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ABSTRACT

The aim of this sstudy was to evaluate the livercggen storage in pregnant rats presenting neonatal
streptozotocin-induced diabetes and to establistelation with glycemia and insulin levels. Wistaats were
divided in to two groups: 1) Mild Diabetes (STZjeceived streptozotocin (glycemia from 120 to 3@fidin), 2)
Control - received vehicle (glycemia below 120 ray/d\t days 0, 7, 14 and 21 of the pregnancy, beeight and
glycemia were evaluated. At day 21 of the pregnatheyrats were anesthetized for blood and livdiection so as

to determine insulin and liver glycogen, which shdwo changes in the STZ group as compared toathteads. In

the STZ group, maternal weight gain were lower @®gared to those in the control group. Significanticreased
glycemia was observed at days 0 and 14 of the jregnin the STZ group. Therefore, neonatally indudiabetes

in the rats did not cause metabolic changes thatined insulin and liver glycogen relation in thasgs.
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INTRODUCTION In  pregnancy, maternal requirements of

carbohydrates, proteins, and lipids increase due to
Glycogen is one of the major storagedeep physiological alterations and all the energy
polysaccharides of animal cells present in naturggsources that are directed to the fetus, but witho
and its synthesis is the process by which glucese inaternal damage. The main metabolic nutrients to
polymerized into glycogen. It accumulates in thghe fetus are glucose and amino acids (Zaidise et
cells in different amounts according to cell typeal. 1999). Maternal glucose is considered to be an
thus functioning as energy deposits. Glycogen ignportant energetic substrate for the fetal
particularly abundant in the liver, where itdevelopment, and fetal insulin acts as a growth
constitutes 7% of that organ wet weight. Liverfactor (Calderon et al. 1999). The hormone is also
glycogen is degraded between the meals and keefgsponsible for stimulating the glycogenesis in the
the level of blood glucose constant; at the same, liver, and glycogen storage results in
supplies such metabolite to other cells in th@pproximately 20% of the total ingestion of
organism (Kasuga et al. 2003). carbohydrates (Kasuga et al. 2003).
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Glycogenesis and glycogenolysis alterations magemperature (22 2°C), humidity (50t 10%) and
contribute  to increase the postprandialight/dark cycles (12/12h), with water and chad/
hyperglycemia, leading to metabolic glycemiclibitum. All the animals were supplied and
changes, such as diabetes (Hwang et al. 2003paintained at the Laboratory of Experimental
Diabetes mellitus(DM) is a chronic disorder Research on Gynecology and Obstetrics. They
resulting from the lack of insulin production byeth were mated so as to obtain the newborns utilized
pancreaticf-cells or from a defect in insulin in the study. The local Ethics Committee for
receptors in the target cells, which leads to thé&nimal Experimentation approved of all the
hyperglycemic  metabolic  disease.  Severagxperimental procedures in this study, which
pathogenic processes are involved in thensured compliance with the standards established
development of diabetes, from the autoimmunéy the Guide for the Care and Use of Laboratory
destruction of pancreatig-cells to abnormalities Animals.
that result in resistance to insulin action (ADA
2010). Experimental Procedure
DM conditions can be experimentally reproducedExperimental groups
in the laboratory animals. In the rats with mildAt day 0 of life (on the day of birth), 147 female
diabetes (glycemia between 120 and 300 mg/dL)Vistar rats were randomly divided into two
which reproduces type-2 DM or gestational DM,experimental groups: 1) Mild diabetes (STZ,
maternal hyperglycemia stimulates the fetah=102) — rats receiving the beta-cytotoxic agent -
pancreas, leading to the hyperplasia andtreptozotocin (STZ - SIGMA Chemical
hyperactivity of pancreati-cells, resulting in Company, St. Louis, Millstone — 100 mg/kg,
fetal hyperinsulinemia, anabolism increase andsubcutaneously sc.) dissolved in citrate buffer
consequently, stimulation to the birth ofsolution (0.1M, pH 6.5); 2) Control (n=45) — rats
macrosomic fetuses. In the adult phase, theseceiving citrate buffer solution (sc.). The female
develop excessive insulin resistance, and in theewborns remained with their mothers during the
pregnancy, gestational diabetes. In severe digbet&ghole breastfeeding period (22 days after the
(glycemia > 300 mg/dL), which would correspondbirth) whereas the male newborns were
to decompensated type-1 DM in human, glycemi@anesthetized and killed (Portha et al. 1974; Tesiuji
levels also induce the hyperplasia of pancreatic al. 1988).
cells and increase insulin secretion at an initial
phase (Aerts and Van Assche 2006). Mating period
Many experimental studies have been performelh their adult phase (approximately 100 days of
in order to reproduce the diabetic state, evalitate life), each four female rats was mated overnight to
results and enhance the understanding of theon-diabetic male rats. The morning in which
physiopathological mechanisms involving thatsperm was found in the vaginal smear was
syndrome. For this reason, beta-cytotoxic drugsjesignated gestational day O (Damasceno et al.
such as streptozotocin (STZ), are used in th2008).
laboratory animals (Souza et al. 2010). Hence, this
study aimed at evaluating hepatic glycogen storagéregnancy period
in the pregnant rats with neonatal STZ-induced\t mornings of days 0, 7, 14 and 21 of pregnancy,
diabetes and establishing the relationship betwednood samples were obtained from a cut tail tip for
glycemia and insulin levels. non-fasting glycemic determinations (glucose
oxidase) using a glucosimeter (One Touch Ultra -
Johnson and Johnsrin the morning. The values
MATERIALS AND METHODS were expressed in milligrams by deciliter (mg/dL).
Glycemia below 120 mg/dL and glycemia between
Animals 120 and 300 mg/dL at day O of pregnancy were

Virgin Wistar rats at reproductive age (threeestablished as inclusion criteria for the control

months), weighing from 180 to 200g, as well agroup and for the mild-diabetes group,
adult males of the same species, Weighinéespectlvely. By considering these two glycemic

approximately 250g, were used. The animals werglues, 28'rats were in.cluded in'the control group,
maintained under controlled conditions of2Nd 28 animals were included in the STZ group.
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The females were maintained in the individuakhe pellet was re-suspended in deionized water,

cages. and homogenized again. Hepatic glycogen storage
was determined according to the technique
Maternal weight gain during the pregnancy proposed by Nomura et al. (2005).

In the mornings of days 0, 7, 14 and 21 of
pregnancy, the dams were weighed for thé&tatistical Analysis
determination of body weight gain (maternalThe data were expressed in meastandard error

weight at day 21 and at day O of pregnancy). of the mean. Student t test was used to determine
the differences existing between the experimental
Evaluation at term of pregnancy groups. The limit of statistical significance was

At day 21 (end of pregnancy), the rats wer&% (p<0.05).

anesthetized by sodium thiopental (Thiopentax

dose of 80 mg/kg). Next, the blood collection was

performed for insulin determination andRESULTS

laparotomy so as to proceed to liver removal,

processing and analysis of hepatic glycogematernal weight gain and glycemia during

storage. pregnancy
The STZ group showed increased maternal weight
Liver sample processing during the whole pregnancy. At days 0, 7, 14 and

The assay tubes containing liver samples wergl of the pregnancy, these rats showed lower
placed in the water bath at fOOC for weights (p<0.05) as compared to those of controls.
approximately one hour and then agitated on amaternal weight gain (day 21 — day O of
electronic agitator for total digestion of hepaticpregnancy) in the STZ group was reduced in
tissue. Subsequently, saturated sodium sulfaielation to that in the control group (Table 1).
(N&SQO,) solution was added, and the finalin the control group, glycemia was below 120
solution was homogenized; ethyl alcohol wasng/dL during the whole pregnancy. However,
added, and the solution was manually agitated bstatistically significant increase was observed at
inversion for later centrifugation.  After days 0 and 14 of the pregnancy in the STZ group
centrifugation, the supernatant was removed, args compared to the control (Table 1).

Table 1 - Maternal weight gain and glycemia during thegmancy of rats with mild diabetes (STZ) and non-
diabetic rats (control).

Control (n=28) STZ (n=28)
Maternal weight gain
Day 0 284.19+ 4.66 260.71 7.99*
Day 7 305.29+ 5.09 278.81 7.90*
Day 14 330.96+ 5.36 303.2& 8.71*
Day 21 407.22+ 6.43 357.8& 11.67*
Maternal weight gain (day 21-0) 123.03£ 2.91 97.81 4.91*
Maternal glycemia
Day 0 105.0+ 10.01 132.1 10.04*
Day 7 102.8+ 12.24 106.6 13.81
Day 14 83.1+8.03 93.6+ 12.93*
Day 21 85.3+ 10.62 84.1 14.72

Data presented as meastandard error of the mean.
*p<0.05 — statistically significant difference (8&nt t test).

Liver glycogen and insulin storage control rats (p>0.05) (Table 2). In the control
Liver glycogen storage and insulin levels in thegroup, of the 28 liver samples, 20 were evaluated,
group of STZ rats did not show alterations in termand eight had to be discarded due to technical
pregnancy as compared to those in the group ddilure.
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Table 2 -Liver glycogen storage and insulin levels of ratwnild diabetes (STZ) and non-diabetic rats (ooint

Control (n=20) STZ (n=28)
Liver Glycogen (mg/500mg of tissue) 2.00+ 0.26 2.6 0.26
Insulin (ug/L) 0.56+ 0.50 0.7C: 0.49
Data presented as meastandard error of the mean.
p>0.05 — non-significant.
DISCUSSION of ketone bodies, and did not require insulin

treatment, concluding that such hyperglycemic rats
In this study, the group of rats with neonatalshowed a selective defect in insulin secretion when
streptozotocin-induced diabetes showed weigtit was stimulated by glucose. There are other
gain during the whole pregnancy, but the increasegsport describing that diabetes induction using
observed at each moment of pregnancy were low&TZ during the neonatal period could cause the
than those of the rats in the control grouponset of mild diabetes in the adult phase of these
Apparently the weight gain reduction of STZ ratsanimals (Capobianco et al. 2003). However,
during pregnancy was related to growth-hormon&lovassat et al. (1997) showed that the rats with
alterations caused by diabetes induction in theeonatally induced diabetes reached adult life
neonatal period. Decompensated Diabetes melliti32ing normoglycemic. This was due to the fact
in the humans and experimental diabetes in théat pancreatic B-cell regeneration occurred
animals are frequently related with altered bodyetween the postnatal days 4 and 7, which fostered
growth (Kanaka-Gantenbein et al. 2003). Takadthe occurrence of rats with normoglycemia and of
et al. (2007) observed that the rats with neonatathers with hyperglycemia, thus confirming our
STZ-induced diabetes developed the classitesults.
conditions of diabetes, showing hyperglycemiaAt days 7, 14 and 21 of the pregnancy, the
hypoinsulinemia and insulin resistance. Low bodylycemia of STZ rats did not correspond to the
weight and reduced adipose tissue were alsgglycema of mild diabetes (glycemia higher than
observed in the adult life. 120 mg/dL). However, these animals showed
At the beginning of the pregnancy, glycemia in theglucose intolerance and insulin resistance in the
STZ rats was compatible with mild diabetesmiddle of pregnancy, a similar period to that
namely, between 120 and 300 mg/dL. Thesshown by the women with gestational diabetes,
results were compatible with those found bythus demonstrating that, in pregnancy, the
Portha et al. (1979), who were the first to describpancreatic p-cells developed a sensitive
the experimental model for mild-intensity diabetegnechanism to respond to glycemic insults (lessi et
(100 < glycemia< 300mg/dL) in adult life by al. 2010). Furthermore, other mechanisms that
using STZ in the neonatal period. In agreementould explain such situation would b@-cell
with the present results, other studies showed theggeneration during the development of the rats
mild diabetes could be induced by STZ on thehat received STZ in the neonatal period or the
animals first day of birth (Portha and Serradasccurrence of alterations mediated by hormones,
1991; Sinzato 2009; Saito et al. 2010; lessi et akuch as placental lactogen, estrogen and
2010). Additionally, this model could also beprogesterone (Triadou et al. 1982). In addition to
performed on the postnatal day 2, on the postnattiie insulin and glycemia dosages, this study aimed
day 5 (n5-STZ) (Wang et al. 1996) and on the 2 at analyzing the influence of neonatal STZ-
and 9" days of life (Ulicna et al. 1999). induced diabetes on liver glycogen concentrations
Although STZ was neonatally administered, mildin at term pregnancy rats. Results showed no
hyperglycemia was only attained in the animahlterations in liver glycogen rates for STZ
adult phase, prior to the mating period (data ngtregnant rats. This could be related to the faat th
shown). Similarly, Bonner-Weir et al. (1981) the glycemic rate lower than 100 mg/dL at the end
showed that offspring rats receiving STZ on thef pregnancy was not sufficient to cause the
postnatal day 2 showed transitory hyperglycemighanges in liver glycogen conversion. The
followed by normal glycemia until the sixth weekpresence of insulin stimulates the glycogen
of life. It was only after this period that thosesynthase enzyme, which is responsible for storing
animals developed diabetes, without the presenggucose in the form of glycogen in the hepatic

Braz. Arch. Biol. Technol. v.55 n.2: pp. 251-256aiApr 2012



Neonatally Induced Diabetes: Liver Glycogen 255

tissue. Because insulin concentrations did ndBonner-Weir S, Trent DF, Honey RN, Weir GC.
show differences between the experimental Responses of neonatal rat islets to streptozotocin.
groups, it could be suggested that glycogen storagel—i,mited B-cell regeneration and hyperglycemia.
in the liver from glucose occurred in a similar Piabetes1981:30(1): 64-69. ,
fashion to that in the control group, as confirmed-2/déron IMP, Rudge MVC, Ramos MD, Peragoli JC.

. . Estudo longitudinal, bioquimico e histoquimico de
by the similar hepatic glycogen rates between theplacentas de ratas diabética - relacdo com a

groups. This could also be explained by the p,,cr0s50mia e o retardo de crescimento intra-aterin
pancreatic f-cell regeneration in the neonatal Rey Bras Ginecol Obstet999: 21: 91-98.

period as observed by Movassat et al. (1997fapobianco E, Jawerbaum A, White V, Pustovrh C,
Insulin is an anabolic hormone that is essential fo Sinner D, Gonzalez ET. Elevated levels of
glucose homeostasis maintenance, cellular endothelin-1 and prostaglandin E2 and their effect
differentiation, uptake control, use and storage of nitric oxide generation in placental tissue from
cellular nutrients. The important target tissues fo Nneonatal  streptozotocin-induced  diabetic  rats.
glucose homeostasis regulation by insulin are the Prostaglandins Leukot Essent Fatty ACd003;

: . : .~ 68(3): 225-231.
Ilve_r, muscle_s ar_1d ‘?‘d'pose t|s_sue. The an"’Ib()llearvalheira J, Pollak EJ, Quaas RL, Blake RW. An
actions of insulin include stimulation to the

. .~ autoregressive repeatability animal model for tizst-
intracellular use and storage of glucose, amino (acords in multiple lactations] Dairy Sci. 2002:

acids and fatty acids, while they inhibit catabolic gs(g): 2040-2045.

processes, such as the degradation of lipid®amasceno DC, Kempinas WG, Volpato GT, Consoni
proteins and glycogen (Carvalheira et al. 2002). M, Rudge MVC, Paumgartten FJRAnomalias

In conclusion, streptozotocin administration in the Congénitas: Estudos ExperimentaSoopmed: Belo
neonatal period of Wistar rats caused mild diabetesHorizonte; 2008.

in the adult phase of these animals, as confirmddwang JH, Perseghin G, Rothman DL, Cline GW,
by the the presence of glycemic alterations in the Magnusson |, Petersen KF, Shulman GI. Impaired net
STZ rats, but such alterations were not sufficient "€Patic glycogen synthesis —in insulin-dependent

i h the | in | | d H diabetic subjects during mixed meal ingestion. £13
0 change he insulin 1evels and, ConsSequently, . ,qoq magnetic resonance spectroscopy stddy.

there is not impairment in the liver glycogen level  cjin nvest 1995; 95(2): 783-787.

at the end of pregnancy. lessi IL, Bueno A, Sinzato YK, Taylor KN, Rudge MV,
Damasceno DC. Evaluation of neonatally-induced
mild diabetes in rats: Maternal and fetal
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