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Siraitia grosvenori Swingle (SG) is a traditional Chinese fruit"used as a folk medicine. Jts extract (SG-ex) contains pofent sweet elements with 2
sweetness several hundred times higher than table sugar. We investigated the antidiabetic effect of SG-ex in the type 2 diabetic Gomo~Kakizaki
(GK) mat, Diabetic 7-week-old GK rats were fed a diet supplemented with, 0-4 % of the SG-ex far 13 wecks, and its antidiabetic effects were eval-
vated. SG-ex had no effect on food intaks or body weight In oral glucose tolerance tests (OGTT), SG-ex supplementation improved the insulin
response at 15 min (conirol, 63 {seM ) pi; SG-ex, 107 (SEM 20) pM; P<<0-05) and reduced the plasma glucose level at 120 min after the glucose
admintstration {coatrol, 18-3 (5EM 0-8) mM; SG-ex, 14-8 (semM 0-7) mnt; P<0-05). The totzl amount of insulin in whole pancreas taken from fasting
rats was higher in the SG-ex-sapplemented group, which may explain the greater capacity to secrete insulin during the OCGTT. Thiobarbituric acid-
reactive substances in both the liver and the plasma were lower in the SG-ex-supplemented group, suggesting that an absorbable component in SG-
ex has an antioxidative effect om lipid peroxidation, thereby counteracting the oxidative stress caused by a diabatic state. Excreted urine volume
and urinary albumin Jevel for 24 h were both reduced in the $G-ex-supplemented group, suggesting the attenuation of kidney damage that is cansed
by diabetes. These data indicate that SG-ex supplementation may prevent complications and atteruate pathological conditions for type 2 diabetes,

along with its sweet characteristics.

Siraitia grosvenori Swingle: Antidiabetic effects: Diabetes: Insulin response: Sugar substitutes

Siraitia grosvenori Swingle {(SG) is a traditional Chincse fruit,
_ and belongs to Cucurbitaceous species. |t has been used as a
folk medicine for sore throats, coughs, and minor stomach
and intestinal troubles. The extract from this fruit (SG-ex)
has been reported to have a sweetness 150 times as stong
as sucrose in spite of having minimal energy content (Lee,
1975}, Its dry fruit has been found to contain several triterpene
glycosides, namely mogroside IV, mogroside V and mogro-
side VI (Takemoto et 2l 1983). Two additional iriterpene gly-
cosides in SG-ex, siamnenoside I and 1l-oxo-mogroside V
(110M-V), were alse found to bave a strong swectiness
(Kasai et al. 1989). The relative sweetness of mogroside IV,
mogroside V, siamenoside T and 110M-V werc 392, 423,
563, and eighty-four times as potent as that of sucrose,
respectively (Matsumoto et al. 19990). Because of this potent
sweetness with a minimal epergy content, SG-ex has been
commercially ntilised as a sweet component in sugar substi-
tutes, especially for diabetes.

Recently, SG-ex or its constitnents have been shown 1o have
various physiological functions. PFor instance, 110M-V has a
strong inhibitory effect on LDL oxidation, and thus is likely to
reduce the atherogenic potential of LDL (Takeo et al. 2002).

The inhibitory effects of 8G-ex on the fnitiation and promotion
of cancer have also been reported {Takasaki ef al 2003).
In addition, SG-ex has been found to have anti-allergenic effects
(Hossen ef al. 2003). We also found that 5G-ex reduced hyper-
glycaemia after a single oral administration of maltose in the vat
{Suzuki et al, 2005). In vitre, SG-ex, as well as its constituents
mogroside V, mogroside IV, mogreside Il and siamenoside I,
bave been found io inhibit a-glucosidase (Suziki e af, 2005).
The a-ghicesidase inhibitors are kmown to delay casbohydmte
digestion in the small-intestinal tract and thereby to reduce
rises of postprandial plasma glucose and of plasma insulin
levels (Clissold & Edwards, 1988; Toeller, 199%4). Voglibose
and acarbose are well-known a-glucosidase iphibitors and in
fact have been shown to be beneficial for treating type 2 diabetes
as dmgs (Saito ef ol 1998; Rury ef ol 1999). We thus hypoih-
esised that long-term administration of SG-ex is beneficial for
type 2 diabetes.

The Goto—Kakizaki (GK) rat is an animal model of spon-
taneous pon-insulin-dependent diabetes mellitus (Goto et al
1975). The diabetic state was generated by selective breeding
repeated over many generations with glucose infolerance as a
selection index, starting from a colony of non-diabetic Wistar

Abbrevistions: GK, Golo—Kakizaki; QUTT, oral glucoss tolerance test; 110M-V, 11-oxo-mogroside V; PGy, non-fasting plasma glucose levels; SG, Siraitia
grosvenori Swingle; St3-ex, Sirditia grosvenori Swingle extract; TBARS, thiobarbimdc acikh-reactive substance.
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rats (Gote & Kakizaki, 1981), The pathogenesis of dizbetes in
the GK rat includes an impaired insulin secretion (Portha eral.
1991), insufin resistance {Bisbis er al. 1993) and abnormal
glucose metabolism (Ostenson er al. 1993). In comfrasv to
many other Todent models of type 2 diabetes (Janssen er al.
1999}, GK rats do not become obese (O'Rouike 7 al 1997)
and do not develop hyperlipidaemia (Zhou er al. 1995).
These characteristics are similar to the typical Asian-type dia-
betes, and thos wd found i an appropriate model to study fhe
effect of 8G-ex on type 2 diabetes.

Accordingly, the present study was performed to examine
the effect of SG-ex supplementation in the diet op attenuating
the pathologicat status of type 2 diabetes.

" Materials and methods
Preparation of the extract from Siraitia grosvenori

8. grosvenori (8G-ex) was prepared in Guilin 5&T New Téch
Company (Guilin, China) as described previously (Suzuxi
2t al. 2005). Briefly, fresh fruits of 5. grosvenori were crushed
and boiled in water and the water-soluble fraction was coneen-

. trated 1mtil soluble solids of a 64-0 Brix paste, measured by
refractometry at 20°C. Mogtoside ¥, 110M-V, mogroside
IV, mogroside 111 and siamenoside [ contents in 8G-ex defer-
mined by HPLC method (Suzuki ef al. 2005) wese approxi-
mately 2-1, 02, 08, 0-7 and (-3 %, tespectively,

Study design

. Male GK rats (aged 5 weeks) were obtained from Clea Japan
" (Osaka, Japan). The animals were kept on a standard peliet
diet (CE-2; Clea Japan, Osaka, Japan) and water ad bifurr 10
acchimatise to their eavironment for 1 week. The rats were
fed the contrel artificial diet (Table 1) for another week, then
randomly allocated into two groups; comtrol and SGeex
groups. They were housed individuatly at controlled tempera-
tare (23 * 2°C), humidity (60 == 10 %) and lighting (09.00 to
21.00 hours), and allowed free access to the designated artificial
diet and water for the subsequent 13 weeks. The content of the
designated artificial diet is shawn in Table 1. Food intake and
body weight were measured every other day. Average food
intake was about 15g/d in both groups. Excess amounts of
diet {25 g/d) were given at 09.00 hours every day. Blood was
collected in mon-fasting conditions at 10.00 hours every otber

Tabie 1. Ingredients of the experimental diets

ingredient Cantent (gig)
Malze starch 530
Milk casein 200
Sucrose 100
Spyabean oil . 70
AIN-93VX mineral mix a5
AIN-83G vitamin mix 10
Methionine 3
Choline chlorkie 2
Cellulose 46
Siraitia grosvenori Swingle extract” 4
Total 1000

*For the conirol, Sialia grosvenor! Swingle extract was
replacad by celiviose.

week from the tail vein into heparinised tubes, and cenirifuged
at 3000 g for 10min at 4°C. The supernatant fraction {plastna)
was coflected and stored at —20°C until analysed. Plasma glu-
cose levels were measured by a glucose oxidase method using a
commercial kit ((Glucose B-test Wako; Wako Pure Chemical
Indusiries, Osaka, Japan). At week 13 of tzeatment (age Z0
weeks) after 16h starvation, rats were anaesthetised with
diethyl ether and kiiled. Blood was collected fiom the vena
cava, and the heart, liver, kidney, spleen, pancreas and smal}
intestine tissues were collected, weighed, frozen in liquid Nz
and stored at — 80°C umiil analysed. The animals nsed were
maintained in accordance with the guidelines of the National
Research Council (1985).

Oral glucose tolerance test

An oral glucose tolerance test (OGTT) was performed at week
7 of treatment (age 14 wecks). The tail vein blood was col-
lected in heparinised microtubes after 16h starvation as a cop-
trol blood sample at 0 min. Glucose (1 gkg body weight) was
intubated orally, and the tail vein blood was coilected in a
heparinised microtube at 30, 60, 90 and 120 min after the intu-
bation. Plasma glucose levels and plasma insulin levels
(FLISA Kkit, rebis insulinrat U type; Shibayapgi, Gunms,
Japan) were determined for each time point.

Urine analysis

During weeks 11 and 12 of supplementation (age 18-19
weeks), urine was collected. A rat was individually placed
in a metsholism cage for 3d before the urine cellection in
order to acclimatise the rat to the environment. The rat
could freely access the water and food. The urine was col-
lected at 24k inlervals for 24, Usinary albumin levels were
determined by a sandwich ELJSA kit (Shibayagi, Guuma,
Japan).

Pancreatic insulin level

Fasting pancreatic insulin levels wers determined by a sand-
wich ELISA kit {Shibayagi, Gunroa, Japan). Briefly, the pan-
creas (150mg) was homogenised I 600l PBS containing
0.05% Triton X-100 by a polytron homogeniser. The hom-
ogenate was serially dilated with the buffer provided in the
ELISA kit, and the insulin level was measured according to
the instructons.

Thiobarbituric acid-reactive substance level

Thicbarbituric acid-reactive substance (FBARS) levels of the
liver, kidney, pancreas and plasma were determined (Ohkawa
et al. 1979). Briefly, each tissue (liver, kidmey, pancreas;
150mg) was homogenised in 600l KC1 (1-15%) solution
by a polytron homogeniser. SDS (40pk 81%), 3004l
sodinm acetate buffer (20 %; pH 3-5) and 300 ul thicharbitudic
acid (0-8 %) were added to 8Q pl of the homogenate or 80 pl
of the plasma, and incubated at 95°C for 20min. After
cooling down the reaction mixture to Toom temperature,
200 wl of the deionised watsr and 1 ml of the n-butanol-pyridine
mixture {15:1; wv) were added, mixed and cenirifuged at
4000 rpr for 10 min. The absorbance of the supernatant fraction
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was measured at 535 mn n a spectrophotometerx. 1,1,3,3-Tetra-
ethoxypropane (0-5,1:25, 2-5 nmol/80 1l) was used 4s a stan-
dard. Protein concentrations for these tissues were determined
by a BCA assay (Pierce, Rockford, IL, USA)

. Plasma analysis

Plasma TAG {triglyceride E-test), plasma cholesterol (choles-
terol B-test), transanminase (irapsaminase C IL-test), y-glutamyl
teanspeptidase  (y-giutamyl transpeptidase C-test), lactase
dehydrogenase (factate dehiydrogenase C I-test) and alkaline
phasphatase (alkaline phospha X kif) were determined accord-
ing to the manufacturer’s instructions (Wako Pure Chemical
Industries, Osaka, Japasn).

Statistical analysis

Data on OGTT were analysed by two-way ANOVA for
repeated measures, and post hoc analyses were done by
Fisher's least significant difference test, These stafistical
analyses were performed with GiB-Stat 5.4 (Dynamic Micro-
systems, Silver Spring, MDD, USA). Student’s 7 test was per-
formed for urine, pancreatic insulin, TBARS and plasma
analysis. Results are expressed as mean values with their stan-
dard errors. Statistical significance was defined as P<<0-05.

Resulis

Food intake, body weight, tissue weight and non-fasting
plasma glucose

There were no significant differences between the control and
the SG-ex-supplemented rats for both food intake and body
weight (data mot shown), suggesting that SG-ex at this dose
for a 13-week supplementation peried does not have any
adverse effects on feeding performance. Average food intake
was about 15 g/d for both groups. The non-fasting plasma glu-
cose levels (PG} were measured every other week (Fig. 1).
The PGy were almost identical betwsen the two groups at the
beginning of the study until 4 weeks of treatment. However, at
week 8 of treatment, the PGy in the SG-ex group became
lower than that in the control group, and this trend was main-
tained until the end of the study. Although the difference did
ot rsach statistical significance (P> 0-05), this resull suggests
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Fig. 1. Plasma glucose levels of Golo—Kakizald rats in the non-fasting state.

(@), Siraftia grosvenorextract-supplemented group; {O), coniral  group,
Values are means {n 10), with standard errors represented by vertical bars.

that the longer supplementation with 5G-ex may attenuate the
elevated PGy caused by diabetes.

Oral glucose tolerance test

OGTIT were performed after 7 weeks of treatment. Fasting
plasma giucose was identical between the control and the
$G-ex-supplemnented gromp (Fig. 2 (A)). The Auchation pat-
terns of plasma glucose Jevels after the glucose administration
were similar between the two groups until 60 min. The control
group exhibited the typical pattern for diabetes: glacose
administration caused a quick enhancement of plasma glucose
and it stayed high orce increased. It was, however, found to be
significantly lower (P<<0-05) at 120min in the SG-ex group
than i the control group, which suggests that oratly sup-
plemented SG-ex may jmprove the ability to conérol postpran-
dial plasma glacose levels. The fasting plasma insulin level
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Fig. 2. Resufts of the oral glucose ierance test (OGTT). Plasma glucose
levels (A} and plasma Insuin levets (B) at 6, 15, 30, 60 and 120min after glu-
cose administration i the OGTT. (W), Simiia grosvenorbexiract-sup-
plemented group; {O}, control group, Values are means {1 8), with standard
errors represented by vertical bars. *Mean value was significanty ditferent
from that of the control group at the: same time point (P<0-05}. tMean value
weas significantly different #om that at Omin (P<0-05).
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was similar in both groups (Fig. 2 (B)). Strikingly, the 8G-&x
group showed a marked, short-lived increase at 15min in the
plasma insulin levels that returned to the control levels afffr
30min, This marked rise of plasma msulin could influence
liver and peripberal tissues to facilitate glucose uptake and
resalt in the decrease of plasma glucose levels at 120 min o
the SG-ex group, Farthermore, these results also suggest that
GK rats supplemented with SG-ex ameliorate the pancreafiic
insulin storage capacity daring fasting conditions or the insu-
lin-releasing capacity fiom the pancreas. We thus cxamined
the fasting pancreatic insulin contents.

Pancreatic insulin content

The total amnount of ingalin in whole pancreas taken from fast-
ing rats is shown in Fig. 3. As we had expected, pancreatic
insulin contents were significantly higher in the SG-ex group
than in the control groap (P=0-013), suggesting that the pan-
creas is capable of storing more Insulin in SG-ex-sup-
plemented rats, which can then be released prompily
responding to the rise in plasma ghuicose levels and propenty
regulate plasma glucose levels.

Urine analysis

The volume of urine and the urinary albumin levels are shown
in Fig. 4. The excreted nrine volume was significantly lowet in
the SG-ex group than in the control ane (P=0-036). Accord-
ingly, the urinary albumin level was significantly lower in
the §G-ex group than in the control one (F=0-044). These
Tesults suggest that 5G-ex is likely to attenuate the kidngy
functions, which are often damaged under the case of the dia-
betic complication.

Thioharbituric acid-reactive substance level

In order to amalyse lipid peroxidation, TBARS levels of the
liver, kidney, pancreas and plasma were measured {Table 2).
TBARS level was standardised by malondialdehyde, a metab-
olite of oxidised lipid, and thus reflects the extent of ligid

-
L)
i

Insutin eontent (nmoliissue)
L0
H

0 H
Caontrol group SG-ex group

¥ig. 3. Fasting pancreaic insulin levels measured by the sandwich ELISA. (W),
Simaitia grosvenofi-exract (SG-ex-supplemented group; (H}, conirol groug.
Valies are means {a 10), with standard erors represented by vestical bars.
~Mean value was sigrificartly diflerant from that of the confrol group {(P=0-013}.
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Fig. & Urine volume and urinary afbumin levets. Urine was collected for 24 h.

Excreled urine volume (A) and urinary atbumin levels (B) wera measured for

2d conseculively. (M), Siafia grosvenorqextract (SG-ex)-supplemersed
group; [C), control group, Values are means {n 10), with standard errors rep~
resented by vertical bars. *Mean value was significantly different from that of
the conirol group (P=0-036). tMean value was significanty different from
that of the control group {(P=0-044},

peroxidation. Average TBARS values werc higher in control
than in SG-ex-supplemented rats in all fonr tissues that we
measured in the present study, In particular, TBARS values
in both liver and plasma were siguificantly lower in SG-ex-
supplemented rats, suggesiing that lipid peroxidation was
inbibited by long-term administration of SG-ex.

Plasma analysis

Glutamic oxaloacetic ransaminase and y-glutamyl ranspepti-
dase were significanily lower in the SG-ex group. In addition,

Table 2. Thichabilusic acid-reactive substance (TBARS) levels (hmoimg)
in varlous issues™

{Mean valuas with their standard errors)

Corrtrol {7 10) SG-ex {n 10)
Mean SEM Mean SEM P
Liver 1.55 0-23 Q77 0402 0-007
Ptasma (-t46 Q-.009 0113 0-014 a7
Pancreas 585 2.9 50-8 36 0-087
Kidney Q72 0-08 0-66 405 0309

SG-ax, Siraitla grosvenor Swingle exiract

*fiata were fed the control (withaut SG-e) or the experimental (with §G-ex) det
for 73 weeks (see Table 1). TBARS levels of the fiver, kidney, pancreas
and plasma were detzrmined. Aesults are expressed as a matondigidehyde
eguivaient (nmol malondialdehydeimyg protain).
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Table 3. Siochemical analysis of the piasma”™
{Mean values with thelr standard errors)

Conitral (1110) SG-ex (n 10}
Mean SEM Mean SEM P
Total cholesteroi (mg/) 808 24 77 17 0428
TAG {mgf) 411 a7 3931 26 0-332
{GOT (U 275 08 24-8 14 0.042
GPT {iUny $.9 0-3 B4 0.2 0.093
- GTP (WM 33 01 28 01 oat
LOH (UM 266-2 22.5 2380 84 0051
ALP (UM 148.8 82 137.6 40 G-d68

SG-ex. Siraitia grosverion Swingle extrac; GOT, glutamic exaloasetio Tansanjin-
ase; GPT, glutamic pyruvlc Yransarninase; y-GTP, y-glutamyl transpeptidese;
LDH, lactic dehydrogenase; ALP, alkaline phosphaiase.

*Rats were fed the contral (wilhout SG-ex) or the experimental (with SG-e) diet
for 13 weeks (see Table 1).

average values of TAG, glutamic pyrovic transaminase, lactic
dehydrogenase and alkaline phosphatase were lower in the
SG-ex group (Table 3), although these differences were ot
statistically significant. These results suggest that the decline
of fiver fanction caused by diabetes is attenvated by long-
term supplementation of 8G-ex in rats.

Discussion

We demonstrated that a diet which is supplemented with SG-ex
exerted antidiabetic effects that appear to moderately ameliordte
various tigsues from the typical diabetic pathological status- In
.addition, & 13-week supplementation of SG-cx did not show
any adverse effects in GK rats, including feeding behaviows,
body weight and various biochemical parameters in various
organs.

We observed a trend of a lower PGyp in the 5G-ex-sup-
plemented rats compared with the comtrol rats, but it did
mot reach the statistically significant level. The effect of
long-term administration with voglibose, an o-ghicosicase
inhibitor, on the GK rat has been reported (Wada er al
'1999). Treatment was started at 12 weeks of age and the
PGyr hecome significantly lower in the voglibose-treated
GK rat than that in the conirol GK rat at 24 weeks of age.
Although the a-glucosidase-inhibitory effect of SG-ex has
been previotsly shown to be effective to inhibit the elevation

f postprandial plasma glucose levels in Wistar rats (Suzuki
er al. 2003), the activity of voglibose as an a-glucosidake
inhibitor is much more potent than that of 3G-ex. Thus, it
may take longer for SG-ex to significantly decrease the
PG

In the present experiment, pancreatic insulin of aduit GX rats
it week 13 of the treatment {age 20 weeks) was 8 Inmol/pan~
creas, while the typical paucreatic insulin of adult Wistar rass
{age 18 weeks) is 424 nmol/pancreas (Movassat et al. 1997).
We observed 1 significant increase of pancreatic insuiin in the
SG-ex-supplemented GK rat, although it was about 114 pmol/
pancreas and still much lower than the normal level in Wistar
kats. The GK rat has been shown to develop an alteration of

-cells as early as embryonic day 21-5, and the deficit of tofpl

ancreatic B-cell mass in the GK rat has been shown to be maih-
-ained in the adult animal (Movassat et gl. 1997). It is therefore

possible that the B-cell fauctions are hardly recovered to the
normal level after pancreatic P-cells were severely impaired
during embryonic development.

Kidney function in streptozotocin-induced type I diabetic
rats was shown 10 be disrupted and urinary albumin was
reported fo be inereased in the diabetic rat (Adachi er al
2000). Urine volume in the Wistar rat is reported to be
about 6-9ml/24% (Adachi et of. 2000) and that in GK rats in
the present study was 10-0mi/24h. Thus, the wine volume
of control GK rets being higher than that of normal Wistar
rats causes the conirol GK rat to excrste more albomin. There-
fore our observations, where SG-ex-supplemented GE rats
excreted less nrine and uripary albumin than comtrol GK
rats, suggest that kiduey dysfunction caused by diabetes was
attenuated by the supplementation with SCG-ex.

The OGTT revealed that glucose tolerance in SG-ex-sup-
plemented GK rats appeared to be ameliorated compared with
that in control GK rats. The plasma glucose levels were
decreased significantly (P<<0:05) at 120 min in SG-ex-sup-
plemented GK rats, The plasma insulin levels in the SG-ex-sup-
plemented GK rats at 15 min were significantly higher than that
in the comtrol rats. An antiozidant, c-tocopherol, has been
reported to ameliorats glycaemie control in GK rats (Thara
et al, 2000). Tt was reported that in the OGTT, plasma ghucose
levels were decreased sighificantly ot 30 and 120 min in the
e-tocopherol-supplemented GK rats and plasma insulin levels
in o-tocopherol-supplemented GK rats were significantly
higher at 30 min, which is quite similar to what we have observed
in the 8G-ex-supplemented GK rats. 110M-V, one of the sweet
components in SG-ex, has been reported to have an antioxidative
effect (Takeo ef al. 2002), and thus it may be possible that anti-
oxidative components in SG-ex such as 110M-V could have a
similar effect as a-focopherol.

It has been shown that the chronic hyperglycaemic staie in
the GK rat induces oxidative stress on the panereatic B-cells,
which appeared fo cause cytotoxicity making pathological
conditions worse (Thara et al. 1999). a-Tocopherol has been
found to be accumulated in the pancreas when supplemented
in the diet (Jhata et gl 2000). Although it has not yet been
directly proven that antioxidative components in SG-ex
are absorbed into the circulation, the zednctions of lipid
peroxidation (measured by TBARS) in the liver, plasma and
pancreas of SG-ex-supplemented GK rats snggest that anti-
oxidative components are absorbed and delivered to various
tissues. It is therefore possible that antioxidative components
in 8G-ex were targeted to the pancreas and helped to repair
its function as well as e-tocopherol did. This feasible hypoth-
esis still needs o be investigated.

I a recent placebo-controlled large-scale clinical trial, acar-
bose, an a-glucosidase inhibitor, has been shown (o improve
sensitivity to tnsulin and decrease postprandial hyperglycaemia,
thereby releasing the stress on the Bcells (Chiasson et al. 1996).
The fundamental mechanisms of acarbose and that of SG-ex are
similar, 1e. they act as a-glacosidase inhibitors. Therefore it is
conceivable that long-term supplementaiion with SG-ex conld
have the similar antidiabetic effect in human subjects.

In summary, SG-ex exhibited an antidiabetic effect on the
spontaneonsly diabetic GK rat by improving insnlin response
in the OGTT, accumulating insuli in the pancreas in the fast-
ing state, ameliorating kidney function, and enbancing amti-
oxidative properties in the liver and the plasma.
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