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ABSTRACT

Background: Diabetes is a chronic metabolic disease which affects large number of
population all over the world. Such disease is associated with many complications which may
leads finally to patient’s mortality. More than 400 traditional medicinal plants have been
recorded for helping in controlling such disease. So this study was planned to evaluate the
effect of one of the famous plant mixture used in Saudi Arabia and some other Arab countries
as hypoglycemic agent.

Material and methods: Fourty adult male Albino Rats were divided into 8 experimental
groups: The first group was considered as a control group. The rest of groups were affected
by induction of experimental diabetes by subcutaneous injection of Alloxan. The second
group was consisted of diabetic rats without any treatment.The third group was treated by
water mixture of the plants used. The fourth group treated with Nigella sativa while the fifth
group treated with Aloe vera. The sixth one treated with Feruls assa foetida. The seventh
group was treated with Boswellia carterii Birdw and finally the last group was treated with
Commiphora myrrha. The used plant dose was 1ml / 100gm body weight. After four weeks
of treatment different physiological parameters were performed including estimation of the
body weight, blood sugar level and serum insulin level. Pancreatic samples were obtained and
processed for microscopic and quantitative evaluation after staining the prepared sections with
both Heamatoxylin and eosin as well as special stain for demonstration of the different
pancreatic cells in the Islet of the Langerhans.

Results: The obtained results showed that the induced diabetes was diagnosed by laboratory
assessment. The usage of the mixture or each plant alone was correct the glucose level,body
weight gain and the insulin level. Microscopically there was definite decrease in the number
and diameter of beta pancreatic cells in the diabetic group while the other pancreatic cells
were not affected (alpha and delta cells).

The use of medicinal plants in the different groups of this study greatly improves such
cellular changes and the level of blood sugar level was corrected. The results obtained by the
use of Commiphora myrrha was the best when compared with the rest of other plants. Delta
cells were reduced in number and diameter with such treatment.

Conclusions: It is recommended from such study that the use of the plant mixture as a
hypoglycemic agent may be of good results than the use of each plant separately besides
repeating such study with the use of variable doses may be helpful in better evaluation for the

required doses.
Key words: Alloxan - Hypoglyceamia - Diabetes - Pancreas

INTRODUCTION

Diabetes mellitus affects percent have type 1 (formerly known as
approximately 100  million  persons insulin-dependant) and 90% to 95% have
worldwide (Amos et al., 1997). Five to ten type 2 (non-insulin-dependant) diabetes
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mellitus. It is likely that the incidence of
type 2 diabetes will rise as a consequence of
lifestyle patterns contributing to obesity
(Meral et al., 2004). The pathogenesis of
hyperglycemia in type 2 diabetes involves
defects in both pancreatic secretory
function and insulin sensitivity .

Diabetes is possibly the world's
fastest growing metabolic disease, and as
the knowledge of the heterogencity of this
disorder increases, so does the need for
more appropriate therapies (Baily and
Flott, 1986).

Traditional herbal remedies which

are often free from side effects are still in
use by diabetic patients, especially in third
world countries and may therefore, present
new avenues in the search for alternative
hypoglycemic drugs (Ajagaokar, 1979)
and such remedies are used in treatment of
diabetes in developing countries. The actual
medicinal action of plant drug lies in its
active constituents such as alkaloids,
cardiac glycosides saponins, flavonoids,
volatel oils, terpenoids, resin and mucilage.
Many investigators reported that folk
medicine in Egypt had described 25 kinds
of Egyptian herbs and plants prescriptions
belonging to 13 families to be concerned
with the treatment of diabetes mellitus
(Mossa, 1985).
Nigella sativa is a medical plant used for
treating many diseases such as rheumatism
and cancer . The essential oil of Nigella
sativa  exhibits  hypo-glycemic  and
bronchodilator properties (AL-Hader et al.,
1993). In the Ipresent work, water extract of
a mixture composed of five plants was
proved to have a good hypoglycemic effect
on diabetic rats; Nigella sativa was one
component of this mixture. So, this study
was designed to follow up the action of a
mixture water extract or each plant alone
treatment and to show whether it has an
insulin like-action or it may accelerate
insulin secretion from pancreatic cells. Also
the study aims at revealing its effects on the
pancreatic cell type and numbers.

Diabetes is possibly the world's fastest
growing metabolic disease, and as know-
ledge of heterogencity of this disorder
increases, so does the need for more appro-
priate therapies (Baily and Flott, 1986).
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Traditional antidiabetic plants  might
provide useful source of new oral hypogly-
cemic compounds for development count-
ries as pharmaceutical entities, or as simple
dietary adjuncts to existing therapies. A
scientific investigation of traditional herbal
remedies for diabetes mellitus may be
valuable and leads to development of an
alternative drugs and therapeutic strategies.
Alternatives are clearly needed because of
the inability of current therapies to control
high cost and poor availability of current
therapies for many rural populations,
particularly in developing countries (Marles
and Farnsworth, 1995).

Alloxan and streptozotocin (STZ) were
found to be selectively B-cytotoxic agents
in animals and extremely potent
diabetogenic substances (Rakieten et al.,
1963), so alloxan and STZ have been
widely wused to produce diabetes in
experimental animals (Okamoto, 1984).

Commiphora myrrha (Myrrh) Family
(Burseraceae) is native to Northeastern
Africa, especially Somalia. Myrrh is one of
the oldest known medicines and was widely
used by the ancient Egyptians. It is an
excellent remedy for mouth and throat
problems, with a drying, slightly bitter
taste, and it also useful for skin problems,
atherosclerosis, hemorrhoid, heptoses, high
cholesterol, stomatosis, immunodepression
and hyperglycemia. The myrrh's Gum-
resin-volatile oil are the main used parts,
where it contains (30-60%) gum including
acidic  polysaccharides, resin(25-40%),
volatile oil (3-8%), heerabolene, eugenol
and many furansesquiterpenes (Chevallier,
1996 and Duke, 2002).

The present study was also a trial to clarify
the effect of some medicinal plants as
hypoglycemic agent and their effect on
different cells of islet of Langerhans.
MATERIAL AND METHODS
Material:
A-Animals: Forty adult male albino rats of
local strain with body weight ranging
between (120-140 gm) were used in the
current work. Rats were divided into eight
equal groups:
Group | (Control group), were given
subcutaneous (s.c.) saline solution
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(0.01 mi / 100gm b.wt.).
Group Il (Diabetic group), were given
s.c alloxan (120 mg / kg b. wt.)
for induction of diabetes mellitus
(Dunn et al., 1943).
The rest of the groups were diabetic
and treated as follows:
Group 111 treated with the mixture of the
tested plants.(0.1gm/100gm body
weight)
Group 1V treated with Nigella sativa.
Group V treated with Aloe vera.
Group VI treated with Ferula assa-foetida.
Group VII treated with Boswellia caterii
Birdw.
Group VIII treated with Commiphora
myrrha.
All groups were sacrified after 4 weeks.
B-Drugs and chemicals:
Alloxan (powder from B.D.H chemical
LTD,England), dissolved in acetate
buffer (pH 5.5) prepared immediately
before use.
Methods:
-Induction of diabetes mellitus: By giving
subcutaneous injection freshly prepared
alloxan solution 120 mg / kg after an
overnight fasting of the animals then 48
hours later blood glucose level was
determined by glocometer. Rats with blood
glucose level ranging from 180 to 250 were
considered diabetic (Dunn et al., 1943).

Three main laboratory parameters were
done including estimation of the animal
body weight, level of blood sugar ( Tietz
1986) and the serum level of insulin
(Reeves 1983).

The samples of pancreas were obtained
and processed for preparation of paraffin
sections. Two types of stains were used,
Hematoxylin & Eosin (HX&E) for
morphological changes and Modified
aldehyde fuchsin stain (Halami, 1952)for
identification of different cellular elements
in the Islet of langerhans.

Image analysis system was used for
determination alpha, beta and delta cells
number and diameters in the islet of
Langerhans.

Data were analyzed using student (t)
test, significant differences between the
means of control and treated groups were
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considered at p<0.05 (Sokal and Rohif,
1981)

RESULTS

Physiological changes:

1- Changes in the body weight (Table 1
,Fig. 1)

Highly significant decrease in the
body weight in the diabetic and Nigella
sativa treated group. Significant increase
in the weight was recorded in the group
treated by Ferula assa-foetida.
Insignificant change in the weight was
observed in other groups of the study.

2- Changes in the serum glucose level (
Table 2, Fig. 2)

Marked increase in the serum level of
glucose was recorded in the diabetic
group. All the treated groups showed
insignificant changes when compared
with the control rats.

3- Changes in the serum insulin level(
Table 3, Fig. 3)

Marked hypoinsulinemia was recorded
in the diabetic group when compared to
the control group. All other treated
groups showed insignificant changes
when compared with the control group.
Histological changes: ( Figs.10-25)

Insignificant changes was noticed in
the number and diameter of the alpha
cells in both diabetic and treated groups
during the experimentation.

There was reduction in the number of
beta cells beside cellular changes in the
form of vacuolation. The diameter of
beta cells was somewhat increased
mainly in the diabetic group.

Treated groups showed improvement
in both number and diameter of the beta
cells. The vacuolation and degranulation
are much improved.

No changes were recorded in the
number and diameter of the delta cells in
both control and Aloe vera treated
groups.

All other groups showed significant
decrease in the delta cells number as well
as diameter.

The morphometric changes in this study
were tabulated and statistically analysed in
tables ( 4-9 ) and Figures ( 4-9 ).
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(Table 1) Changes in the % of body weight gain in the different groups of the study

Treatment period

Ferula | Boswellia | Commiph
asaa- carterii ora
foetida Brdw myrrha

Nigella Aloe

Control | Diabetic | Mixture -
Sativa vera

Mean | 3599 | 9.42 | 33.78 | 23.52 | 37.39 | 55.72 | 40.72 40.04
SD 1.02 0.96 184 | 0.82 | 0.37 | 0.77 0.95 0.49

*% *% *% * *%

Body weight
change %

B *% *%* *% *% *% *%

(Table 2) Changes in the serum glucose level of the different groups of the study

Treatment period

Ferula | Boswellia
asaa- carterii
foetida Brdw

Nigella Aloe
Sativa vera

Commiph

Control | Diabetic | Mixture ora myrrha

o | Mean | 136.8 | 266.8 | 134.8 | 131.2 | 139.2 | 135.0 | 137.8 135.6
o

§ SD 0.86 0.41 0.37 199 | 0.75 | 0.32 0..58 0.51
[=]

IS *%

S

foy

w B *% *% *% *% *% *%

(Table 3) Changes in the serum insulin level in the different groups of the study

Treatment period

Ferula | Boswellia
asaa- carterii
foetida Brdw

Nigella Aloe
Sativa vera

Commiph

Control | Diabetic | Mixture
ora myrrha

< | Mean [ 41.60 [ 20.60 | 41.00 | 32.40 | 39.20 | 25.60 | 37.60 39.70
5 SD 151 1.81 122 | 144 | 1.32 | 1.57 151 1.60
g A *%* *%* *%*

T

2] B *%* *%* *% *% *%* *%*

A- In comparison to the control group
B- In comparison to the diabetic group
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(Table 4) Changes in the number of alpha cells in the different groups.

Treatment period
Nigella Aloe Ferula | Boswellia | Commiph
Control | Diabetic | Mixture g€ asaa- carterii ora

Sativa vera ]
foetida Brdw myrrha
Mean | 2.87 2.40 2.33 | 2.13 277 | 297 3.17 3.43
SD 0.15 0.44 0.43 0.39 | 051 | 0.54 0.58 0.63
P NS NS NS NS NS NS NS

(Table 5) Changes in the number of beta cells in the different groups.

Treatment period

Control | Diabetic | Mixture Nig?”a Aloe ';zgje:? Bcc:);:tv:rliliia Commiph
Sativa vera foetida Brdw ora myrrha
Mean | 32.60 | 10.87 | 26.07 | 27.80 | 34.10 | 25.83 | 26.87 28.20
SD 2.55 0.94 2.11 2.97 294 | 252 1.84 2.18
P P<o0.05 NS NS NS NS NS NS

(Table 6 ) Changes in the number of delta cells in the different groups.

Treatment period

. . . Nigella Aloe Ferula Boswel}_ia Commiph
Control | Diabetic | Mixture Sativa vera asaa- carterii ora mvrrha
foetida Brdw y
Mean | 3.50 3.60 | 2.64 2.73 3.17 2.80 3.83 2.73
SD 0.18 0.21 0.17 0.16 0.21 0.23 0.27 0.21
P NS P<o0.05 | P<0.05 NS P<o0.05 NS P<o0.05

275




Structural Chanages In The Pancreas Of.....

(Table 7) Changes in the diameter of alpha cells in the different groups.

Treatment period
Nigella Aloe Ferula | Boswellia | Commiph
Control | Diabetic | Mixture g€ asaa- carterii ora

Sativa vera :
foetida Brdw myrrha
Mean | 3.03 3.48 2.88 3.15 3.15 2.96 2.86 291
SD 0.11 0.14 0.10 0.17 0.13 0.13 0.14 0.12
P NS NS NS NS NS NS NS

(Table 8) Changes in the diameter of beta cells in the different groups.

Treatment period

. Ferula | Boswellia .
Control | Diabetic | Mixture ngt_alla Aloe asaa- carterii Commiph
Sativa vera foeti ora myrrha
oetida Brdw
Mean | 3.25 4.49 3.02 2.85 3.06 2.81 2.83 3.00
SD 0.15 0.14 0.19 0.18 0.19 0.17 0.17 0.12
P P<o0.05 NS NS NS NS NS NS

(Table 9) Changes in the diameter of delta cells in the different groups.

Treatment period

. Ferula Boswellia .
Control | Diabetic | Mixture N|g¢_alla Aloe asaa- carterii Commiph
Sativa vera foeti ora myrrha
oetida Brdw
Mean | 3.85 3.54 3.33 3.25 3.75 3.23 3.63 2.98
SD 0.11 0.11 0.18 0.12 0.09 0.13 0.12 0,12
P NS P<0.05 | P<0.05 NS P<o0.05 NS P<0.05
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Fig 1

Fig 2

Fig 3
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Changes in the % of body weight in the different
groups of the study

20

10

Control Diabetic Mixture Nigella Aloevera Ferulaasaa- Boswellia Commiphora
Sativa foetida  carterii Brdw  myrrha

Changes in the serum glucose level(mg/dl) in the
different groups of the study

250

200

100

504

Control Diabetic Mixture Nigella Aloeera Ferulaasaa- Boswellia Commiphora
Sativa foetida  carterii Brdw  myrrha

Changes in the serum insulin level in the different
groups of the study

35

25

15

10

Control Diabetic Mixture Nigella ~ Aloewera Ferulaasaa- Boswellia Commiphora
Sativa foetida  carterii Brdw  myrrha
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Changes in the number of alpha cells in the
different groups of the study

Changes in the daimeter of alpha cells in the
different groups of the study

35 35
3 3
25 25
2 2
15 15
1 1
05 05
Control  Diabetic ~ Mixure Nigella ~ Aloewera Ferulaasaa- Boswellia Commiphora Control  Diabetic ~ Mixure Nigella  Aloewera Ferulaasaa- Boswellia Commiphora
Sativa foetida ~ carterii Brdw  myrrha Sativa foetida ~carterii Brdw  myrrha
Fig. 4 Fig. 5
Changes in the number of beta cells in the Changes in the daimeter of beta cells in the
different groups of the study different groups of the study
35 45
4
30
35
2
3
20 25
15 2
15
10
1
5 05-
Control  Diabetic Mixture Nigella ~ Aloewera Ferulaasaa- Boswellia Commiphora Control  Diabetic Mixture Nigella ~ Aloewera Ferulaasaa- Boswellia Commiphora
Sativa foetida  carterii Brdw  myrrha Sativa. foetida  carterii Brdw myrrha
Fig. 6 Fig. 7
Changes in the number of delta cells in the Changes in the daimeter of delta cells in the
different groups of the study different groups of the study
4 4
35 35
3 3
25 25
2 2
15 15
1 1
05 05

Control ~ Diabetic Mixture Nigella ~ Aloewera Ferulaasaa- Boswellia Commiphora
Sativa. foetida  carterii Brdw myrrha

Control ~ Diabetic Mixture: Nigella ~ Aloewera Ferulaasaa- Boswellia Commiphora
Sativa. foetida  carterii Brdw myrrha

Fig. 8
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Fig. 10 Photomicrograph of control section in the Islet of
langerhans showing the different cellular elements.
(Hx.&E stain X 400)

Fig. 11 Photomicrograph of control section in the Islet of
langerhans showing the different cellular elements.
( Modified aldehyde fuchsin stain X 400)
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(Fig. 12) A photomicrograph if a section in the pancreas of a diabetic
rats showing degenerated cells in the islet of Langerhans.
(HX & E X 400).

Fig. 13 Photomicrograph in the Islet of langerhans of diabetic rats
showing the degenerative changes.
( Modified aldehyde fuchsin stain X 400)
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Fig.14 Section in the pancreas treated with the mixture
showing less cellular vacuolationn and more healthy beta
cells. ( Modified aldehyde fuchsin stain X 400)

Fig. 15 Section in the pancreas treated with Nigella Sative
showing healthy islet cells . ( Modified aldehyde fuchsin
stain X 400)

Fig. 16 Section in the pancreas treated with the Aloe
Vera showing no observable celluar changes. ( Modified
aldehyde fuchsin stain X 400)

Fig. 17 Section in the pancreas treated with Ferula assa foetida
showing less vacuolation and healthy beta cells.
( Modified aldehyde fuchsin stain X 400)

Fig. 18 Section in the pancreas treadted with Boswellia
carterii Birdw showing normal islet cells. ( Modified

aldehyde fuchsin stain X 400)

Fig. 19 Section | the pancreas treadted with Commiphora
myrrha showing normal islet cells. ( Modified aldehyde
fuchsin stain X 400)
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Fig.20 Section in the pancreas treated with the mixture
showing less cellular vacuolationn and more healthy beta
cells. (HX E stain X 400)

Fig. 21 Section in the pancreas treated with Nigella
Sative showing healthy islet cells .
(Hx.E stain X 400)

Fig. 22 Section in the pancreas treated with the Aloe Vera
showing no observable celluar changes .
(Hx.E stain X 400)

Fig. 23 Section in the pancreas treated with Ferula assa
foetida showing less vacuolation and healthy beta cells.
(Hx.E stain X 400)

al

Fig. 24 Section in the pancreas treadted with Boswellia
carterii Birdw showing normal islet cells.
(Hx.E stain X 400)

Fig. 25 Section | the pancreas treadted with
Commiphora myrrha showing normal islet cells
(Hx.E stain X 400)
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DISCUSSION

The diabetic patients need alternative
therapies to control all the pathological
aspects of diabetes and the high cost and
poor availability of current therapies in
developing  countries  (Marles and
Farnsworth, 1995).

The traditional antidiabetic plants might
provide this useful source of new oral
hypoglycemic compounds. So, this study is
a step to evaluate and follow up the effect
of some water extract of medicinal plants as
a hypoglycemic agent.

The present results, revealed loss in body
weight gain in diabetic rats when compared
with the control rats. This loss may be
explained by inhibition of synthesis of
DNA and RNA in the diabetic animals or it
is attributed to different side effects on the
ability to use carbohydrates including
lipolysis, glycogenolysis and acidosis. This
result is mainly due to destructions of B-
cells which lead to sudden drops of insulin
secretion (Abdel-Moneim et al., 1999a;
Ganong, 2003; Helal et al.,2003 and
Rawi et al., 1996).

Our data also, showed an increase in the
body weight gain in all treated groups when
compared with diabetic one. The mixture
may stimulate most aspects of carbohydrate
metabolism, including rapid uptake of
glucose by the cells, enhanced glycolysis,
enhanced gluconeogenesis, increased rate
of absorption from the gastrointestinal tract
and even increased insulin secretion with its
resultant secondary effects on carbohydrate
metabolism (Guyton and Hall, 2000).
Ferula assa-foetida, Boswellia carterii
Birdw and Commiphora myrrha treated
groups showed an increase in the body
weight gain when compared with control
group . This increase in the body weight
gain may be due to the pervious suggestion
in addition to the activities of these plants
in strengthening the gastrointestinal tract by
increasing both the rate of secretion of the
digestive juices and the motility of the
gastrointestinal tract (Guyton, and Hall,
2000), so they are taken for indigestion
(Chevallier, 1996 and Duke, 2002) .
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While, Nigella sativa treated group showed
a decrease in the body weight gain when
compared with control group. This
probably rise from its claim to result in
nutrient partitioning so that ingested
calories will be directed to muscle, rather
than fat and/or attempt to physically affect
gastric satiety by filling the stomach
(Heber, 2003). And possibly spring from its
anti water retention action (Duke, 2002). Or
may be attributed to increase plasma leptin
concentration which travels to the appetite
control center in the brain and tells it to "
stop eating " (Ebihara et al., 2001).

Severe hyperglycemia in diabetic rats
recorded in the present work can be
considered as a direct reflex to the marked
hypoinsulinemia caused by the selective
destructive cytotoxic effect of alloxan on
the  B-cells of the pancreas which has a
direct effect on their membrane
permeability by causing failure of ionic
pumps and increased cells size. It also
inhibits intracellular energy generation,
insulin  secretion and causes sudden
activation of quiescent cells for a high level
of protein synthesis and produced rapid and
massive beta cell death which leading to a
decrement in R-cells number (Majno and
Joris, 1999).

The destructive effect of alloxan on R-cells
may be also attributed to its ability to
inhibit enzymes of the tricarboxylic acid
cycle and Ca?* dependent dehydrogenases
in B-cell mitochondria, causing ATP
deficiency, cessation of insulin production
and cell necrosis (Shafrir, 2003).

The results of the present study also showed
B-cells with vacuolated cytoplasm in the
diabetic group. Vacuolation of the islet is
the most prominent lesion associated with
functional islet abnormality and
development of hyperglycemia (Bolaffi et
al., 1986 and Kessler et al.,1999). Also,
the vacuolation may be due to the
diabetogenic action of alloxan which
induced highly reactive oxygen radicals,
which are cytotoxic to p-cells (Fischer and
Homburger, 1980).
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According to Yamamoto et al. (1981) and
Ronald (1988) the fragmentation of nuclear
DNA of pancreatic B-cells seems to be
important for the development of diabetes
and supposed to be resulted from the
accumulation of superoxide or hydroxyl
radicals in the p-cells.

Marles et al. (1995) suggested that, the
hypoglycemic effect of some medicinal
plants could be attributed to factors other
than stimulation of insulin release only, e.g.
their effect on the number and /or affinity of
insulin receptors on target cells and the
post-receptors of these cells.

Abdel Moneim et al. (1999a) reported that
the hypoglycemic effect of Nigella sativa
may be attributed to an increase in the islet
numbers and to its effect on the time-course
of glucose resorption from the intestine.

On the other hand, the Nigella sativa treated
group showed insignificant change in beta
cells number and diameter as compared to
the normal group. This plant may have a
stimulatory effect on the division of p-cells
or may contain non-metabolizable 2-deoxy
and 3-O-methylglucoses, which share the
entry site block the diabetogenic action of

alloxan and restore insulin production
(Shafrir, 2003).
The significant  hypoglycemic  and

insulinotropic effect induced in diabetic rats
by such plants treatment may result from its
effect on the time course of glucose
resorption from the intestine. It also has an
effect on peripheral tissues and regeneration
of islet of Langerhans leading to lower
blood glucose level. The treatment with
Nigella sativa induced islet cells
regeneration with increased number of (-
cells (Abdel-Moneim et al., 1999 and EL-
Daly,1994).

On the other hand, all treated groups
recorded insignificant change in beta cells
number and diameter as compared to
normal group. These plants may have
stimulatory effect on the division of beta
cells to divided and /or contain nonm-
etabolizable 2-deoxy and 3-O-methylgl-
ucoses,which share the entry site block
The diabetogenic action of alloxan and
restore insulin production (Shafrir,2003).
Augusti and Sheela (1996) mentioned that
some plants exert their effect on beta cells
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through both protection of the already
present beta cells due to their antioxidant
effect and through stimulation of the beta
cells to release insulin. In the present study
it seems that the treated plants exert their
action on the diabetic pancreas or due to
close connection of admixture of islet cells,
acinar cells and ductal epithelium which
may resulted metaplastic change of acinar
cells and ductal cells into islet cells under
unknown stimulus (Hisoha and Horie,
1990).

In the present investigation, the treatment
of diabetic rats with mixture and Boswellia
carterii  Birdw caused a significant
hypoglycemic effect with a significant
increase in serum insulin level and
regenerated B-cells . In agreement with
these findings Al-Awadi et al. (1988)
reported that the mixture of (Nigella sativa,
Aloe vera, Commiphora myrrha, Gum
albunium and Ferula assa-foetida) is a
potent  hypoglycemic  agent The
antidiabetic action of these plants extract
may, at least partly, be mediated through
decreased hepatic gluconeogenesis (Al-
Awadi et al., 1991) . The decreasing of
blood glucose level by the mixture and
Boswellia carteii Birdw is secondary to
enhanced insulin secretion, decreased
insulin resistance and glycogen synthesis
activation. it seems to have a direct action
on insulin secretion through stimulation of
secretion of the Golgi complex (Bever and
Zahand, 1979) or it may stimulate insulin
secretion through the B-cell receptor and
possibly through a direct effect on
intracellular calcium transport (Campbell et
al., 1991) .

Conclusions: The water extract of the
mixture and each of the plants used
appeared to be useful agents in reducing the
hyperglycemia by increasing insulin level
and regenerating beta cells of the pancreas.
More studies on these plants must be done
with different doses and for different
periods before recommending their use.
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