cross-
sectional area, and blood viscosi-
ty. TCD technique
unique standard method that de-
the of
through the brain vessels in real-

is the only

tects passing emboli
time and allows quantification of
embolic signals during monitor-
ing. Correlating the amount and
timing of emboli with the clinical
and neurophysiological findings
may provide an explanation of
brain injury after CPB.(9:10)

In this study we tried to evalu-
ate the brain protective effect of
TIVA using propofol-fentanyl ver-
sus sevoflurane-fentanyl by using
transcranial Doppler, neurological
examination, and CT study. Our
hypotheses was that the use of
induction and

propofol as an

maintenance agent in pediatrics
undergoing open heart surgery for
congenital heart diseases has the
same brain protective effect as
the use of sevoflurane. We also
tried to find a correlation between
using TCD, neurological examina-
tion and CT study as indicator for

cerebral injury.

Patients and methods

This double - blind randomized
study was conducted over a period
of 12 months. 40 patients of either
sex aged 1-3 years who were
planned to undergo elective cor-
rection of simple congenital heart
diseases using cardiopulmonary
bypass at Mansoura University
children hospital and after obtain-
ing an informed written consent
from the parents. Patients with
previous open heart surgery, en-
docarditis, neurological, renal or
pulmonary disease, heart failure,
presence of preoperative coagula-
tion disorders were excluded from
the study. All surgical procedures
were done by a well-trained team
of pediatric cardiothoracic sur-
geons.

All patients were subjected to
preoperative clinical examination
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for assessment of cardiovascular

function. Laboratory investiga-
blood

count (CBC), electrolyte, arterial

tions include complete
blood gas and urine analysis, co-
agulation survey, blood glucose
level, liver and renal function
tests. Neurological and radiologi-
cal examination (including brain
CT),

ceived

were fulfilled. Patients re-
a premedication in the
form  of 0.07
mg/Kg midazolam and 0.02 mg/
Kg atropine sulphates respective-

intramuscular

ly 15 min before induction. Pa-
tients were blind randomly as-
signed into two groups : propofol
group (Propofol- Fentanyl group)
and sevoflurane group (sevoflu-
rane-Fentanyl group).

Heart rate, mean value of inva-
sive arterial blood pressure, cen-
end tidal
COy, oxygen saturation, nasopha-

tral venous pressure,

ryngeal temperatures were moni-
tored (using Datex, Helsinki, Fin-
land AS).

Anesthesia induced by 1.V. ad-
ministration of fentanyl 5 pg/Kg,
propofol 2- 2.5 mg/Kg (in propofol
group) or sevoflurane 2-3MAC (in
sevoflurane group) and 0.9 mg/kg

rocuronium L.V. to provide muscle
relaxation. With loss of conscious-
ness, patients were mechanically
ventilated by positive pressure
ventilation via face mask at a rate
of 20-28 breathes per minute with
50% O9 and when the ETT insert-
ed the end-tidal COy was moni-
tored by side-stream capnograph
and maintained between 30-35
mmHg. Anesthesia was main-
tained with Propofol infusion at a
rate of 100-150 pg/Kg/min (in
propofol group) or sevoflurane 2
MAC (in sevoflurane group) and
fentanyl 0.05 pg/Kg/min, to main-
tain blood pressure within 20-25%
of its basal value and entropy val-
ue between 45-55 with infusion
requirements for rocuronium 0.3
mg/Kg/minute to maintain mus-
cle relaxation.

Arterial blood gases were re-
corded before starting of gener-
al anesthesia [basall, after in-
duction of general anesthesia,
before initiation of cardiopulmo-
nary bypass, after termination of
CPB, at the closure of skin, ba-
sal in ICU, 2, 4, 8, 12 hours in
ICU. Aortic cross clamping time
(minutes), cardiopulmonary by-

pass time (minutes), spontaneous
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regaining of the heart function,
need for DC shocks and the dura-
tion of inotropic and / or vaso-
pressor requirements to wean the
heart from CPB were recorded in
all patients.

Transcranial doppler was used
to monitor the velocities of flow, at
this time intervals: before the sur-
gery, before CPB, during CPB (af-
ter establishment of full flow in-
cluding detection of embolic
events), after CPB, and after the
surgery in the ICU (after 2 days).
Neurological examination and CT
scan were done before and after
surgery (after 2 days). Extubation
time, the need for reintubation
and postoperative complications
were noticed and recorded. The
depth of anesthesia was moni-
tored by Entropy monitoring. En-
tropy was collected with an M-
ENTROPYTM module of the S/
5TM Anesthesia Monitor (Datex
Ohmeda).

Statistical analysis was done by
using statistical package for social
scientists (SPSS) program version.
Data was expressed as percentage
and mean * SD as appropriate.
The changes in quantitave data

was done by Shapiro-Wilk's W
test. Changes in values between
two groups

was compared by

unpaired t-test. Chi-square test
were used for qualitative data.
Spearman test was used for corre-
lation between data. P <0.05 was

considered significant.

Results
All patients the

study successfully with no drop-

completed

outs. No considerable differences
were observed between the two
groups as regard demographic
data. (table 1).

Velocity maximum was signifi-
cantly high in the after bypass
and 2 days in ICU periods in se-
voflurane group than propofol
group. Velocity minimum showed
no difference between the two
groups Velocity mean was signifi-
cantly high in the after induc-
tion and after bypass periods in
sevoflurane  group when com-
pared with propofol group. Pul-
satile index was
high in the after induction, dur-

ing CPB and after bypass periods

significantly

in sevoflurane group when com-
pared to propofol group. (Table 2
& figure 3).
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Duration of inotropic support,

spontaneous recovery of con-
scious level, need for DC shock,
vomiting, respiratory depression,
need for reintubation, were insig-
nificant between both groups. (Ta-

ble 3)

The incidence of air embolic
events was lower in propofol group
relative to sevoflurane group (fig-
ure 4). Pre and postoperative neu-
rological examination, CT study
were of no significance between
the two groups. (Table 3) There

was no correlation between veloci-
ty mean measured 2 days in ICU
and the neurological examination
done on the same time interval.

The heart rate changes showed
higher values after induction and

group
compared with propofol

after CPB in sevoflurane
when
group. On the other hand the
mean arterial pressure showed
higher value in sevoflurane group
when compared with propofol
group after induction. (Figure 1, 2

respectively).
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Discussion
The principal finding of the
study is that cerebral blood flow
velocity was decreased in propofol
anesthetized patients group as
compared to sevoflurane anesthe-
tized patients group during the

surgery.

This is accordance with previ-
ous studies, who found that pro-
pofol cause reduction in cerebral
blood flow velocity.(! 1,12,13,14,15)

Basil and kuroda , et al in their
studies proved that sevoflurane
has cerebral vasodilator effect and
increases CBFV which matches
with the present study(l6.17).
contrast to

However, in our

study, Cho, et al in their study
states that sevoflurane decreased
cerebral blood flow velocity this

may be due to different MAC
used.(16.17,18)

The cerebral blood flow velocity
reduction by propofol within the
middle cerebral artery can be ex-
plained by several mechanisms:
such as vasoconstricting effect of
propofol on the small resistance
arterioles,(19) decreasing the cere-
bral metabolic rate of oxygen, and
endotheli-
um-dependent relaxation that
might reduce the steady-state
CBF velocity, in that order.(20) On
the other hand all volatile anes-

suppressing effect on

thetic agents are known to cause
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direct cerebral vasodilatation and
it has been suggested that desflu-
rane and sevoflurane may be a
more potent cerebral vasodilator
than the other volatile agents.(21)

Kaisti, et al in their study com-
paring effects of sevoflurane, pro-
pofol, and adjunct nitrous oxide
on regional cerebral blood flow,
oxygen consumption, and blood
volume in humans by using posi-
tron emission tomography tracers
reported that propofol reduced
rCBF and rCMROy comparably at
a BIS value of 40. Propofol re-
duced rCBF more than sevoflu-
rane but rCMRO2 to an extent
similar to sevoflurane.(14)

In another study by Engelhard,
found that propofol caused cere-
bral vasoconstriction, intact cereb-
rovascular autoregulation and
maintain COq reactivity. On the
other hand sevoflurane caused ce-
rebral vasodilatation, decreased
CPP, impaired cerebrovascular au-
toregulation and maintain COg
reactivity that support our find-

ings.(22)

Also Mostafa, et al comparing
neuroprotection of propofol versus

sevoflurane using protein S100
as indicator of cerebral injury dur-
ing CPB concluded that propofol
appears to offer no advantage over
sevoflurane for brain protection
during CPB which matches our re-

sults.(23)

In contrast to our study, neuro-
logical outcome showed no signifi-
cant differences between propofol
and sevoflurane groups although
propofol decreased CBF more than
sevoflurane. This may be attribut-
ed to the facts that (1) propofol did
not impair cerebrovascular auto-
regulation regardless the concen-
tration used,(24) (2) propofol re-
duces cerebral metabolism (with a
parallel reduction in CMROy and
EEG activity) and mitigates in-
tracranial pressure (ICP),(25.26.27)
(3) propofol has been proposed to
attenuate glutamate-mediated ex-
citotoxic mechanisms by either
decreasing NMDA receptor activa-
tion, reducing glutamate release,
or recovering the function of
transporters responsible for gluta-
mate uptake into neuronal and
glial cells (4) propofol potentiates
GABAergic
mainly due to its counteracting

neuronal  activity,

effects on excitatory neurotoxici-
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ty.(28) (5) propofol has antioxidant
activity against free radicals gen-
erated during ischemia.(29)

On the
rane exhibit its neuroprotective ef-

other hand sevoflu-

fect by a dose dependant reduc-
tion in cerebral requirements, or
related to decreased apoptotic cell

death in the post-ischemic peri-
0d.(30.31)

Another important finding in
the present work is that the inci-
dence of embolic events is lower in
propofol group than sevoflurane
group. This fact may be explained
by the vasoconstrictor effect of
propofol on small arterioles and
the reduction in CBF and CMRO2,
indicates a potential of propofol to
reduce cerebral exposure to the
embolic load during CPB. This in
accordance with previous investi-
gators.(32’33) They found that pro-
pofol decreased cerebral embolisa-
tion.

The present study showed that
the heart rate is lower after induc-
tion in propofol group when com-
pared to sevoflurane group. This
may be due to the fact that pro-
pofol caused a resetting of barore-

ceptors to allow a slower HR de-
blood
pressures. Cullen, et al, and Alka

spite decreased arterial
Shan, et al. in their studies, sup-
port this finding.(34.35)

In contrast to the present re-
sults, Ozkose et al. reported brad-
ycardia during the use of sevoflu-
rane and propofol in patients
undergoing neurosurgical proce-
dures.(36)

Another finding in this study is
that the MAP is lower in propofol
group than sevoflurane group.
Propofol is known to decrease
MAP
it. This may be explained by the
fact that

SVR, negative intropic effect, and

while sevoflurane maintain
it causes decrease in
resitting of baroreceptors.(34.37)

This finding is reported by pre-
vious studies.(38.39.40.41,42)

Although propofol decreased
CBFV and incidence of embolic
events as recorded by TCD when
compared to sevoflurane. The neu-
rological outcome was the same as
revealed by CT study and neuro-
logical examination between both

groups. So propofol proved to have
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the same neuroprotective effect as
sevoflurane. The present study
could not prove the presence of di-
rect correlation between TCD and
the adverse neurological outcome
diagnosed by neurological exami-
nation and CT study. This may be
contributed to alteration of body
temperature during cooling on
CBP that decreased the CMROZ2,
changes in Paco2 that may affect
CBF and autoregulation mecha-
nisms and small size of microem-
boli (less than 200 micron) that
was not large enough to occlude
the small arterioles.(43)

Conclusion
Although propofol
the mean arterial blood pressure,

decreases

decreases cerebral blood flow ve-
locity and incidence of emboli as
monitored by transcranial Doppler
it proved to have the same neuro-
protective effect as sevoflurane on
out-

postoperative neurological

come.
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Abstract

Hypothesis: Resolution or improvement of type 2 diabetes have been
obtained so far in the range of overweight above the BMI level of 35 kg/
mZ2, which comprises less than 10 per cent of the type 2 diabetic popu-
lation. Therefore, the principal aim of this study is to verify the effect of
GBP and BPD, the two operations which have shown specific actions on
glucose homeostasis control, on type 2 diabetic patients with BMI be-
tween 30 and 35, that is mild obesity, and to compare this effect with
control patients receiving the standard of medical care.

Methods: During my fellowship at San Martino Hospital data were
collected from the multicenteric study. A group of type 2 diabetic pa-
tients were randomized into either surgical arm (BPD or GBP) or stan-
dard treatment care. Variables included weight, BMI, FPG, HbAlc, Cho-
lesterol, triglycerides and HOMA for insulin sensitivity.

Results: Significant improvement of HbAlc and FPG occurred in the
surgical group compared with no improvement or even worsening of
those levels in standard treatment care arm, this even occurred without
marked weight loss. Improvement of insulin sensitivity as measured by
HOMA was observed in the surgical group and maintained throughout
the first year.

Conclusions: Surgical option beneficially affects type 2 diabetic pa-
tients with BMI 30 to 35, without causing any excessive weight 1oss.
BPD is more effective in controlling type 2 DM than GBP. The main
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difference between the response to surgery of morbidly obese and low

BMI type 2 diabetic patients seems to be mainly due to different dia-

betes biologic severity.

Introduction
Diabetes
an expanding pandemic that

mellitus represents

contributes markedly to worldwide
and mortality. The
diabetes
among adults (aged 20-79 years)
was 6.4%, affecting 285 million
adults, in 2010, and will increase
to 7.7%, and 439 million adults by
2030l1]. There is a strong relation-
ship between obesity and type 2
diabetes mellitus (T2DM][2]. The
primary risk factor for type 2 dia-

morbidity
world prevalence of

betes mellitus is obesity, and 90%
of all patients with type 2 diabetes
are overweight or obese [3-4],

B3-cell dysfunction and insulin
resistance are the main pathophy-
siological defects responsible for
the development of hyperglycae-
mial®l. It is generally held that B-
cell function is irreversibly lost
already at the time the disease
itself and thereafter

continues to decline linearly with

manifests
time. Several studies, however,
have documented the possibility
that B-cell function may be re-
least

stored, at partially, in

type 2 diabetes [6-101,

Of major relationship to the is-
sue of f3-cell recovery in diabetes
are the following findings: (a) Bari-
atric surgery in morbidly obese
patients with type 2 diabetes can
restore euglycaemia, the acute in-
sulin response to glucoselll-14]
and insulin sensitivity[15’16]; (b)
Studies have reported that dia-
betic subjects return to eugly-
caemia and normal insulin lev-
els within days after surgery,
long before a significant weight
loss has occurred!!7]; and (c)
Whereas RYGB improves insulin
sensitivity in proportion to weight
loss, BPD improves insulin action
out of proportion to weight loss,
i.e., it normalises it at a time
when patients are still markedly
obese [18],

The results in type 2 diabetes
improvements or resolution have
been obtained so far in the range
of overweight above the BMI level
of 35 kg/m2, which comprises
less than 10 per cent of the type 2

diabetic populations. Therefore,
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the principal aim of this study is
to verify the effect on T2DM of
GBP and BPD, the two operations
which have shown specific actions
on glucose homeostasis control, in
the type 2 diabetic patients with
BMI between 30 and 35, that is
mild obesity, and to compare this
effect with control patients receiv-
ing the standard of medical care.

Patients and Methods

Throughout Fourteen month of
clinical and research fellowship at
the San Martino Hospital, Genoa
University (principal investigator
center), data had been collected
and analyzed multicenteric ran-
domized control trial that compare
the effect of Gastric bypass and
Biliopancreatic diversion on un-
controlled type 2 diabetic patients
with BMI between 30 to 35.

Study organization :

The Pilot Center Principal In-
vestigator asked the hospital Ethi-
cal Committee to authorize a mul-

ticentric study.

Subjects :

Patients with type 2 diabetes
(ADA definition, either sex, BMI
=30 and =34.9 kg.m2) meeting

the following;

Inclusion criteria:

Age between 35 and 70
years

Duration of diabetes = 5
years

Poor glycemic control (i.e.,
HbAlc = 8%) in spite of hypo-
glycemic therapy in accor-
dance with good clinical prac-
tice (GCP)

Presence of significant co-
morbidities or complications
[such as dyslypidemia, arte-
rial hypertension, impaired
renal function (i.e., an esti-
mated GFR

1.1.73m2), neuropathy, reti-

<60 ml.min-

nopathy, CVD (myocardial in-
faction, stroke, or TIA, having
than 12
months before the recruite-

occurred more

ment)].

Exclusion criteria:

Specific contraindication to
obesity surgery or GBP or
BPD (depending on the center
operation choice).

Pregnancy.

Medical conditions requiring
acute hospitalization.

Severe diabetes complica-
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tions or associated medical

conditions [such as blind-
ness, end-stage renal failure
(i.e. serum creatinine >2 mg/
dl), liver cirrhosis, malignan-
cy, chronic congestive heart
failure (NYHA class III and
V).

* Recent (within preceding 12
months) MI, stroke or TIA.

* Unstable angina pectoris.

* Psychological conditions
which may hamper patient’s
cooperation

* Geographic inaccessibility

* Any condition which, in the
judgement of the Investigator,
may make risky the participa-
tion in the study or bias the
results.

Control subjects

For each operated patient,
one T2DM control patient, of the
same gender and as close as pos-
sible for age, BMI, diabetes dura-
tion and presence of complica-
tions, meeting the same inclusion
and exclusion criteria, selected
from the list of the patients fol-
lowed by the local diabetology cen-
ter. Those patients continued to
stay on medical therapy and not

asked to undergo any examination

besides those related to their clini-
cal care, constitute a group of in-
dividuals followed-up to explore
the effect of
standard care as far as long term

surgery versus

morbidity and mortality is con-
cerned.

Prerandomization
tests :
determination of serum au-

screening

toantibodies anti-pancreas is-
let
determination of serum C-

peptide

- usual preoperative assess-
ment for major abdominal
surgery

- usual preoperative evalua-
tions for suitability to each
of the two surgical proce-
dure.

Study design :
The study
prospective

is a multicentric
2-arm randomized
controlled trial. Each center par-
the
formed only one type of surgical
procedure (GBP or BPD), depend-

ing on which one it is more famil-

ticipating in study per-

iar with. The randomization was
centralized in the organizating

center.
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Patients randomly assigned in
each clinical center with a 2 to 1
ratio to receive either immediate
bariatric surgery or standard anti-
diabetic care. Patients assigned to
bariatric surgery will undergo GBP
or BPD, depending on each partic-
ipating center. Recruitment con-
tinued, independently of the num-
ber of per
center.

recruited patients

Each center was responsible for
selecting one diabetic subject for
each operated patient, matched as
closely as possible with the pa-
tients assigned to surgical thera-
Py, to be picked up from the local
population in medical treatment.
These patients served as controls
for long term mortality and mor-
bidity.

Endpoints :

Primary endpoints :

Diabetes full remission (HbAlc
6% or below, on free diet and with
no antidiabetic medical therapy);
diabetes control (HbAlc between
7% and 6.1%,
conditions); diabetes improvement

under the same

(stable reduction of preoperative
HbAlc by at least 1%, with less
antidiabetic therapy).

Secondary endpoints:

- BMI between 22 and 30.

- Acceptable surgical mortality
and morbidity rate

- Reduction or disappearance
of the other major compo-
nents of the metabolic syn-
drome.

These endpoints evaluated lon-
gitudinally within subjects and
cross-sectionally between arms
over a 1 year period.

Study procedures :
Fully eligible
asked to provide the formal in-

patients were
formed consent to the study. After
the informed consent had been
signed, each eligible patient was
assigned at random to bariatric
surgery (GBP or BPD depending
on each center), or STC.

Randomization :

Patients had been assigned to
bariatric surgery or standard care
by means of web-based randomi-
zation procedure Computer-
generated random lists will be
used, with a 2:1 randomization
ratio (2 patients assigned to
bariatric surgery for each pa-

tient assigned to standard care),
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balanced in blocks of varying size
in random sequence, and strati-
fied according to the randomizing
center.

Surgical procedures :

Biliopancreatic diversion
(BPD) Figure: A distal two-third
gastrectomy had been carried out
aiming at leaving an about 400 ml
gastric remnant. The gastrointesti-
nal continuity had been re-
established by the
small bowel 300 cm proximal to

sectioning

the ileocecal valve, closing the in-
testinal stumps, and joining the
proximal one end-to-side to the
distal ileum at 50 cm from the ile-
ocecal valve. The distal stump of
the transacted bowel had been
anastomosed to the left corner of
the gastric stump, preferably in a
totally hand-sewn fashion. Howev-
er, any gastroenterostomy tech-
nique was allowed, according to
the surgeons preference. Chole-
cystectomy (prophylactic or thera-
peutic) had been considered part
of the operation.

Gastric bypass (GBP) Figure:
A subcardial gastric pouch with a
30%£10 ml capacity had been creat-
ed on a naso-gastric 36F calibrat-

ing tube by sectioning the stom-
ach with a linear stapler 6 cm hor-
izontally for 3-4 cm on the lesser
curve, 4 cm distal to the esophag-
ogastric junction, and then verti-
cally until attainment of the angle
of Hiss. After identification of the
Treitz ligament, the jejunum is
transected at 100 cm from the lig-
ament of Treitz and the two
stumps are closed. The distal
stump is anastomosed to the dis-
tal end of the gastric pouch. The
preferred gastro-jejunal anas-
tomosis is done by hand-sewing
one (but using any other tech-
nique the surgeon is more familiar
with it, is accepted). Finally, the
proximal stump of the transacted
bowel anastomosed end-to-side to
the jejunum 150 cm distal to the
gastroenterostomy. Cholecystecto-
my (prophylactic or therapeutic)
was considered part of the opera-
tion.

Both these procedures entail
the risk of all early (within 30 days
after operation) complications of
major abdominal surgery, that is
general complications such as
pneumonia or pulmonary embo-
lism, and surgical complications,
such as wound infection, wound
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dehiscence, stenosis of the gas-
troenterostomy, intraperitoneal or
intraluminal bleeding, anastomot-
ic leak (with possible localized or
diffuse peritonitis) sepsis and le-
sions of the biliary tree while do-
ing the cholecystectomy.

Each center performed only the
procedure that is most familiar
with it. Similarly, both laparotom-
ic and laparoscopic approaches
were accepted.

Follow-up antidiabetic medi-
cal care :

In principle, basing on the re-
sults of the pilot studies, patients
were discharged with no antidiua-
the
same pilot study had demonstrat-

betic medication. However,

ed that some patients, especially
the
month, may have occasionally

during first postoperative

high serum glucose levels.

Patients in the study asked to
measure, with the frequency de-
cided by the local diabetologist,
serum glucose level in fasting con-
ditions, before meal (s) and two
hours after meal(s). In order to
minimize beta-cell glucotoxicity,

excessively high serum glucose

levels had been then -corrected
with antidiabetic medications, at
discretion of the diabetologist, un-
til this will be proven not to be
anymore necessary. The suggested
cut-off serum glucose level is 200
mg/dl.

Statistical Considerations :

Primary analyses; The primary
aim of the study was to assess the
efficacy of bariatric surgery in in-
ducing clinical remission of type 2
diabetes mellitus in mildly obese
patients (BMI 30-35). To this pur-
pose, all randomized patients, at 1
month, 6 months, 1 year were
classified as follows:

1. Diabetes full remission
(HbAlc 6% or below, on free
diet and with no antidiabetic
medical therapy).

2. Diabetes control (HbAlc be-
tween 7% and 6.1%, under
the same conditions).

3. Diabetes
(stable reduction of preoper-
ative HbAlc by at least 1%,
with less antidiabetic thera-
py)

4. Failure (none of the above).

improvement

In the primary analyses of the
study, the percentages of surgery
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patients achieving a Diabetes full
and that of those
achieving Diabetes control or Dia-

remission,

betes full remission were com-
pared with the percentages of STC
patients achieving a Diabetes full
and that
achieving Diabetes control or Dia-

remission, of those
betes full remission by means of
the standard chi-square test for
the comparison of percentages.

Results
This figure shows significant
weight loss in surgical group after
one year,with slight weight gain in
the standard medical care group.

This figure shows significant
reduction of fasting plasma
glucose level in surgical group
with no or even slight worsen-
standard medical

ing in care

arm.

Significant reduction of HbAlc
level in the surgical group more in
the BPD subjects than GBP sub-
jects with no or even worsening of
HbAlc level in the standard medi-
cal care arm.

Significant improvement was
detected in surgical group, more
in BPD operated patient.
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Duodenal Transection Gastroenterostomy

Duodenal Transection Gastroenterostomy
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Discussion
Weight loss achieved by life-
style interventions has been

shown to be effective in preventing
and treating T2DMI19-21] Howev-
er, conventional treatment such
as lifestyle modification, and phar-
macotherapy has produced small
improvements in weight!21-24], By
contrast, bariatric surgery has
been shown to effectively provide

durable weight loss!25].

Currently, bariatric surgery is
now considered appropriate for
T2DM patient with BMI > 35 kg/
m2. Bariatric surgery leads to re-
mission of T2DM in the majority of
patients and improvement in the
rest(26],
clinical and animal studies indi-
that bariatric/metabolic

Growing evidence from

cates

surgery may be beneficial for
T2DM in non-severely obese or
even non-obese patients (BMI < 35
kg/m?2) [27. 28],

International Diabetes Federa-
tion (IDF) has released its position
statement [29]: Surgery should be
an accepted option in people who
have T2DM and BMI of 35 more.
Surgery should be considered as
an alternative treatment option in
persons with BMI 30 to 35 when
diabetes cannot be adequately
controlled by optimal medical regi-
men, especially in the presence of
other major cardiovascular dis-
ease risk factors. The surgical ap-
proach is now being extended to
overweight and mild to moderate
obese (BMI <35 kg/mz) patients
with T2DM.
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The concept of metabolic sur-
gery was defined by Buchwald and
Varco in 1978 in their book “Meta-
bolic Surgery” as the operative
manipulation of a normal organ or
organ system to achieve a biologi-
cal result for a potential health
gain” [30], Now, metabolic surgery
is defined as any modification of
the (GD)
where rerouting the food passage

gastrointestinal tract,
seems to improve T2DM, based on
mechanisms that are weight loss
independent. This new frontier of
bariatric/metabolic surgery in-
cludes the application of conven-
tional bariatric procedures (RYGB,
BPD, SG, MGB) and the introduc-
tion of new procedures (DJB, II-
SG, II-DSG, BPD-SPP) designed
with the specific aim of having
metabolic effects irrespective of

causing massive weight loss.

This study, to our knowledge
the first multicenteric randomized
clinical trial comparing surgically
induced remission of diabetes
with standard medical therapy for
management of type 2 diabetes
with BMI between 30-35 partici-

pants.

Even the procedures that typi-

cally produce the greatest reduc-
tion in BMI and excess weight
in morbidly obese patients did
not affect a similarly dramatic
BMI reduction in the low-BMI pa-
tients [311,

Scopinaro et al. reported that
BPD does not entail risk of exces-
sive or undue weight loss because
there is a maximum energy ab-
sorption capacity after the opera-
tion, which corresponds to a
weight of stabilization of low BMI
patients[321. The similar homeo-
static mechanism may explain
weight stabilization without caus-
ing undesirable weight loss after
surgical procedures including in-
testinal bypass. By the end of one
year fellowship BMI stabilized at
26.0+2.5 kg/m? in BPD group,
24.65+2.1 kg/m?2 in GBP group
and at 32.83+2.6 kg/m? in control
group with P value of 0.004. no re-
ported malnutrition in the surgical
group with significant increase in
the mean BMI of the control

group.

Discontinuation of anti-diabetic

medication and remission of
T2DM after

were

metabolic surgery

achieved in 86.8% and
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64.7% of the patients with FPG
and HbAlc approaching slightly
above normal range. Moreover,
metabolic surgery provided ade-
quate glycemic control for 30.1%
of the patients using insulin prior
to surgery. It has been described
that malabsorptive bariatric pro-
cedures have higher diabetes re-
mission rates than restrictive
ones!27.33], Diabetes had been re-
solved in 45% patient out in BPD
and 20% patients in GBP however
worsening of diabetes has been
observed in the control group, evi-
denced by increase diabetic medi-
cations and shift to insulin in 2
patients.

There is no strong evidence de-
scribing the durability of metabol-
ic surgery in long term follow up.
Two studies showed durable dia-
betes remission of T2DM during
5-18 years period after MGB and
BPDI34.,35]
studies of bariatric surgery for
T2DM  patients with  severe
obesity showed that 24%-43% of
the patients with initial remis-

By contrast, recent

sion or improvement of their
T2DM subsequently developed
T2DM recurrence or worsening
during the mid- to long-term

follow up period!36:37] This clin-
ical fellowship is only fourteen
month duration, we are waiting
long term results.

The aim of this study was to in-
vestigate if Surgery resolves or im-
proves type 2 diabetes in patients
with BMI 30 to 35, without pro-
voking excessive weight loss. One
year after operation, mean body
weight and BMI being stable since
the fourth month, none of the op-
erated patients had any excessive
weight loss, and, according to our
definitions, full resolution was ob-
tained in 45% of the cases in BPD
group, control in 73%, and im-
provement in 27%.

When compared to the control
group, all patients in the surgical
group had a 1-year better outcome
than all controls, the observed de-
crease of FSG and HbAlc being
largely accounted for by an in-
crease of the amount of therapy in
the majority of patients.

As to the other components of
the metabolic syndrome, waist cir-
cumference normalized in the vast
majority of patients, and the per-
centage of hypertensive patients
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was reduced to one-third of preop-
erative, with improvement in all
the non-normalized cases. Postop-
erative serum cholesterol changes
were those usually seen after
BPD, as far as both total and
HDL-cholesterol are concerned.

The conclusions that can be
drawn from the present study are:
Surgery beneficially affects type 2
diabetes also in patients with BMI
30 to 35, without causing any ex-
cessive weight loss; BPD is more
effective than GBP in controlling
diabetes in this category of pa-
tients. The main difference be-
tween the response to surgery of
morbidly obese and low BMI type
2 diabetic patients seems to be
mainly due to different diabetes
biologic severity, and this differ-
ence is such that even suggests to
consider these conditions as two
different diseases.
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Abstract

Background: The aim of the present work is to study the metabolic
aspects of the ghrelin and to study some mechanisms that may be of
help in the understanding and treatment of those pathological condi-
tions characterized by insulin resistance and its evolution toward (type
2) diabetes. Materials and Methods: Twenty four male rats were divided
into two main groups, twelve rats per each group. In vivo group was di-
vided into control one and ghrelin- treated one, (0.2 ug per rat for 4
days), where fasting serum glucose and plasma free fatty acids (FFA)
were measured. In vitro group included experiments on epididymal fat
pad (EFP), hemidiaphragm and liver slices to study the effect of ghrelin
(1 nM) on basal and insulin-induced glucose uptake and free fatty acids
(FFA) release. Results: ghrelin caused a highly significant increase in
both of fasting serum glucose level (157+13.4mg/dl) and also in fasting
plasma FFA level (50.8 + 15.5mg/dl). However, it caused a significant
Increase in insulin-stimulated glucose uptake by EFP in the presence of
supraminimal and supramaximal insulin concentrations (2.543 + 0.98
and 3.431 + 0.25) mg/gm wet tissue / hour) and also by hemidiaph-
ragm in the presence of supraminimal and supramaximal insulin con-
centrations (3.99 + 0.42 and 5.112 + 0.97) (mg/gm wet tissue/hour).
Also, it increased net glucose output by liver slices in the presence of
supraminimal and supramaximal insulin concentrations (-4.771 + 1.9
and - 4.003 = 1.22) (mg/gm wet tissue / hour). It decreased FFA release
from EFA release from EFP in the presence of supramiimal and supra-
maximal insulin concentrations (0.511 + 0.21 and 0.435 + 0.2) (mg/gm
wet tissue/hour), hemidiaphragm in the presence of supraminimal and
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supramaximal insulin concentrations (0.541+0.1 and 0.511+0.16) (mg/

gm wet tissue/hour) and liver slices in the presence of supraminimal

and supramaximal insulin concentrations (0.698 + 0.14 and 0.691 +

0.23) mg/gm wet tissue/ hour).

Conclusion : Ghrelin increased serum glucose level and plasma FFA

level. It potentiated the effect of insulin on glucose uptake in EFP and

hemidiaphragm. It decreased hepatic insulin sensitivity and responsivi-

ty and enhanced the suppressive effect of insulin on FFA release from

different peripheral tissues.

Introduction

Ghrelin is a gut-brain peptide
which has somatotropic and food
intake increasing effects. But its
impact on substrate metabolism
is controversial: (Ifound hyper-
glycemia in rats following chron-
ic ghrelin administration never-
theless plasma insulin did not
change. However,(2) supported
the role of ghrelin in inhibiting in-
sulin release. This was supported
by(3) who found that ghrelin re-
ceptor antagonists, markedly low-
er fasting glucose concentration
and attenuate plasma glucose ele-
vation. On the contrary,(‘” ob-
served that ghrelin stimulated in-
sulin release in the presence of
high, but not basal, glucose con-
centration.

Ghrelin has been reported to
increase body fat, also indepen-

dently of changes in food in-
take(®). A specific effect of ghrelin
on lipid metabolism was suggest-
ed by the observation that rodents
treated with ghrelin showed en-
hanced fat content independently
of feeding behavior. However,

under fasting it may enhance
the growth hormone lipolytic ac-
tion(®). So, the aim of the present

work is to clarify:

1) the effect of ghrelin on serum
glucose level and plasma FFA level
in rats 2) the effect of ghrelin on
basal and insulin-stimulated glu-
cose uptake by different tissues 3)
the effect of ghrelin on FFA release
in presence or absence of insulin
in such tissues.

Materials and Methods
“Experimetal Animals :

Twenty four male Sprague-
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Dawley rats, weighing 150 to 250
grams, were used in this work.
The animals were housed in the
laboratory of Medical Experimen-
tal Research Center (MERC) un-
with
constant temperature (24-26 and
humidity (50-60 %). Standard rat
chow and water
Rats
these

der controlled conditions,

were allowed.
were acclimated under
conditions for one week.
The animals were studied in the
fasting state, and these tissues
were obtained:

* Adipose Tissue:

tained from epididymal adi-

was ob-

pose tissue
e Skeletal Muscle:
tained

was ob-

from hemidiaph-
ragm

* Liver Slices: were obtained
from right lobe of the liver.

Chemicals and Drugs Used

* Ghrelin: in the form of lyo-
philized powder of acylated
purchased from Sigma Al-
drish (100 pg). It was dis-
solved in 1% Acetic Acid and
stored at - 22°C

* Insulin: actrapid insulin, in
the form of ampoule contain-
ing 10 ml in a concentration
of 100 IU per ml.

Experimental Groups :

I. In Vivo Experiments

1. Control group -containing
six rats

2. Ghrelin-treated group con-
taining six rats treated with
subcutaneous injection of

ghrelin at a dose of 0.2 pg

per day for four subsequent

days (1)

- Blood samples were taken
from the fasting rats through in-
tracardiac blood sampling meth-
od for determination of:

* serum glucose level

* Plasma free fatty acids (FFA)

level .

II. In Vitro Experiments :

A. Experiments on Epididy-

mal Fat Pad ( EFP)

1. Studying basal glucose up-
take and free fatty acids
(FFA) release

2. Studying glucose uptake
and free fatty acids (FFA) re-
lease in the presence of
ghrelin (1 nM)

3. Studying glucose uptake
and free fatty acids (FFA) re-
lease in the presence of su-
praminimal concentration of
insulin (100 pU per ml).
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4. Studying glucose uptake

and free fatty acids (FFA) re-
lease in the presence of
ghrelin (1 nM) and supra-
minimal concentration of in-
sulin (100 pU per ml)
Studying glucose uptake
and free fatty acids (FFA) re-
lease in the presence of su-
pramaximal concentration
of insulin(10 mU per ml)
Studying glucose uptake
and free fatty acids (FFA) re-
lease in the presence of
ghrelin (1 nM) and supra-
maximal concentration of

insulin(10 mU per ml)

Experiments on Hemidi-
aphragm :

Studying basal glucose up-
take and free fatty acids
(FFA) release (Control group)

Studying glucose uptake
and free fatty acids (FFA) re-
lease in the presence of
ghrelin (1 nM).

Studying glucose uptake
and free fatty acids (FFA) re-
lease in the presence of su-
praminimal concentration of
insulin (100 pU per ml)

Studying glucose uptake
and free fatty acids (FFA) re-

lease in the presence of
ghrelin (1 nM) and supra-
minimal concentration of in-
sulin (100 pU per ml)
Studying glucose uptake
and free fatty acids (FFA) re-
lease in the presence of su-
pramaximal concentration of
insulin (10 mU per ml)
Studying glucose uptake
and free fatty acids (FFA) re-
lease in the presence of
ghrelin (1 nM) and supra-
maximal concentration of

insulin (10 mU per ml)

. Experiments on liver slices

Studying net glucose up-
take and free fatty acids
(FFA) release (control group)

Studying net glucose up-
take and free fatty acids
(FFA) release in the presence
of ghrelin (1 nM).

Studying net glucose up-
take and free fatty acids
(FFA) release in the presence
of supraminimal concentra-
tion of insulin (100 pU per
ml)

Studying net glucose up-
take and free fatty acids
(FFA) release in the presence
of Ghrelin (1 nM) and su-
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praminimal concentration of
insulin (100 pU per ml)

5. Studying net glucose up-
take and free fatty acids
(FFA) release in the presence
of supramaximal concentra-
tion of insulin (10 mU per
ml).

6. Studying net glucose up-
take and free fatty acids
(FFA) release in the presence
of Ghrelin (1

pramaximal

nM) and su-
concentration
of insulin(10 mU per ml).

Incubation Medium
The
ployed was Krebs Ringer Bicar-

incubation medium em-

bonate Buffered Solution (KRBBS)

Measured parameters :
Serum glucose level, plasma
FFA level, tissue glucose uptake

and FFA release.

Statistical Analysis :

Values were expressed in the
form of mean ( +/-) SD which are
done by using excel program for
figures and SPSS (SPSS, Sigma
Plot Software, Inc, Chicago, IL)
program statistical package for so-
cial science version 16,

Results as illustrated in tables
1, 2, 3 and 4 and figures 1, 2, 3
and 4
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Discussion
Ghrelin is a gut peptide pre-
dominantly produced by the stom-
ach, but also by other regions of
the tract(7.8),
Ghrelin circulates in the blood-

gastrointestinal

stream in two forms: acylated and
unacylated. Ghrelin has a fatty-
acid modification that allows bind-
ing to and activation of the growth
hormone secretagogue
type la (GHS-R1a(?).

receptor

In this study, ghrelin signifi-
cantly increased serum glucose
level. This is in agreement with
the work oft9) who found an in-
crease in serum glucose level fol-
lowing ghrelin administration both
in rats and also in human studies.
Also0,(10) reported an increase in
blood glucose level following
chronic ghrelin demonstration in

normal and obese subjects.

The increase in blood glucose
level could be explained by de-
creasing insulin release from
pancreas which may be either
by central or peripheral mecha-
nisms(!1): The central mecha-
nism : the pancreas is innervated
by parasympathetic nerve fibers

originating from dorsal vagal com-

plex that modulate pancreatic se-
cretion via cholinergic synapses.
Dorsal vagal
ghrelin sensitive neurons that me-

complex contain

diate an orexigenic effect and pan-
creatic enzyme secretion(12). The
through
inhibiting insulin secretion from

peripheral mechanism:

the pancreas by both direct and
indirect mechanisms : The direct
effect: ghrelin receptors are ex-
pressed in both human and rat
The
acutely stimulating

pancreatic islets(2)- indirect
effect : by
pancreatic polypeptides particu-
larly somatostatin which could ex-
plain the suppression of insulin

level(13),

The direct effect is explained by
the insulinostatic action of ghre-
lin, through the following mecha-
nisms: (1) ghrelin attenuates
[Ca2+]i in B-cells (2) ghrelin acti-
vates Kv currents in f-cells (3)
ghrelin uses G-protein Gai2 in p-
cells(14),

Also, this increase in blood glu-
cose level following ghrelin injec-
tion could be attributed to an in-
crease in insulin resistance and
decrease in insulin sensitivity in-

dependent of growth hormone

53



Mohamed A. Abo El-Enien, et al...

action. Studies in growth hormone
deficient human subjects showed
that
an increase

injection of ghrelin caused
in blood glucose
level followed by an eventual in-
crease in insulin concentration.
Both glycemia and insulin levels
are raised compared to placebo
control following a meal which is

indicative of worsened insulin sen-

sitivity (19),
Also, this condition of in-
creased insulin resistance is

observed in humans after coad-

minstration of ghrelin and
growth hormone receptor antago-
nists which could suggest a direct
role of ghrelin on insulin resis-

tance (16),

The hyperglycemia could be at-
tributed to increase in net hepatic
glucose production. The underly-
ing mechanism may be: blocking
insulin’s inhibitory effect on the
gene expression of key gluconeo-
genic enzymes as found in hepato-
ma cell line by (17),

The effect of ghrelin on blood
glucose level could be a direct one
independent of growth hormone.
This also

was reported by a

conclusive study by (18) performed
in hypopituitary subjects in whom
ghrelin infusion induced hypergly-
cemia under basal conditions.
Further confirmations have been
obtained in rodents where ghrelin
was found to have similar rapid
hyperglycemic effects in growth
hormone deficient mice(2). Con-
troversial studies have proved an
effect
growth hormone release by the

work of (13),

indirect mediated by

In this study, ghrelin has no
significant effect on basal glucose
uptake by epididymal adipose tis-
sue but significantly increased
glucose uptake in the presence of
both supraminimal and supra-
maximal insulin concentrations
suggesting that ghrelin acts syner-
gistically with insulin. This is in
agreement with the work of (19)
who demonstrated an increase in
insulin-stimulated glucose uptake
in isolated epididymal adipose tis-
sue in a dose dependent manner.
Rat epididymal fat pad expresses
GHS-R 1(a) mRNA(19), suggesting
that ghrelin may directly influence
adipocyte function.

Studies using the adipocyte cell
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line have demonstrated potenti-
ation of insulin-stimulated glu-
cose uptake(20).  Interestingly,
these studies also found that
ghrelin induced a significant in-
crease in basal glucose uptake in
these cells. In contrast,(21) found
that had

no effect on insulin-stimulated

ghrelin pre-treatment

glucose uptake in a brown adipo-
cyte cell line. The differences be-
tween these results and ours may
reflect differences in cell type.
Also,(22) found that basal and in-
sulin-stimulated glucose uptake
by adipose tissue decreased with
ghrelin.

In this study, ghrelin has no
significant effect on basal glucose
uptake by hemidiaphragm but sig-
nificantly increased glucose up-
take in the presence of both su-
praminimal and supramaximal
insulin concentrations suggesting
that ghrelin acts synergistically
with insulin. This is in agreement
with the work of(19) who demon-
strated an increase in insulin-
stimulated glucose uptake in iso-
lated epididymal adipose tissue in

a dose dependent manner.

The insulin stimulation of glu-

cose uptake in adipose and mus-
cle tissue occurs through complex
signalling pathway acting through
the insulin receptor tyrosine ki-
nase. The primary effect is to pro-
mote the movement of the GLUT-4
protein from intracellular storage
sites to the plasma membrane.
Ghrelin induced increases IRS-1
but
when the adipocytes were treated

and AKT phosphorylation,

with wortmannin, a PI3K inhibi-
tor, completely blocked this ghre-
lin induced increase in glucose
transport and phospho-AKT ex-
pression(20), suggesting that the
direct effects of ghrelin on insulin-
stimulated glucose uptake are me-
diated by the GHSR1a and PI3K/
AKT activation.

The results of the present study
demonstrated that ghrelin has no
significant change in basal net
glucose uptake by the liver slices.
However, ghrelin increases net
glucose production in the pres-
ence of insulin suggesting antago-

nism of insulin action.

Ghrelin could act via a non-
GHS-R1a, since the GHS-R1a has
not been clearly demonstrated in
liver(17). Therefore, it may act by
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unidentified type (s) of ghrelin re-
ceptors.

The
may be: blocking insulin’s inhibi-

underlying mechanism

tory effect on the gene expres-
sion of Kkey gluconeogenic en-
zymes as found in hepatoma cell

line by (17),

Insulin inhibits gluconeogene-
sis, through the activation of the
insulin receptor (IR). It acts pre-
dominantly by suppressing the
expression of the genes for the
key gluconeogenic enzymes phos-
phor-enol-pyruvate-carboxykinase
(PEPCK) and
phosphatase (G6Pase) (23). In (rat
hepatoma cell line) and (human

glucose -6-

hepatocellular carcinoma cell line)
ghrelin was shown to affect insu-
lin receptor substrate (IRS1) and
its downstream molecules, includ-
ing growth factor receptor-bound
protein 2 (Grb2)
activated protein kinase (MAPK).

and mitogen-

In this study, ghrelin caused a
highly significant increase in plas-
ma FFAs level. This is in agree-
ment with the work of (24), This ef-
fect could be explained by indirect
effect of ghrelin to stimulate lipoly-

sis through the release of growth
hormone and inhibition of insulin
secretion (24).

We have investigated the direct
effects of ghrelin on FFAs release
from epididymal fat pad in vitro. It
was observed that ghrelin caused
a non-significant decrease in FFAs
release. Addition of supraminimal
and supramaximal concentrations
of insulin caused a significant de-
crease in FFAs release. Addition of
ghrelin (1 nM) to the incubation
medium with insulin in both con-
centrations caused a more signifi-
cant decrease in FFAs release.

(25) found that ghrelin sup-
pressed glycerol release from cul-
tured epididymal adipocytes. In
addition, isoproterenol-stimulated
lipolysis was significantly reduced
by simultaneous ghrelin treatment
in a dose-dependent manner in vi-
tro (3). Although the precise mech-
anisms governing the release of
FFAs by ghrelin remain to be elu-
cidated (26),

We have also investigated the
effects of ghrelin on FFAs release
from hemidiaphragm. It caused a
non-significant decrease in free
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fatty acids (FFAs) release. Howev-
er, addition of ghrelin (1 nM) with
insulin in both concentrations
caused a more significant de-
crease in FFAs release suggesting
potentiation of insulin action in

inhibiting lipolysis.

(27) found that ghrelin induces
lipid accumulation in specific ab-
dominal depots; liver and skeletal
muscle inducing muscle and liver
steatosis. Also(28) proved that
ghrelin induces GHS-R-dependent
hepatic steatosis.

In the present study, we have
investigated the effects of ghrelin
on FFAs release from liver slices.
It caused a non-significant de-
crease in free fatty acids (FFAs) re-
lease. Addition of supraminimal
and supramaximal concentrations
of insulin to the incubation medi-
um caused a significant decrease
in FFAs release. Addition of ghre-
lin (1 nM) with insulin in both
concentrations to the incubation
medium caused a more significant
decrease in FFAs release. (28) re-
ported that sterol-regulatory ele-
ment-binding protein (SREBP1c),
the master regulator of hepatic
lipogenesis, was tripled by ghrelin

exposure. However, SREBP1c does
not regulate lipid synthesis in
WAT (29),

The data in this work support a
direct role for ghrelin in enhancing
insulin-inhibited FFAs release in
isolated epididymal adipose tis-
sue, hemidiaphragm and liver slic-
es. This is in agreement with the
work of (17) who found that ghre-
lin induces adiposity in rodents
and stimulates insulin-signaling
cascade in various cell lines.

In the present study, ghrelin
and insulin had the same effects
on lipid metabolism in hemidiaph-
ragm, adipose tissue, as well as,
in liver slices, where both of them
favor lipid storage as triacylglyce-
rol (TAG). These effects may be lo-
cated at the level of the receptor in
the coupling between the receptor
and the intracellular mediators re-
sulting in the modulation of cellu-
ar lipid oxidation.

Conclusion
Ghrelin increases fasting blood
glucose level and fasting plasma
FFA level. It has no direct effect on
basal glucose uptake or FFA re-

lease by peripheral tissues. It
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potentiates insulin-stimulated glu-
cose uptake by adipose tissue and
It enhanced the
suppressive effect of insulin on

muscle tissue.

FFA release from different periph-
eral tissues. The hyperglycemic ef-
fect of ghrelin is partially due to
antagonism of insulin-stimulated
net glucose uptake by liver. This
antagonism is due to the decrease
in both sensitivity and responsivi-
ty to insulin. So, ghrelin defends
against low blood glucose level
during fasting state. However, this
effect is reversed after food intake
while it enhances insulin-
stimulated glucose uptake. Also, it
defends fat loss by increasing sub-
strate availability through glucose
uptake and inhibiting FFA release.
So, it preserves energy in the form
of fat

Future Studies

* Comparing the effect of ICV
administration of ghrelin and
the effect of subcutaneous
ghrelin administration.

* Prove that centrally admin-
string ghrelin may induce fat
accumulation which seems
independent of
food

increasing

intake (this work in-

cludes the measurement of
body weight of rats).

* Test the role of sympathetic
nervous system and adrenor-
eceptor expression and func-
tion in the fat accumulating
effect of ghrelin administered
centrally or peripherally or
applied in vitro to adipocytes.

Recommendations

Any attempt to reduce stored
fat by restricting caloric is less ef-
fective as ghrelin action in reserv-
ing energy in the form of fat in-
creases by fasting. Thus, even if
the one is able to overcome the
orexigenic influence of ghrelin spe-
cially ghrelin induced desire to
consume fat, the sustained circu-
lating ghrelin converts ingested
calories into stored fat. This un-
lucky sequence of events is exac-
erbated by the fact that postpran-
dial
ghrelin is

suppression of circulating
less pronounced in
obese subjects and after the con-
sumption of fatty food. In con-
trast, it is interesting to note that
weight loss associated with main-
tenance on a low fat high carbohy-
drate diet is not accompanied by
an increase in circulating ghrelin.
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Therefore, it seems that ghrelin
may defend stored lipid from utili-
zation. Thus, interruption of ghre-
lin signaling at least intermittently
is an essential element in order for
such regimes to be effective.
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Abstract

Objective: The purpose of this study was to detect the effect of vari-
ous occupational factors, on the risk of preterm delivery among working
women attending the delivery suite at the Obstetric and Gynecology De-
partment at Mansoura University Hospital .

Study design: The study was a hospital-based non-matched case-
control study conducted during the period from 15t of April 2011 to the
315! of March 2013.

Setting: Department of Obstetric and Gynecology, Mansoura Univer-
sity Hospital.

Methods: The study included 326 working pregnant women who de-
livered a preterm single baby (<37 weeks) (Cases) and 1014 working
pregnant women who delivered a single baby at term (= 37 weeks) (Con-
trols). Analysis of the working conditions were carried out for women
who were working for at least the third month of pregnancy. Exclusion
criteria were pregnant women with previous abortion, previous preterm
delivery, women with multiple pregnancy, congenital malformation, pla-
centa praevia, oligohydramnios, polyhydramnios, cerclage in situ, Pre-
term Rupture Of Membranes (PROM), stillbirth and complications dur-
ing current pregnancy (bleeding and/or fetal problems). Occupational
factors were measured using a pre-designed administered question-
naire, which included factors describing job and working conditions.
The women were interviewed after delivery. Data including pregnancy
outcome were obtained from clinical hospital records. Logistic regres-
sion analysis was used to adjust for well-known risk factors.

Results: Among working women, an excess risk for preterm delivery
was observed for women working = 40 hours per week P < 0.05 (OR 1.7,
CI: 1.0-3.03), shift work P < 0.05 (OR 1.4, CI: 1.02-1.8), or standing > 6
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hours per day P< 0.05 (OR 1.3, CI:1.0-1.8), demanding posture for = 3
hours per day P< 0.05(OR 1.4, CI: 1.03-1.9), and carrying heavy weight
P <0.05(0OR 1.6, CI: 1.01-2.4). Excess risk was also observed for wom-
en having temporary contract P< 0.05 (OR 1.4, CI: 1.04-1.9). There was
no association between preterm delivery risk and long commuting time
to work, night work, work on assembly line, noise, cold or hot environ-
ment (P > 0.05), Also, no statistically significant difference was observed
with the possibility to sit when standing, pushing or pulling objects,
and absence of breaks.

Logistic regression analysis revealed strong predictive effect for both
physical work demands (OR = 3.94, 95% CI: 1.03-18.19) and heavy
weight carrying (OR =2.76, 95% CI: 1.98-8.74) on preterm delivery. Pre-
dictive effects were also observed between long working hours, pro-
longed standing (> 6 hours), and temporary contract on the risk of pre-
term delivery (P < 0.05).

Conclusion: Certain occupational factors experienced by working
pregnant women can increase the risk of having preterm delivery, this
can provide relevant information on possible preventive measures to re-
duce the risk of preterm delivery among working pregnant women and
its related serious sequel .

Introduction was 144/1000 live births, com-

Preterm birth, defined as birth
at < 37 completed weeks of gesta-
tion, is considered to be a major
risk factor for subsequent morbid-
ity and mortality of newborn(1), It
is the most important single deter-
minant of adverse infant outcome
in terms of both survival and qual-
ity of life(2). In the UK, infant mor-
tality among preterm births was
42 /1000 live births in 2005, com-
pared with 5/1000 live births
overall. For very preterm births (at
< 32 completed weeks of gesta-
tion), mortality in the first year

pared with 1.8/1000 live births
for babies born at term(3). Very
preterm birth accounts for 1.4% of
UK births and 51% of infant
deaths (4). Risk of death or neuro-
sensory disability increases with
agel2)-

Moreover, preterm birth may have

decreasing gestational

huge psychosocial and emotional
effects on the family, as well as
being costly for health services(®),
Consequently, prevention of pre-
term birth is important, not as an
end in itself but as a means of im-
proving outcome for the child.
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Although preterm birth may be
linked to different mechanisms, a
certain number of risk factors of
this
been identified, such as those re-

pregnancy outcome have

lated to maternal risk factors (e.g.
age,
ral factors, marital status, educa-

body mass index, behaviou-
tion) and obstetric risk factors
(e.g. parity, complications, previ-
ous events). Nevertheless, it is
likely that risk factors remain un-

discovered(6).

Studies on the relation between
employment and preterm delivery
have yielded conflicting results(?),
The decision to work during preg-
nancy reflects a large variety of
factors such as education, social
support, and health status that
are independently linked to the
risks of preterm birth(8:9). In
many studies, women who are em-
ployed have a lower risk of pre-
term birth than women who are
not employed(10) and studies that
have failed to find any association
between working and adverse pre-
gnancy outcome(ll) have generally
only compared working and non-
working populations, rather than
investigating the characteristics of
the work itself(12). Nonetheless, a

broad range of studies have found
that certain working conditions, in
particular physically strenuous or
fatiguing work, increase the risk
of preterm birth(13). Also, several
published literature reviews and
meta-analysis have pointed out
that physical work demands, long
working hours, shift work and/
or measures of job stress may
be associated with these outcomes
(8.9). However, a large number of
studies focused on the impact
of occupation or job title on
pregnancy outcomes(13.14), or on
a reduced number (a maximum
of 3 or 4)

tors(15:16.17) or on occupational

of occupational fac-

factors evaluated through a job-
exposure matrix (i.e. derived from
titles) that
several shortcomings

job may present
in terms
of exposure misclassification or
actual

employ-

underestimation of the
risk(18.19), Identifying
ment related risk factors for pre-
term delivery is of particular im-
portance because these risks are
amenable to change through poli-
cies granting work leaves or modi-
fying working conditions during
pregnancy. In contrast, most other
risk factors for preterm birth can-
not easily be changed (20),
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Studies in this area are lacking
in Egypt, and as a growing per-
centage of women work outside
home before, during and after
pregnancy, work and its related
occupational factors deserve to be
studied in relation to preterm de-

livery among Egyptian women.

The aim of this study was to
detect the effect of various occupa-
tional factors, on the risk of pre-
term delivery among working
the
suite at the Obstetric and Gyne-

women attending delivery
cology Department in Mansoura
University Hospital (MUH).

Subjects and Methods

This study was conducted at
the Department of Obstetric and
Gynecology at Mansoura Univer-
sity Hospital (MUH) during the
period from 1St of April 2011 to
the 318t of March 2013. MUH
is a pooling hospital which re-
ceives patients from Mansoura
city and the adjacent districts.
The study was a hospital-based
non-matched case-control study.
It included 1340 working preg-
nant mothers who attended the
delivery suite during the study pe-
riod.

The study included all working
pregnant women fulfilling the cri-
teria of eligibility which were de-
fined as only women who worked
(other than housework) for at least
three months from the start of
pregnancy, based on the assump-
tion that there is a minimum du-
ration of exposure before a work-
ing condition becomes a risk
factor for preterm birth (20). So,
working conditions were ascer-
tained for the first three months of
the pregnancy.

Exclusion criteria were preg-
nant women with previous abor-
tion, previous preterm delivery,
women with multiple pregnancy,
congenital malformation, placenta
praevia, oligohydramnios, polyhy-
dramnios, cerclage in situ, Pre-
term Rupture Of Membranes
(PROM), stillbirth and complica-
tions during current pregnancy
(bleeding and/or fetal problems).

Classification whether preterm
or term, was based on accurate
estimation of the gestational age.
The latter was calculated from the
mother’s expected delivery date
(that
menstrual

was derived from last

period, and clinical
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examination, as well as from ul-
trasound examination) compared
with the actual date of the baby’s
birth.

Cases (preterm group): (N=326)
were all singleton preterm deliver-
ies (from 24 completed weeks up
to < 37 weeks of gestation) over
the study period. While, the con-
trols (term group): (N=1014), de-
fined as full term singleton birth
(37 completed weeks of gestation
or over) over the same period. For
each case, 3 simple randomly se-
lected unmatched controls were
chosen.

A verbal consent was taken af-
ter explaining the study for the
woman, requesting her participa-
tion, and verifying her eligibility.

For all mothers with preterm
delivery and their controls, infor-
mation on social and demographic
characteristics, occupation, work-
ing conditions, lifestyle behaviors,
and obstetric history was obtained
by interviewing the woman at the
maternity ward after the delivery
using a self-completed question-
naire, while information on the
pregnancy, delivery, the vital stat-

us of the newborn or the fetus,
and gestational age at delivery
was extracted directly from the
hospital medical records.

The questionnaire documented
the following working conditions:
work contract (permanent, con-
tract post); schedule (hours and
consecutive days worked per
week, evening (6.00 PM to 10.59
PM), or night work (11.00 PM to
5.59 AM); posture (sitting, stand-
ing, other demanding postures);
effort (lifting [weight
and frequency], pushing, and pull-

physical

ing objects);
(breaks,

line work); and environmental oc-

work organization
piecework or assembly

cupational conditions (e.g. temper-
ature, exposure to environmental
tobacco smoke). The questions
were constructed after

existing literature(21,22.23) Occu-

reviewing

pation was coded using the Inter-
national Standard Classification of
Occupations, ISCO-8(24), The final
section of the questionnaire docu-
mented obstetric history, mother’s
medical profile (before and during
pregnancy), newborn’s character-
istics (gender, weight, birth date,
expected date of delivery accord-
ing to the physician, congenital
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anomalies), mother’s lifestyle
(drug consumption, physical activ-
ity, and consumption of caffeine in
third trimester), and sociodemo-

graphic characteristics.

The dependent variable was
preterm birth, while working con-
ditions were the explanatory fac-
The
variables describing working con-

tors under investigation.
ditions, presented by category in
table 2, included the daily time
commuting from home to work,
weekly working hours, night work,
shift

strenuous

work, standing position,
(bending,

squatting or

postures
twisting, kneeling,
holding arms at shoulder level or
above), carrying heavy loads (car-
rying up to 5 Kg, carrying 5-20
Kg, carrying >20 Kg), work with
industrial machines, assembly
line work, some specific exposures
such as paints), noise (measured
“At

work were you exposed to noise so

by the following question:

loud that you had to raise your
voice to talk to people?’; women
who answered occasionally, often,
or very often were considered as
exposed), and some indicators of
mental loads such as work at high

speed, lack of pause (no rest room

or other pauses at own conven-
ience). Also, some well-known risk
factors for preterm delivery, pre-
sented by category in table 1, de-
the
completed questionnaire: mater-
nal age; Body Mass Index (BMI)
calculated the
weight in Kg/(height in meter)Z;
smoking

rived either from self-

from formula:

status: (non-smoker,
smoker) and educational level (de-
fined as illiterate / Read & write,
<secondary, secondary, > secon-
dary) as
economic status or extracted from
the
pregnancy, parity, and region(ur-

a marker of socio-

hospital records: planned

ban/rural) were studied.

The analysis included the con-
founding factors presented in ta-
ble 1 as well as the occupational
factors presented in table 2.

Statistical analyses :

The preterm births group was
compared with controls for all
working conditions by simple bi-
variate analyses, using the Chi-
square test; the same tests were
used to examine the associations
between well-known risk factors
and preterm labour. Back-step

multiple logistic regression model
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using the Forward Wald statis-
tical technique was used to study
simultaneously occupational fac-
tors and well-known risk fac-
tors as potential predictive fac-
tors of preterm delivery. Odds-
ratios (OR) and Wald 95% confi-
(CIs)
calculated to characterize the sig-

dence intervals were then
nificance, strength and precision
Statistical
analysis was performed using
SPSS 16 statistical software. P =
0.05 was considered statistically

of the associations.

significant.

Results
The study 1340

working pregnant women. The as-

included
sociations between well-known
risk factors and preterm delivery
are shown in Table 1. Both smok-
ing and nulliparity were associat-
ed with preterm delivery [(P<0.01,
0.001
associations were also observed

respectively)]. Significant
for other variables: advanced ma-
low BMI,
planned pregnancy. Among the

ternal age, and un-
potential confounders, the strong-
est associations (odds ratio > 1.5)
with preterm delivery were ob-
served for smoking and mother’s
age = 35 years. Caffeine consump-

tion during pregnancy were not
associated with preterm delivery
risk (data not shown).

The associations between oc-
cupational factors and preterm
delivery are presented in Table 2.
Of the occupational conditions
present at the beginning of preg-
nancy, temporary contract tend-
ed to predict preterm delivery (P
=0.05).Working >40 hours a week
was found to be associated with
preterm delivery (P<0.05). Tenden-
cies were also observed for shift
work (P<0.05). Also, demanding
posture (bending, squatting, arms
raised above shoulder level) for at
least 3 hours per day (P<0.05),
standing >6 hours/ day (P<0.05)
and carrying heavy weight >20kg
(P<0.05) were significantly asso-
ciated with preterm delivery.

There was no association be-
tween preterm delivery risk and
the following conditions: work on
assembly line, noise, long com-
muting time to work, night work,
cold or hot environment, (P>0.05),
Also,
difference was observed with the

no statistically significant

possibility to sit when standing,
pushing or pulling objects, ab-
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sence of breaks and exposure to
environmental tobacco smoke at
work (data not shown).

The results of the logistic re-
gression analysis including the six
occupational factors selected as
well as well-known risk factors are
presented in Table 3. Significant
and strong predictive effects re-
garding both physical work de-
mands (OR = 3.94, 95% CI: 1.03-
18.19) and heavy weight carrying
(OR =2.76, 95% CI: 1.98-8.74) on
preterm delivery were observed.

Predictive effects were also ob-
served between long working
hours, prolonged standing (> 6
hours), and temporary contract on
the risk of preterm delivery (P <
0.05). Shift work was not associat-

ed with preterm delivery.

The logistic regression analy-

sis (Table 3) also showed that

among the well-known  risk
factors, higher maternal age = 35
and nulliparity remained sig-

nificantly related to preterm de-
livery (P<0.05).
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Discussion

The relationship between em-
ployment and preterm birth re-
mains enigmatic, despite a dra-
matic increase in the number of
pregnant women in the Egyptian
workforce. Manual workers, a cat-
egory that includes industrial, ag-
ricultural, and unskilled workers
had an excess of preterm births
compared with professionals and
semiprofessional (P<0.05) with an
OR 1.6. This is in
agreement with Saurel-Cubizolles

adjusted

et al.,(20) who reported similar
finding in a multicenter study per-
formed in 17 European countries.
Women employed in low-skilled
occupations were more likely to be
exposed to shift work, high physi-
cal demands, and low job satisfac-
tion, providing elements support-
ing the validity of the evaluation of
working conditions.

This study showed that some
occupational factors played a sub-
stantial role in predicting preterm
delivery. These factors were tem-
porary work contract, long work-
ing hours, shift work, long stand-
ing, heavy weight carrying and
demands.

physical Temporary

contract was found to be signifi-

cantly associated with preterm de-
livery. Employed women who had
a temporary contract compared
with those with permanent post
were at a higher risk of having
preterm delivery (P<0.05) with
adjusted OR 1.4. This is in agree-
with that found by Nied-
hammer et al.,(6) in Ireland who

ment

reported similar finding. Tempo-
rary contract may be considered
as a marker of poor working con-
ditions that may not have been
evaluated per se in the present
study, and may be associated with
new challenges and adaptation to
the job and may generate feelings
of stress and anxiety to find an-
other future job. This type of con-
tract and perceived job insecurity
have already been observed to be
associated with other health out-
comes (29),
Rregarding the number of
hours worked/ week as a risk fac-
tors of preterm birth, in this
study, the results are also consis-
tent with those obtained with oth-
er populations in other countries.
There is a significant relation be-
tween long working hours per
week and preterm birth, with an
adjusted OR of 1.7 with > 40
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hours per week. Similarly, Nied-
hammer et al.,(6) in Ireland found
that working =40
hours per week was associated

long hours

with increased rate of preterm de-
livery with adjusted OR 2.2. Also,
Mamelle et al.,(26) in France re-
ported a relative risk of 1.7 for
preterm birth among women
working >40 hours per week. Sim-
ilar results were reported by
McDonald et al.,(27) in Montreal,
Canada whereas Klebanoff et al.,
(28) in USA reported twice the risk
of preterm birth among resident
physicians working > 100 hours
per week during the first trimes-
ter. Also, Peoples-Sheps et al.,(29)
in USA found that women who
worked 40 or more hours per
week were more likely to have pre-
term delivery than those who
worked fewer hours, and simi-
larly a questionnaire-based case-
control study of obstetric and neo-
natal nurses who were delivered
prematurely and a group who
were delivered at term demon-
strated higher prematurity rates
among nurses working >36 h/wk
or >10 h/shift in USA(30),

In this study, standing was
found to be significantly associat-

ed with preterm birth. As a cate-
goric variable, standing > 6 hours
per shift had significant odds ratio
of 1.3. Similarly, other investiga-
tors have reported that standing
for periods was significantly asso-
ciated with preterm birth, and in-
creased uterine contractions.
Launer et al.,(31) in Guatemala re-
ported that working in a standing
position was a significant factor
for preterm birth (adjusted OR
1.56). Teitelman et al.,(32) in USA
reported a higher proportion of
preterm births among women
whose jobs required prolonged
standing (7.7%)

those with sedentary (4.2%) or ac-

compared with

tive (2.8%) jobs, with an adjusted
OR for standing of 2.7. Using a
comparable definition, Klebanoff
et al.,(28) reported an adjusted OR
of 1.3 for preterm birth for work
that involved standing for = 8
hours per day. Also, Henriksen et
al.,® in Denmark have reported
that prolonged standing to be a
risk factor for preterm birth. Sau-
rel-Cubizolles et al.,(29) found that
standing more than 6 hours to be
a risk factor for preterm birth.
Also, Niedhammer et al.,(6) found
that women with very physically
active jobs had a higher risk for
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preterm delivery compared with
those with not very or not at all
active job.

Physical exertion has been
evaluated in several studies, most
of which reported a significant
correlation with preterm birth. In
this study, both demanding pos-
ture > 3 hours and heavy weight
carrying > 20 Kg were found to
increase risk of preterm birth
(P<0.05) with adjusted OR 1.4
and 1.6, respectively. Mamelle et
al.,(26) reported a relative risk of
1.7 for preterm birth among wom-
en required to make strong physi-
cal efforts or carry heavy loads
during pregnancy. McDonald et
al.,(27) found that lifting heavy
weights at least 15 times per day
was associated with an increased
risk of preterm birth (relative risk
1.25). Homer et al.,(15) in USA ob-
served that women working in
highly strenuous jobs were twice
as likely to delivery prematurely.
Ahlborg et al.,(18)
showed that lifting weights ex-
ceeding 12 kg >50 times per week

in Sweden

increased the
birth (OR 1.7).
Aguir et al.,(33) in Spain, found

risk of preterm
Also, Escriba-

that exposure to medium or high

level physical workload increases
the risk of preterm birth, with
an adjusted OR of 1.59 and
2.31, respectively. While, Saurel-
Cubizolles et al.,(20) found loads
carrying was not related to an ex-
cess risk of preterm birth.

Regarding the effect of shift
work, this study found that shift
work had a significant effect on
preterm delivery (P < 0.05) with an
adjusted OR 1.4. This is in agree-
ment with Xu et al.,(34) in USA
who found that rotating shift work
had a significant effect on preterm
birth: 20% for shift workers and
15% for regular schedule workers
with an adjusted OR 2.0 and Zhu
et al.,(35) in Denmark who found
that shift work had a slight excess
of significance on preterm delivery
with an adjusted OR 1.09. While,
Saurel-Cubizolles et al.,(20) found
that shift work was not related to
an excess risk of preterm birth.

As regards the effect of night
work, the results in this study
were contradictory to that report-
ed by others. While Pompeii et
al.,(36) in USA found that working
at night during pregnancy may in-
crease the risk of preterm delivery
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by 50% with a relative risk 1.5, we
found that night work does not af-
fect risk of preterm delivery signif-
icantly. Conversely, Zhu et al.,(35)
found that night work may pro-
long the duration of pregnancy
with OR 1.09.

No other occupational factors
were found to be predictive factors
of preterm delivery in this study.
This was especially the case for
daily commuting time, work with
industrial machines, work on as-
sembly line, contact with paints,
work at high speed, noise, and hot
or cold work environment. This is
in agreement to that found by

Saurel-Cubizolles et al., (20). In
this study, predictive effects
were also observed for well-

known non-occupational risk fac-
tors that were nulliparity, ex-
tremes of age, and smoking and
low maternal BMI; these findings
are in agreement with that report-
ed by others(36:37.38) and rein-
forced the validity of our own re-

sults.

This study has several major
strengths: the selection process
yielded a sample of women at
circum-

baseline, whose social

stances may be considered as
broadly representative of Egyptian
women, the diversity of participat-
ing areas and the use of a com-
mon protocol, including an identi-
cal
information on the characteristics

instrument for collecting
of the sample and working condi-
tions. The same questions were
asked of all women concerning
their
There is also no possibility of a re-

employment  conditions.
porting bias, as pregnancy out-
comes were measured using hos-
thus
an-

pital records, and

independently of women’s
swers. The study included a large
number of occupational factors
and covered the main occupation-
al factors that have previously
been suspected to be risk factors.
Evaluation of occupational factors
was performed using a self-
administrated questionnaire al-
ready used, and consistent results
were found regarding social gra-
dients in these factors in Lifeways
working women. Furthermore, our
study took into account education
level (a marker of socio-economic
status) in the multivariate analy-
sis; consequently, the associa-
tions observed can be consid-

ered as independent of socio-
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economic status. The study also
included a large number of well-
known risk factors of preterm de-
livery allowing us to control ade-
quately for potential confounding
in our analyses.

Meanwhile, this study also had
some limitations. It is a retrospec-
tive study; consequently, there is
the possibility of a recall bias: the
evaluation of risk factors includ-
ing occupational factors was not
performed at the beginning of
pregnancy and thus before the
pregnancy outcome, which we are
reporting, had actually occurred.
Also, an information bias could
exist if the mothers of preterm in-
fants did not answer the question-
naire in the same way as controls.
Joffe et al., (39) has drawn atten-
tion to the possible interviewer or
recall bias that generally affects
retrospective studies on the repro-
ductive effects of women’s work.
In fact, only a few studies in
this field have used a prospec-
tive design and these studies
present another type of bias, that
of study participants lost to fol-
low-up(28:31.32)  Also, the fact
that this study is a hospital-
based, the sample may not be

of the
general obstetric population and

demographically typical
this is another limitation in this
study. This study population is
probably more representative of
those patients seeking care at ter-
tiary centers and university hospi-
tals than of the general popula-
tion. This issue obviously affects
the generalizability of these find-
ings to all obstetric patients.

In conclusion, the results in
this study show that strenuous
working conditions are an im-
portant risk factor for preterm
birth among working women
and suggest that some preventive
measures might help reduce the
incidence of preterm birth. Hence,
we recommend reducing working
hours per week or per shift,
avoiding prolonged standing and
changing
<granting

heavy physical work,
work areas, and/or
work leave during pregnancy, par-
ticularly late in pregnancy. The
passage of Public Law to guaran-
tee every pregnant woman work
leave should become an urge need
toward a national enlightened ma-
policy,
instituted,

ternity policy. Such a
when appropriately

should reduce the incidence of
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those preterm births related to
occupational factors and its relat-
ed sequale. The impact of this pol-
icy and /or changing employment
conditions during pregnancy on
pregnant women exposed to high
risk employment conditions
should be considered in future

analyses.
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Abstract

Background: The liver has a tremendous regenerative capacity
through proliferation of all existing cell lines within the liver, including
hepatocytes, epithelial cells that line the canaliculi, endothelial cells,
Kupffer and hematopoietic stem cells. In addition, the liver contains
“stem” cells or liver progenitor cells (oval cells in rodents) that can be
activated by liver damage.

Alm of this work: Is to study the endogenous oval cells population
in a model of induced chronic liver injury.

Materials and Methods: Eighteen adult albino rats were divided
equally into three groups (control, liver injury, liver injury and hepato-
cyte proliferation block groups). The liver injury was induced by ip injec-
tion of 2ml/kg BW carbon tetrachloride (CCL4) dissolved in corn oil
(1:1) twice/week for 4 weeks. The hepatocytes block group was treated
with acetylaminofluorene (2-AAF) in a dose of (10 mg/kg BW) as daily
oral gavage for two weeks starting 2 weeks following CCL4 administra-
tion and extended for another 2 weeks. There days from the end of the
experiment all rats were sacrificed by neck dislocation, blood and liver
samples were collected and were biochemical and histopathological
analysis, respectively. Plasma aspartate transaminase (AST), alanine
transaminase (ALT) activities, serum albumin and total bilirubin levels
in the plasma were determined in the blood samples. Sections from the
livers were stained by H&E for histopathological evaluation, OV-6 im-
munoperoxidase stain for activated oval cells. Data were subjected to
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statistical analysis.

Results: There was a significant increase in the plasma levels of ALT
and AST in the liver injury group (155 + 9.4 and 408 # 302.9) and in the
liver injury and hepatocyte block group (114 + 37.5 and 265 + 187.5)
compared to the control (39 + 3.68 and 40.5 + 3.7), respectively. On the
other hand there was no change in the albumin (3.9 # 0.2) or bilirubin
(3.9 £ 0.1) levels in the liver injury group or in the liver injury and hepa-
tocytes block group (3.9 * 0.2 and 0.31 # 0.16) compared to the control
(0.38 + 0.2 and 0.35 + 0.08), respectively. No oval cells were seen in the
control or the liver injury group by the stains used. On the other hand,
oval cells were seen as small single or forming duct like structures in
the periportal region of the liver injury and hepatocyte block group,
these cells were positively stained with OV-6.

Conclusion: It is concluded that induction of oval cell proliferation
was achieved in chronic liver injury model using CCL4/2AAF protocol.
The activated oval cells were seen mainly in the periportal region either
as single cells or forming duct like structures and were positively
stained with OV-6 immune peroxidase stain.

Key words: Liver; Chronic injury; Oval cells, OV-6.

Introduction

The liver is the largest organ
in the body and is specialized to
perform wide range of functions
including; detoxification, synthe-
sis of plasma proteins and bile
acid formation(l). The predomi-
nant cells of the mature liver are
the hepatocytes
which constitute approximately
80% of the total hepatic cell vol-

ume(2).

parenchymal

The regenerative capacity of the

adult mammalian liver is im-

mense. Liver regeneration is a
misnomer as the liver actually
heals by deoxyribonucleic acid
(DNA) synthesis and mitosis rath-
er than regeneration in the true

SEnse.

in the
the
proliferation of all existing cell

The healing process
liver is characterized by
lines within the liver, including
hepatocytes, epithelial cells that
line the canaliculi, endothelial
cells, Kupffer and hematopoietic

stem cells (3).
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It is generally accepted that
the
liver contains “stem” cells or liv-

in addition to these cells,

er progenitor cells (oval cells in
rodents) that can be activated
by liver damage. Unique to the liv-
er is that pre-existing mature
the

response

cells constitute primary

option of to injury
while progenitor cells function as
a reserve compartment that is
activated when the regenerative
capacity of mature cells is com-

promised (4),

Oval cells (also known as tran-
sit amplifying cells) are the proge-
ny of stem cells. They can divide
rapidly but in contrast to stem
cells do not posses the ability to
self-renew. They have the po-
tential to generate more than
one differentiated cell type but
cannot be serially transplanted.
During liver regeneration, oval
cells are essential at forming a
second line of defense(5). They are
capable of differentiating into he-
patic lineages (i.e. hepatocytes
and cholangiocytes) and also some
non-hepatic lineages such as in-
testinal and pancreatic cell types.
It may take years for significant

recovery to be achieved; the time

varies depending on the underly-
ing cause of the liver injury and
its severity (6).

The aim of this work is to study
the endogenous oval cells popula-
tion in a model of induced chronic
liver injury.

Materials and Methods

Animal preparation:

Eighteen adult female albino
rats (Cuxl: HEL1l) 12 weeks of
age, weighing (200-250 g). Rats
were bred and maintained in
an air-conditioned animal house
(Medical Experimental Research
Center, MERC, Mansoura Univer-

sity) (under controlled tempera-

ture 25 + 2°C) with specific
pathogen-free environment and
were subjected to a 12:12-h

daylight / darkness cycle and al-
lowed free access to rat chow and
water. The principles of laboratory
animal care were followed in all
experimental protocols and were
approved by ethics committee of
animal research in MERC.

Animal groups:

Rats were randomly divided
into the following groups:
(n=6).

* Control Group The
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rats were injected intraperitoneal-
ly with corn oil (2 ml/kg B.W.)
twice a week throughout the
whole experiment.

* Liver injury group (n=6). The
rats were injected intraperitoneal-
ly with CCL4 (Sigma cat: 48604)
(2ml/kg B.W.) dis-
solved in corn oil (1:1) twice/week

in a dose of

for 4 weeks.

* Liver injury and hepatocytes
block group (n=6). The rats re-

ceived CCL4 to induce chronic

liver injury as before for two
weeks in addition, rats received
acetylaminofluorene (2-AAF)

(A7015, Sigma Aldrich) to inhib-
it hepatocytes proliferation. The
drug was administered in a dose
of (10 mg/kg B.W.) as daily oral
gavage for two weeks starting.
2-AAF was dissolved in a small
volume of dimethyl sulfoxide
(DMSO; Sigma cat: D8418) and
suspended in corn oil to a final
concentration of 2 mg/ml.

Biochemical analysis:
blood
were obtained from all animals at

Heparinized samples

the time of scarification. Plasma

aspartate transaminase (AST), al-

activi-
total
in the plasma

anine transaminase (ALT)
ties, serum albumin and
bilirubin levels
were determined using commer-
cial available Kkits (Sigma chemical
co. kits Nos 58 and 59). Sham
control animals were also subject-

ed to the same tests.

Specimens’ collection:

Animals from all groups were
sacrificed after three days from
the end of the experiment by cervi-
cal dislocation. Blood samples
were collected by heart puncture.
After coagulation, sera were col-
further

Livers were harvested,

lected for biochemical
analysis.
cut into
10%

histopathological studies.

pieces, preserved in
formalin and processed for

Staining:

The fixed liver tissue was de-
hydrated in ascending grades of
alcohol and then cleaned by xy-
lene then embedded in paraffin.
5-um thick sections were mounted
on clean glass slides. Sections
were stained with hematoxylin
(H&E) for histo-
pathological changes, anti huma/
rat OV-6

stain for detection of oval cells.

and eosin

immunohistochemical
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OV-6 immunohistochemistry:

Tissue sections were rehydrat-
ed in descending concentrations of
ethanol and endogenous peroxi-
dase activity was blocked with
0.5% hydrogen peroxide in meth-
anol. Tissue was microwaved to
boiling for 20 minutes in 0.1 mol/
L of Tris EDTA pH 9.0, for antigen
retrieval. The antibody was diluted
in phosphate-buffered saline plus
0.1% non fat dried milk and ap-
plied at 4°C for 12 hours. Pri-
mary antibody dilution was 1:10

Tissue was incubated with bi-
otinylated anti-mouse secondary
antibody in a species specific
manner (R and D syetem.
MABOO2). The label was peroxi-
dase conjugated streptavidin. Col-
or development was performed
with diaminobenzidine peroxid-
ise substrate (D-4293, Sigma

Chemical Co.).

Fnally, sections were counter
stained for 2 minutes with hema-
toxylin, dehydrated through grad-
ed alcohols and mounted under
glass coverslips.

Statistical analysis:
Data were expressed as mean *

SD. Multiple comparisons were
done using SPSS 15.0 computer
Software. Results were considered
significant at p?0.05.

Results

Biochemical analysis:

There was a significant in-
crease in the plasma levels of ALT
and AST in the liver injury group
(155 + 9.4 and 408 *= 302.9) and
in the liver injury and hepatocyte
block group (114 + 37.5 and 265 *
187.3) compared to the control (39
+ 3.68 and 40.5 + 3.7), respec-
tively. On the other hand there
was no change in the albumin
(3.9 £ 0.2) or bilirubin (3.9 £0.1)
levels in the liver injury group or
in the liver injury and hepatocytes
block group (3.9 = 0.2 and 0.31+
0.16) compared to the control
(0.38 + 0.2 and 0.35 £ 0.08), re-
spectively (Table 1).

Histopathological assessment:

Examination of the liver of
the control group showed nor-
mal liver architecture. The hepa-
tocytes were arranged in cords
from the
the

whole tissue. No signs of dilata-

or plates radiating

central veins throughout

tion or congestion of portal
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veins. Examination of the hepatoc-

ytes showed normal vesicular

nuclei (Fig. 1).

Examination of sections of the
liver from animals subjected to
chronic liver injury (CCL4 mod-
el) showed areas of variable de-
grees of ballooning, hydrobic de-
generation and necrosis of the
hepatocytes. Mild dilatation and
congestion of portal vein with in-
flammatory cells infiltration in
the peri-portal region were seen

(Fig. 2).

In the animals subjected to liv-
er injury and hepatocytes block
the
densed chromatin with signs of
DNA
chromatin attached to the nuclear

heaptocytes showed con-

adducts (marginal hetero-
membrane) (Fig. 3).

Changes in oval cell popula-
tion in HE stained liver sections:
No evidence of oval cells in the
control or in the CCL4 treated
group. In the liver injury and hep-

atocytes block group, the oval
cells appeared as small oval cells
proliferating in files between hepa-
tocytes in the periportal regions
or extending beyond the peripor-
tal region. The cells had scanty
basophilic cytoplasm, dark stain-
ing nucleus with large nucleo-
cytoplasmic ratio. The cells radi-
ate from the periportal region in
the form of individual cells or duc-
tular like structures (Fig. 3). Some
cells also appeared as individual
oval shaped cells with hepatocyte
phenotype (Fig. 4).

OV-6 immunoreactivity:

Only the bile ducts within the
portal triad in the control liver
were positive for OV6 and the re-
action is limited to the interface
with the portal space at the level
of canal of Hering and ductular
canalicular junction (Fig. 5). In
the
proliferating cells react to OV6

the experimental groups,
with formation of reactive duc-
tules and small hepatocyte like
cells (Figs. 6 and 7).
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Fig. 1 : A photomicrograph of liver tis-

sue from control rat showing
normal liver architecture,
minimal lymphocytic infil-
tration (L) in the liver
parenchyma with no signs
of ductular or individual
oval cell response around
the portal vein (PV)

(Hx & E stain; X100).

Fig. 2 : A photomicrograph of liver tis-

sue from a rat with liver inju-
ry (CCL4 treated) showing hy-
drobic degeneration (H) of
hepatocytes with increased
lymphocytic infiltration (L).
No signs of ductular or indi-
vidual oval cell response. In-
set: showing hepatocytes with
hydropic degeneration and
disintegrated nucleus (arrow
head). (Hx & E stain; X100;
Inset, X400).
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Fig. (8) : A photomicrograph of liver

tissue of rat subjected to
liver injury and hepatocytes
block (CCL4/2AAF treated)
showing oval cells (OC) sur-
rounding the portal tract,
lymphocytic infiltration is
also evident (L) with widening
of liver sinusoids (S). Inset:
showing evidence of hepa-
tocytes block in the form of
condensed chromatin and
heterochromatin (HC)

(Hx & E stain; X100; Inset,
X400).

Fig. (4) : A photomicrog