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Abstract Geranium graveolens, Sarcopoterium spinosum
and Varthemia iphionoides are utilized traditionally for dia-
betes ethnomedicine in Jordan. Their aqueous extracts (AE)
for antidiabetic activity and mechanism of action were in-
vestigated in vitro. Insulin secretion and pancreatic prolifer-
ation as well as glucose diffusion in vitro bioassays were
recruited. Similar to L-alanine, S. spinosum AE (0.01 and
0.5 mg/ml) potentiated acute glucose-stimulated Ca2+ regu-
lated insulin secretion in the clonal pancreatic β-cell line
MIN6 (19.3 and 20.6 folds, P<0.001). G. graveolens and V.
iphionoides AEs were inactive. Comparable to GLP-1-
enhanced β-cell proliferation, G. graveolens AE (0.01 and
0.05 mg/ml), S. spinosum (0.1 mg/ml) and V. iphionoides
AEs (0.5 and 1 mg/ml) induced augmentations in pancreatic
BrdU incorporation (P<0.05−0.001). Performing effective-
ly as guar gum diffusional hindrance, all three plants’ AE
concentrations retarded 24 h glucose efflux into external solu-
tion across dialysis membrane (P<0.05−0.001). Conclusively
β-cell mass expansion was augmented and carbohydrate
absorption was reduced by all selected plants. Exceptionally,
S. spinosum stimulated pancreatic insulin secretion.
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Introduction

Diabetes is characterised by impaired β-cell function, and
reduced insulin sensitivity and secretion. Over time, glycemia
control deteriorates and leads to micro- and macrovascular
complications [1]. Sulphonylureas stimulate insulin secretion,
exerting a hypoglycemic action in type 2 diabetes [2]. Chronic
sulphonylureas therapy progressively fails due to direct de-
sensitization and decline in beta cell KATP channel activity [3].
In Jordan, the use of ethnomedicinal and edible plants in
management of diabetes is a common practice [4, 5]. On the
other hand, the observations and findings of several regional
researchers support the increase of diabetes in Jordan [6, 7].

We studied the aqueous extracts of the following plants
from the Jordanian traditional medicine [8, 9]: Geranium
graveolens L.Her.exn Ait (Geraniaceae), Sarcopoterium
spinosum (L.) Spach (Rosaceae) and Varthemia iphionoides
Boiss (Compositae).

To our knowledge, none of the selected plants have
been previously tested for possible effect on the pancreatic
β-cells. Accordingly, to observe the possible changes in
the proliferation, the MIN6 cells were incubated in the
presence and absence of plant extracts. Furthermore, to
test the dietary viscosity-based extrapancreatic eventual
delay and/or minimizing in postprandial hyperglycemia
and postprandial hyperinsulinemia [10–13], a simple glu-
cose dialysis model was employed. Finally at the
submaximal stimulatory glucose concentration (5.6 mM),
the anticipated potentiating of a Ca2+-regulated glucose-
stimulated insulin secretion by the selected plants’ aerial
parts’ aqueous extracts were evaluated. Despite reports on
V. iphionoides ethanol extract [14] and S. spinosum root
aqueous extract [15] insulinotropic properties in vitro,
principally their possible non toxic but physiological role
in regulating the Ca2+ dependent insulin release was fur-
ther elucidated [16, 17].
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Materials and methods

Chemicals and biochemicals

Dulbecco Modified Eagle Medium (DMEM) containing
25 mM glucose was obtained from Invitrogen (USA).
ELISA jumbo kit for rat high insulin was purchased from
ALPCO (USA) and MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay kit from Promega (USA).
The assays were performed according to manufacturer’s in-
structions. Unless stated otherwise, all reagents and chemicals
were from Sigma (Dorset, UK). Dialysis tubing Spectra/Por® 7
Biotech Regenerated Cellulose (RC) membranes, MWCO
2000 purchased from Spectrum Europe B.V, Breda,
Netherlands. Falcon tube 50 ml was obtained from Iwaki
Scitech Division, Japan. Coated analytical thin layer chroma-
tography (TLC) plates were procured from Merck, USA.
Shaking incubator was from LabTech®, Daihan LabTech Co.,
LTD. (Korea). D (+) glucose was procured from Riedel-
deHaen, Seize (Germany). GlucoseGOD-PAP kit was obtained
from BioLabo Reagents, France. In UV determinations UV–
VIS spectrophotometer from SpectroScan 80D (UK) was used.

Plant material and extraction

Leaves of G. graveolens [1 GERA-FMJ] and fresh aerial parts
of S. spinosum [9 ROSA-FMJ] and V. iphionoides [9 LABI-
FMJ] were collected from the Greater Amman area in the
spring of 2009. The plant materials were taxonomically identi-
fied by Prof. Barakat Abu Irmaileh, Faculty of Agriculture-The
University of Jordan. Voucher specimens were deposited in the
Department of Pharmaceutical Sciences, Faculty of Pharmacy-
The University of Jordan. After removing the extraneous ma-
terial, the plants were dried at room temperature in the shade.
For the preparation of the crude aqueous extracts (AEs) each
10 g of the dried coarsely powdered plant material were
refluxed with 100 ml tap water for 15 min and kept overnight.
After filtering twice, the volume of the filtered solution was
increased to 100ml with tap water to obtain 10% (equivalent to
100 mg/1 ml) crude aqueous solutions [18].

MIN6 cell culture and insulin secretion static incubation
experiments

Pancreatic β-cells MIN6 (passage 39–45) were maintained in
DMEM containing 15 % foetal bovine serum (FBS), 100
U/ml penicillin, 100 μg/ml streptomycin, 100 μg/ml L-gluta-
mate, and 5 μl/L β-mercaptoethanol in a 37 °C humidified
atmosphere with 95 % air and 5 % CO2. The culture medium
was changed every 48–72 h [19]. In testing the Glucose
Stimulated Insulin Secretion (GSIS) from MIN6, cells were
cultured in 96-well plates at density 50,000 cell/well until
80 % confluent. On the day of experiment, growth medium

was removed and the cells were washed with phosphate-
buffered saline (PBS). Cells were preincubated for 1 h at
37 °C in 5 % CO2 in HEPES-balanced Krebs-Ringer phos-
phate buffer (KRH) composed of (in mM) 129 NaCl, 5
NaHCO3, 4.8 KCl, 1.2 KH2PO4, 1.2 MgSO4, 10 HEPES,
2.5 CaCl2 and 0.1 % BSA (pH 7.4, NaOH) supplemented
with 1.1 mM glucose. Incubation medium was removed, and
the cells were washed once in glucose-free KRH. Subsequent
test incubations in 5.6 mM glucose - KRH alone (untreated
negative control) or supplemented with appropriate treatments
(L-alanine 10 mM [16, 20] or plants AE 0.01–25 mg/ml, N=
4) were performed for another 1 h. Cell viability was assessed
post 1 h-acute incubations using MTT assay. When investi-
gating the effects of extracellular Ca2+-free incubations on
pancreatic insulin secretion [16], 2.5 mM CaCl2 was removed
from KRH buffer preparations, so that cells were incubated in
a Ca2+-free KRH in the same panel of GSIS studies described
previously. For all experiments, incubation medium was col-
lected and stored at −20 °C for a subsequent ELISA determi-
nation of the amount of secreted mouse insulin.

Cell viability and proliferation assays

Cell viability was assessed by a MTT kit. MIN6 cells were
subcultured on 96-well plates (10,000 cells/well) in growth
medium containing different aqueous concentrations of the
selected plants (0.01–1 mg/ml, N=4). After 48 h of incubation,
the effects of the plant extracts on cell viability were evaluated
according to kit’s manufacturer protocol. Proliferation of MIN6
cells was evaluated with a colorimetric ELISA- based BrdU
incorporation kit. In brief, MIN6 cells (young passage) were
seeded onto 96well plate (10,000 cell/well density) and left to
adhere overnight. They were serum starved for 24 h before 48 h
treatments with plants aqueous concentrations (0.01–1 mg/ml)
or GLP-1 500 nM [21], (N=3) . 10 μM BrdU dye/well was
added to culture medium of different treatment wells and
incubated for the second 24 h of the 48 h-chronic incubation
time. The rest of the assay was performed in accordance with
manufacturer protocol instructions.

Glucose movement in vitro

Glucose solution (0.22 M in 0.15 M NaCl) was added to a
dialysis tubing (10 cm x 11 mm) which was sealed at both
ends, and dialysed against 45 ml of 0.15 M NaCl in 50 ml
tube overnight. The optimum temperature for maximum
glucose diffusion was established at 37 °C. Gentle shaking
as well as a shaking incubator were used to simulate intes-
tinal contractions effect on intestinal glucose absorption
[22]. The end point of glucose diffusion equilibrium (glu-
cose diffusion into the external solution) was found by
measuring the external solution glucose content in dialysate
at 0, 3, 6, 18 and 24 h time intervals. Glucose concentrations
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were measured in duplicates per time point-sample. The
assay was internally controlled using 5 mM glucose solu-
tions prepared alongside the experimental glucose samples.
Guar gum 50 mg/ml [23] or plant AEs 10, 25 and 50 mg/ml
in 0.22 M glucose in triplicates were dialysed against
0.15 M NaCl overnight at 37 °C with gentle shaking and a
parallel plant-free (negative) control was included [13].

Phytochemical screening

Ethanolic extracts (10 %) of each of the three plants were
subjected to TLC examination for group determination of the
secondary metabolites. Modified Dragendroff’s reagent for
alkaloids, ferric chloride reagent for phenolics, Naturstoff re-
agent for flavonoids, ethanolic KOH for coumarins and
vanilline/sulphuric acid reagent for terpenoids were used.
Solvent systems for the development of ready coated analytical
TLC plates were selected according to Wagner & Bladt [24].

Statistical analysis

The values are presented as mean±S.E.M.) of 3–4 indepen-
dent experiments. Statistical differences between control
and different treatment groups and A.U.Cs (incremental

Area Under 24 h-glucose Curve) were determined using
Graphpad Prism one way analysis of variance (ANOVA)
followed by Dunnett post test whenever appropriate (ver-
sion 3.02 for windows; GraphPad Software, San Diego, CA,
USA). A.U.Cs were calculated by Graphpad Prism. Values
were considered significantly different if P<0.05.

Results

Glucose-dependent modulation of insulin secretion
in pancreatic β-cell by plants AE

The mouse insulinoma MIN6 β-cell line was the cellular
model to examine the in vitro effects of the G. graveolens, S.
spinosum and V. iphionoides extracts on pancreatic β-cell
proliferation and insulin secretion. To evaluate the
insulinotropic activity of plant extracts, submaximal stimu-
latory glucose concentration (5.6 mM) was used in the acute
culture incubations. L-alanine 10 mM was used as a positive
control and it enhanced substantially (P<0.001) GSIS in
MIN6 by 285.4±73.2 % (N=4) following 1 h-incubations,
compared to untreated (glucose only) controls (Fig. 1a-c).
G. graveolens and V. iphionoides AE doses lacked any
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Fig. 1 Modulatory effects of plants AE (0.01–25 mg/ml) on augmen-
tation of pancreatic GSIS following acute 1 h-treatments as evaluated
by insulin ELISA. a Geranium graveolens. b Sarcopoterium spinosum.
c Varthemia iphionoides. Each bar indicates the mean±S.E.M of four

determinations. *P<0.05 and ***P<0.001 compared to respective
5.6 mM glucose (negative) control wells. ΔΔΔP<0.001 compared to
respective treatment conditions in the presence of 2.5 mM Ca2+

according to ANOVA followed by Dennett post test
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marked augmentation of MIN6 GSIS in acute treatment
wells compared to basal controls, (Fig. 1a and c, respective-
ly). G. graveolens AE 5 and 10 mg/ml seemed to antagonise
pancreatic GSIS significantly (P<0.05, Fig. 1a). Cell via-
bility was unaffected, negating against either plant inflected
cytotoxity. Nevertheless, exceedingly superior to L-alanine
secretory capacity, S. spinosum AE concentrations 0.01 and
0.5 mg/ml potentiated GSIS in pancreatic MIN6 highly
substantially by respective 19.3 and 20.6 folds (P<0.001
vs. plant-free controls, Fig. 1b). Significant increase of the
MIN6 insulin release at higher concentrations was not
detected. Cell viability, as checked by MTT assay, was
unchanged over S. spinosum mediated 1h-incubations.

Ca2+ dependency of the insulinotropic effect of potent plants
AE

Figure 1b illustrates that the marked insulintropic trend of
L-alanine was highly significantly abolished in Ca2+ deplet-
ed KRH to respective 87.6±8.6 % (P<0.05 vs. basal Ca2+

free glucose-only (negative control) wells; and P<0.001 vs.
respective Ca2+ buffered L-alanine wells). Consistent with
L-alanine pancreatic physiology; Ca2+ depleted S. spinosum
treatments (0.01 and 0.05 mg/ml) reduced pancreatic se-
cretory function to 155±21 and 213±71 %, respectively,
P<0.001 vs. relevant Ca2+ supplemented conditions (Fig. 1b).
Pancreatic secretory output in S. spinosum concentrations 10
and 25 mg/ml was potentiated Ca2+ independently by 3.43
and 4.37 folds, respectively (P<0.05 compared to basal Ca2+

depleted glucose-only wells (Fig. 1b). The coupling for extra-
cellular Ca2+ influx via voltage gated Ca2+ channels (VGCC)
and subsequent induction of insulin exocytosis was not
needed for S. spinosum insulinotropic properties at high
concentrations.

Pancreatic β-cell viability/expansion modulation by plants
AE

Compared to control cells, 48 h post seeding G. graveolens
AEs at doses 0.01–1 mg/ml preserved cell integrity
(Table 1). S. spinosum AE 0.01–1 mg/ml concentrations
had no viability-compromising properties (Table 1). V.
iphionoides chronic culturing dosage gradient (0.1–1 mg/ml)
proved non cytotoxic as well (Table 1). A colorimetric
immunoassay of BrdU-incorporation into MIN6 β-cell ge-
nome was recruited to ascertain proliferative properties.
Figures 2a–c demonstrate that GLP-1 (500 nM) highly
significantly promoted a maximal extent of BrdU incorpo-
ration by 1.33 to 1.5 folds (P<0.001) in comparison to basal
BrdU incorporation (spontaneous control). Less effectively,
G. graveolens AE 0.01 and 0.05 mg/ml augmented BrdU
incorporation by respective 1.22 and 1.18 folds (P<0.05 vs.
basal controls, Fig. 2a). Similar to 48 h- MTT findings, S.

spinosum AE 0.1 mg/ml induced a moderate increase in
pancreatic BrdU incorporation (1.16 folds, P<0.05 vs.
plant-free controls, Fig. 2b). Comparable to GLP-1 prolif-
erative properties, highly significant efficacies were
recognised for V. iphionoides AE 0.5 and 1 mg/ml, pro-
moting BrdU incorporation by respective 1.39 and 1.31 folds
(P<0.001 vs. controls, Fig. 2c).

Extrapancreatic modulation of glucose movement in vitro
by plants AE

Using the diffusion model described; mean AUC, incremen-
tal Area Under 24 h glucose Curve, for the viscous water-
soluble gel-forming viscous guar gum (50 mg/ml) was de-
creased highly significantly by 30.8±2.5 % (P<0.001, N=3,
Fig. 3) compared to overnight negative control. Guar gum is
a natural oral antidiabetic and classical positive control. Less
effectively than guar, however, G. graveolens (25 and
50 mg/ml) retarded substantially (P<0.05) AUC for 24 h
glucose efflux in vitro by 10.5±2.5 % and 11.8±4.6 %
decrease in AUCs respectively, versus basal plant-free over-
night controls (Fig. 3). Similarly, S. spinosum AEs (25 and
50 mg/ml) hindered highly pronouncedly (P<0.001) glu-
cose diffusion by respective 14.6±5.7 % and 16.7±0.5 %
decrease in AUCs compared to basal controls (Fig. 3).
Outstandingly comparable to guar effects, V. iphionoides

Table 1 Modulatory effects of the plants’ AE (0.01–1 mg/ml) on the
viability of pancreatic β-cells MIN6 in 48 h post seeding as measured
by MTT kit

Treatment MIN6 Viability (as %Control)

Control incubations (plant free) 99.5±10.4

Geranium graveolens AE (mg/ml)

0.01 124.0±2.8

0.05 95.0±7.8

0.1 120.6±1.5

0.5 125.1±1.8

1 138.4±1.3

Sarcopoterium spinosum AE (mg/ml)

0.01 105.7±2.0

0.05 102.5±2.3

0.1 109.4±3.0

0.5 118.8±3.0

1 113.7±3.4

Varthemia iphionoides AE (mg/ml)

0.01 122.5±24.6

0.05 121.8±19.8

0.1 127.6±14.1

0.5 122.6±20.8

1 98.1±13.9

Each result indicates the mean±S.E.M (N=4)
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AEs (10, 25 and 50 mg/ml) impeded highly significantly
and dose dependently the overnight sugar dialysis by 10.8±
4.6 % (P<0.05), 18.3±7.9 % (P<0.001) and 29.4±6.7 % (P
<0.001) decrease in AUCs, respectively, in comparison to
plant-free negative controls (the same figure).

Phytochemical analysis

The results of TLC screening of the selected plants species
are briefed in Table 2. Flavonoids, terpenoids, phenolics and
coumarins were identified in all tested plants, while the

presence of alkaloids could be hardly detected in any of
them (the same table). With the exception of S. spinosum,
coumarins were variably noticeable in G. graveolens and V.
iphionoides.

Discussion

Approximately 80 % of the investigated traditional plants
used for the treatment of diabetes demonstrated some
antidiabetic activity [25]. More commonly known as
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Pelargonium graveolens, G. graveolens was attributed anti-
microbial qualities [26]. G. graveolens-based dual inhibito-
ry efficacy of α-amylase and α-glucosidase with acute
antihyperglycemic trends in starch-fed normal rats were
reported [27]. Its lack on improvements in postprandial
glycemia responses is in agreement with the lack of any
acute plant-based insulinogenic activity, but seems to devi-
ate from its pronounced viscosity-based glucose diffusional
retardation qualities, suggesting the requirement for a rather
long term testing of G. graveolens extracts. In MIN6 2-day
treatments, G. graveolens induced maximal pancreatic mass
expansion by 1.46 fold comparable to GLP-1 agonists [21].
G. graveolens thus offers a viable candidate for combination
drug therapies of prediabetes and type 2 diabetes.

S. spinosum root extract increased basal and glucose
induced insulin secretion, had insulin mimetic effects de-
spite the low antioxidative capacity [15, 28]. In the present
study, S. Spinosum aerial parts AEs proved maximally
insulinotropic and proliferative in the pancreas with deplet-
ed Ca2+ exocytosis acutely reduced. S. spinosum -based dual
inhibitory efficacy of α-amylase and α-glucosidase in vitro
was confirmed by antihyperglycemic trends in starch-fed
rats [29]. In addition, S. spinosum impeded glucose move-
ment in vitro. This, however, does not explain the absence
of acute antihyperglycemic activity in glucose-induced-
hyperglycemia rats [29]. Earlier, Hamdan & Afifi [9]
highlighted the favourable effect of S. spinosum on control-
ling blood glucose level after the ingestion of high sucrose
in rats. This potency was further verified by in vitro α-
amylase inhibitory effect with an IC50 of 0.13 mg/ml [9].
Combination therapy improves glycemic control [30]. The
substantial extrapancreatic activity further complements the
pancreatic activities illustrated of S. spinosum, thereby, col-
lectively, advocating the plant as a potential source of com-
pounds with antidiabetic properties.

V. Iphionoides was a traditional diabetes remedy, partly
associated with moderate antioxidative capacity [28, 31],
antiplatelets and antibacterial activities [32, 33]. High inhib-
itory activity against porcine pancreas α-amylase was dem-
onstrated by V. iphionoides aqueous and ethanol extracts
[34]. Recent studies reported dose dependent dual anti-α-
amylase and anti-α-glucosidase efficacies of V. iphionoides
AE in vitro without a comparable activity in vivo; which
may be attributed to lack of action on pancreatic secretory
output [27]. The pancreatic prolifertaive capacities of V.
Iphionoides extracts in chronic treatments were identified.

As a result, V. iphionoides herbal extracts are potential
source of nutritious food with antidiabetic properties.

Orally active efficacious therapeutics of incretins and
incretin mimetics stimulate pancreatic cells growth and differ-
entiation, as well as exerting cytoprotective and antiapoptotic
effects on β-cells [21]. Thus they address the unmet clinical
needs of diabetes patients [35]. The preservation/restoration of
β-cell mass is one of the most promising therapeutic strategies
for this disease [36]: Diabetes-regenerative therapeutics are
based on the enhancement of self duplication capacity of pre-
existing β-cells, rather than pluripotent stem cell differentia-
tion [37]. It may also reveal the biological mechanisms regu-
lating β-cells expansion. Such an outcome may allow type 1
diabetes patients to regenerate residual remaining β-cells. G.
graveolens, S. spinosum and V. iphionoides AEs may offer a
promising avenue for treatment of β-cells demise in diabetes.
Hence, intensive chronic testing of plants inducing the pan-
creatic β-cell expansion will allow the emergence of safe and
efficient cell replacement therapies [38].

Similar to the plants-evoked inhibitive glucose efflux ef-
fects, Abutilon indicumAE inhibited glucose absorption across
the gastrointestinal tract dose dependently, in addition to its
insulinogenic properties in rodents [39]. Viscous dietary fibres
have the dual effects of hampering the diffusion of glucose and
postponing the absorption and digestion of carbohydrates [22].
The validity of this glucose dialysis model – recruited in our
line of work- allows the in vitro investigation of the postpran-
dial serum glucose lowering mechanism of aqueous plant
extracts. The results from our study are in agreement with
reports stating decreases in absorption of glucose due to the
presence of soluble fibres, where the principal effect of adding
soluble fibres to the diet of subject volunteers was decreasing
postprandial hyperglycaemia [20, 40–45].

Conclusions

G. graveolens, S. spinosum and V. iphionoides can improve
glucose homeostasis via delaying carbohydrate absorption
significantly and induction of β-cell mass expansion.
Distinctly, S. spinosum low concentrations potentiated
acutely Ca2+-regulated glucose-evoked acute insulin secre-
tion. However, further chronic testing is required to validate
their clinical implementation as therapeutic agents for im-
provements in impaired peripheral carbohydrate tolerance
and diabetes.

Table 2 Phytochemical screen-
ing of plants extracts Plant name Alkaloids Terpenoids Flavonoids Phenolics Coumarins

Geranium graveolens − ++ ++ ++ ±

Sarcopoterium spinosum − + ++ +++ −

Varthemia iphionoides − + +++ +++ +
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