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Pancreatic Weakness in Zucker Fatty Rats, a Genetic Obese Model
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Abstract: Pancreatic dysfunction 1s a pivotal factor on incidence and development of diabetes mellitus and
especially, the pancreatic weakness 15 a key defect contributing to diabetes mellitus. In this study, we
mvestigated the pancreatic weakness in obese Zucker Fatty (ZF) rats. Different doses of Streptozotocin (STZ)
were administered to ZF rats and the biochemical and the pancreatic related parameters were examined Wistar
rats were used as control animals. Before STZ injection, ZF rats showed a tendency to increase of insulinogenic
index as compared with that in Wistar rats but the disposition index in ZF rats was significantly decreased as
compared with that in Wistar rats. Moreover, the islets of STZ-untreated 7ZF rats were larger and had irregular
boundaries. ZF rats treated with STZ at a dose level of 20 mg kg™ were diabetic within one week after the
treatment whereas Wistar rats got the diabetic after 30 mg kg™ STZ was received.
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INTRODUCTION

Type 2 diabetes and Impaired Glucose Tolerance
(IGT) result from an imbalance between msulin sensitivity
and the ability to secrete insulin. Increased obesity is a
major determinant of insulin resistance but the insulin
resistance alone 13 msufficient to cause type 2 diabetes
(Szoke et al., 2008; Goran ef al., 2008). Tt 1s reported that
poor P-cell function is predictive of the development of
type 2 diabetes independent of insulin resistance
(Weyer et al, 1999, 2000). Moreover, pancreatic 1slet
B-cell dysfunction occurs well before frank hyperglycemia
oceurs (Xuetal., 2008; Holman, 1998). Pancreatic function
is a pivotal factor for considering the incidence and the
progression of diabetes mellitus. Zucker Fatty (ZF) rat 1s
a well-studied genetic model of obesity characterized by
hyperlipidemia, hyperinsulinemia, glucose intolerance and
insulin resistance (Inoescu et al., 1985; Hiramatsu et al.,
1995). In the fasting state, the plasma insulin level of ZF
rats 13 abnormally high Relative to the basal
hyperinsulinemia, the rise in plasma insulin after a bolus
injection of glucose is blunted in matwre fatty rats as
compared with age matched lean rats (Inoescu et al., 1985,
De Souza et al., 1995). Moreover, pancreatic slets from ZF
rats show some changes by chronic exposure to low or

high glucose levels (Chan ef al., 1996). The glucokmase
Voo Oof ZF rat islets was lower under all conditions,
thereby limiting the potential increase in insulin secretion
and the islets were easily desensitized. In this study, we
uwvestigated pancreatic weakness m ZF rats by
Streptozotocin (STZ) treatment. STZ 1s known to be a
diabetogenic agent which acts by causing selective
destruction of pancreatic B-cells (Szkudelski, 2001).

MATERIALS AND METHODS

Animal: Male ZF rats and Wistar rats (Charles River
Japan, Yokohama, Japan) were used for the study. ZF rats
or Wistar rats were divided mto two groups, a control
group and a STZ-treated group. Rats were housed in
suspended bracket cages and given a standard laboratory
diet (CRF-1, Oriental yeast co., ltd., Tokyo, Japan) and
water ad libitum in a controlled room for temperature,
humidity and lightning.

STZ treatment: ZF rats (18 weeks of age) or Wistar rats
(12 weeks of age) received a single intravenous iryection
of 10 mg kg™ STZ (Sigma, St. Louis, MO, USA) freshly
dissolved in saline. Dosage of STZ has been gradually
increased from 10-30 mg kg ™' every week.
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Biophysiological parameters: Body weights and blood
chemical parameters such as glucose, insulin, Triglyceride
(TG) and Total Cholesterol (TC) levels were examined
every week. Free Fatty Acid (FFA) level was measured
only before STZ injection. Blood samples were collected
from the tail vein of non-fasted rats. Serum glucose, TG,
TC and FFA levels were measured using commercial kits
(Roche Diagnostics, Basel, Switzerland) and automatic
analyzer (Hitachi, Tolyo, JTapan). Serum insulin level was
measured with a rat-insulin Enzyme-Linked Tmmuno-
sorbent Assay (ELISA) kit (Morinaga Institute of
Biological Science, Yokohama, Japan) In ZF rats
(18 weeks of age) or Wistar rats (12 weeks of age) before
STZ injection, Oral Glucose Tolerance Test (OGTT) was
performed. Glucose selution (2 g kg™") was administered
to overnight-fasted rats. Blood samples were collected
before and 30, 60 and 120 min after glucose loading.
Serum glucose and insulin levels were measured as
described above. Glucose AUCs and insulin AUCs were
also calculated. To evaluate the nsulin response to
glucose during OGTT, the insulinogenic index
(Ainsulin/Aglucose) was calculated using incremental
msulin and glucose level for 0-30 min after

loading. Furthermore, disposition index
index/insulin  level at 0 min) was
characterize secretion in the

serurmn
glucose
(insulinogenic
calculated to
context of msulin sensitivity.

nsulin

Pancreatic histology: In STZ-untreated group, necropsy
was performed at 3 weeks after first STZ injection. The
pancreas was fixed m 10% neutral buffered formalin. After
resection, the tissue was paraffin-embedded by standard
techniques and thin-sectioned (3-5 pm). The sections
were stained with Hematoxylin and Eosin (HE). The islet
size was examined histopathologically. One slide per
animal was analyzed, representing regions of pancreas.
All islets within slide were circled and islet size was
calculated using Win ROOF Ver. 5.01 software (Mitani
corporation, Fukui, Japan).

Statistical Results of biophysiclogical
parameters and pancreatic islet size were expressed as the
meantStandard Deviation (SD). Statistical analysis of
differences between mean values was performed using the
F-test followed by the Student’s t-test or Aspin-Welch’s
t-test. Differences were defined as significant at p<<0.05.

analysis:

RESULTS AND DISCUSSION

Biological parameters (before STZ treatment): ZI rats at
18 weeks of age showed the mcrease of body weight,
blood insulin, TC and FFA levels as compared with those

levels in Wistar rats at 12 weeks of age. The TG level
tended to mcrease but not significant. Basal glucose level
in ZF rats at 18 weeks of age was comparable to that level
1n Wistar rats at 12 weeks of age (Table 1). In OGTT, ZF
rats showed the increase of blood glucose and nsulin
levels after glucose loading and the glucose AUC and the
insulin AUC mereased as compared with those levels in
Wistar rats (Table 1). Insulinogenic index in ZF rats
did not show a significant
difference from that m Wistar rats. Moreover, the
disposition index significantly decreased as compared
with that in Wistar rats.

tended to increase but

Effects on STZ treatment: Both ZF and Wistar rats did
not develop diabetes at 10 mg kg™' STZ. All ZF rats
showed hyperglycemia (516.0 mg dL™' in average) after
20 mg kg™ STZ injection (Fig. 1a). Whereas in Wistar
rats, 20 mg kg™’ of STZ failed to elevate bloed glucose
(except one of four rats). All Wistar rats showed
hyperglycemia (552.0 mg dI.~" in average) after 30 mg kg™
STZ injection (Fig. 1a). After 20 mg kg™' STZ injection,
insulin levels in 7ZF rats decreased rapidly (Fig. 1b). Blood
TG and TC levels did not show a significant change by
STZ treatment (Fig. 1¢, d). Body weights in ZF rats tended
to decrease after 20 mg kg™ STZ injection but there was
no significant change (Fig. le).

Pancreatic histology: Pancreatic 1slet size n ZF rats at 21
weeks of age was about three times as compared with that
in Wistar rats at 15 weeks of age (mean value: ZF rat,
45183 um?® Wistar rat, 14249 um? (Fig. 2 and 3a, b).
Furthermore, irregular boundaries of islets in pancreas of
ZF rats were observed (Fig. 3a, b). ZF rat 1s a genetic
obese model which hyperinsulinemia and
hyperlipidemia. Also, ZF rats at 18 weeks of age in this
study showed the increase of body weight and blood
insulin and lipid levels as compared with those levels in
Wistarrats at 12 weeks of age. But the blood glucose

shows

Table 1: Biophysiological and pancreatic related parameters in Zucker fatty
rats (18 weeks of age) and Wistar rats (12 weeks of age)

Parameters Zucker fatty rat Wistar rat

Body weight (g) 685.1+£99,. 5% 420.8+21.10
Glucose (mg dL™1) 130.0+22.5 125,047,400
Insulin (ng mL™") 36.1£9.6%% 2.5+0.70000
Triglyceride (mg dL™) 048.8+551.8 179.9+115.6
Taotal cholesterol (mg dL™1) 236.1+£85.5%* 82.1+7.9000
Free fatty acid (mEqL™") 0.549+0.016%* 0.375+0.032
Glucose AUC (mgemin d.™*) 3095244 112%* 17886+661.0
Insulin AUC (ng*min dL™") 5986+1702%* 221+144.000
Tnsulinogenic index 0.086+0.067 0.038+0.033
Disposition index 0.002+0.002* 0.057+0.034

Data represents means+SD (n = 4 or 5); *p<.0.05 **p<0.01; significantly
different from Wistar rat; Glucose AUC, insulin AUC; insulinogenic index
and disposition index were determined in oral glucose tolerance test
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Fig. 1. Effects on: a) blood lucose; b) insulin; ¢) triglyceride; d) total cholesterol levels and e) body weight in ZF rats

or Wistar rats with injection of streptozotocin. Data represent meanstSD (n = 4). *p<0.05, **p=<0.01;
significantly different from the control ZF rats. #p<0.05, ##p<0.01; significantly different from the control Wistar

rats

level in 7ZF rats was similar with that in Wistar rats
(Table 1). Moreover, the ZF rats showed glucose
mtolerance and a tendency to mcrease of msulmogenic
mndex. In obese ammal models, the impawred glucose
tolerance and the msulin over-secretion after glucose
loading were observed (Upton et al., 1998, Mori ef al.,
1992: Ikeda et al., 1981).

In this study, STZ was used as diabetogenic agent.
STZ induced selective destruction of pancreatic P-cells
and 1t 1s used to mnduce both type 1 and 2 diabetes
(Szkudelski, 2001). The dosage of 10, 20 and 30 mg kg™
STZ was performed one by one. Both ZF and Wistar rats
did not develop diabetes at 10 mg kg™ STZ. All ZF rats
showed hyperglycemia after 20 mg kg™ STZ injection
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Fig. 2. Pancreatic islet size in the control ZF rats at 21
weeks of age and the control Wistar rats at 15
weeks of age. Data represent means+SD (n = 4).
*p<<0.05; significantly different from the control
Wistar rats

Fig. 3: Pancreas. HE stain. Original magnification x 100.
a) control ZF rats at 21 weeks of age; b) control
Wistar rats at 15 weeks of age. Pancreatic
islets m ZF rats are large and have irregular
boundaries

{Fig. 1a). Whereas in Wistar rats, 20 mg kg™ of STZ., failed
to elevate blood glucose. All Wistar rats showed
hyperglycemia after 30 mg kg™ STZ injection (Fig. 1b).
After 20 mg kg ™' STZ injection, insulin levels in ZF rats
decreased rapidly with the diabetes onset (Fig. 1b).
Since, ZF rats with STZ at a dose level of 20 mg kg™
showed a significant hyperglycemia, the rats did not
receive 30 mg kg™ STZ. Interestingly, a lower dosage of
STZ (20 mg kg™") made ZF rats diabetic. It is considered
that a pancreatic weakness exists in ZF rats.

We evaluated the appropriateness of P-cell fimetion
in relation to insulin sensitivity by calculating the
disposition index. It 1s reported that the disposition index
was lower mn subjects with pre-diabetes as the presence of
either Impaired Fasting Glucose (IFG) or IGT (Szoke et al.,
2008; Goran et af., 2008, Weyer et al., 1999). ZF rats also
showed a decrease of the disposition index (Table 1) and
the decrease suggested the pancreatic dysfunction m ZF
rats. In further study, it 1s necessary to mvestigate
mechanism of the pancreatic dysfunction.

Pancreatic islet size in ZF rats was about three times
as compared with that in Wistar rats (Fig. 2 and 3). There
are many reports concerning the size of pancreatic slet or
B-cell. Pancreatic islet size in Otsuka Long-Evans
Tokushima Fatty (OLETF ) rats from 6-28 weeks of age was
large as compared with that in control lean rats
(Iia et al., 2004). In Zucker Diabetic Fatty (ZDF) rats,
pancreatic P-cell mass was large from 6-10 weeks of age as
compared with that in control lean rats and the p-cell
mass at 12 weeks of age was similar size with that in the
lean rats (Finegood et al., 2001). In obese rats, the size of
pancreatic islet or P-cell grew with hyperphagia and
hyperinsulinemia.

On the other hand, in non-obese rats such as
STZ-diabetic rats and Goto-Kakizaki (GK) rats, the B-cell
mass was small as compared with the control rats
(Fernandez-Alvarez et al., 2004, Movassat et al., 1997).
Pancreatic weakness in ZF rats exists, although the
pancreas has large islet and an enough insulin-secretion
property. Irregular boundaries of islets in pancreas of ZF
rats were observed (Fig. 3) and the similar change was
observed in OLETF rats (Jia et al., 2004). One of the
reasons for pancreatic dysfunction in 7ZF rats is
considered to be lipotoxicity.

Blood FFA level in ZF rats was elevated (Table 1) and
increase of blood TG levels was sustained during the
experimental period (Fig. 1). It 1s reported that prolonged
elevation of FFA has an impairing (lipotoxic) effect on
B-cell function in rats and humans (Goh et al, 2007
Hirose et al., 1996; Lee et al., 1994; Leung et al., 2004).
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The pancreatic weakness in ZF rats might be caused
by the hyperlipidemia. Based on the defects in B-cell mass
mellitus,
knowledge about these parameters and especially
changes in them could be important for the early

and function seen in diabetes increased

diagnosis and for treatment of diabetes in human.
CONCLUSION

In 7ZF rats, the diabetes was induced by a lower
dosage of STZ and the existence of pancreatic weakness
was suggested. ZF rat is a useful model for studies of not
only insulin resistance but also pancreatic dysfunction.
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