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" ABSTRACT

Hypoglycemic effects of Anastatica hierochuntica and Cleome chrysantha
were studied in streptozotocin rats. Ether and methanolic extracts of both plants were
ingested into diabetic rats to evaluate their influences on energy metabolism and
cytochrome-c system in brain, liver and kidney. For energy metabolism, ATP reduced
but ADP and AMP levels were elevated at control of diabetic rats. In addition,
myokinase activity was stimulated at diabetic control. Ingestion of both plants ether
extracts insignificantly changed diabetes effect on (ATP, ADP, AMP) myokinase.
Ingestion of methanolic extract of 4Anastatica and Cleome elevated ATP levels but
ADP and AMP were reduced. Myokinase activity was inhibited of diabefic rats.
Digbetes reduced cytochrome< level but cytochrome-c-oxidase and succinate-c-
reductase activity was stimulated. Ingestion of both plants ether extracts was
insignificantly changed the diabetes effects on cytochrome-c system. Both plants
methanolic extracts had antagonistic effects on diabetes influences. For that,
cytochrome-c respiratory system was improved nearly normal control.

Keywords: Anastatica hierochuntica, Cleome chrysantha, diabetes, ATP, ADP,
AMP, myckinase, cytochrome-c-oxidase, succinate-c-reductase.
Abbreviations: ATP: Adenosine-5-tfiphosphate; ADP: Adenosine-5-diphosphate;

AMP: Adenosine mono phesphate; STZ; streptozotocin.

INTRODUCTION

The diabetes is a heterogeneous primary of carbohydrate metabolism with
multiple etiologic factors that generally involves absolute or relative insulin
deficiency, insulin resistance or the both. All canses of diabetes ultimately lead to
hyperglycemia, which is the half mark of this disease (Foster, 1991 and Olefsky,
1992). It is usually accompanied with glycosurea and disturbance of animal
metabolism in particular the energy and cytochrome systems (Murray ef al., 2006).
The expenditure of energy in body is required for maintenance of ionic gradients
across membranes, locomotion, synthesis of molecules, sccretory processes,
detoxification and heat generation. The central driving force which is the basis of all
energy requiring biological processes is high energy phosphate in the form of ATP
which can be generated by the oxidation of carbohydrate, fat and protein. These
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sources of energy can be oxidized at different rates and in different proportions to
each other, depending on the body's demand for energy and on the availability of
these energy fuels to the body. The reiationship between energy and cytochromec
systems has been proved for many years (Elliott and Elliott, 2001). In diabetic
animals, insulin secretion is probably backing to meet the different metabolic
pathways.

Several natural medicinal agents, through of limited natural distribation have
been used for the treatment of diabetes mellitus in amounts limited by tradition and
personal taste, In general, no serious effects have been associated with this treatinent,
but it would be irrational to grant these materials exemption from modern safety
testing when administrated to animals in a manner which produces any conscious
control over their use by the consumer.

: Anastatica hierochuntica and Cleome chrysantha which are grown wild in
the Halal North Sinai are popularly known for its berrier to exhibit a variety of
pharmacodynamic effects: diuretic, carminative, antiseptic and abortive among others
{Gowenlock et af., 1988 and Abdel-Rahim ef al, 1992). The plants ingestion into
normal rats showed insignificant hypoglycemic effect in non-glycemic rats (El-Ridi,
2001 and Abdel-Rahim ef af., 1992). Although several investigations were done on
for treating diabetes amongst, Abdel-Rahim et al, (2005) found that Anastatica
hierochuntica and Cleome chrysantha appear to have blood sugar lowering effect by
improvement the carbohydrate metabolism which disturbed by diabetes in
streptozotocin (STZ) diabetic rats. In the same manner, Rahmy and El-Ridi (2002)
pointed out that Anastatica hierochuntica administration to STZ-diabetic rats also
showed hypoglycemic effects.

The present work aims to evaluate the influence of Anastatica hierochuntica
and Cleome chrysantha ingestion on energy system i.e. ATP, ADP and AMP (energy
metabolites) content and myokinase activity as well as respiratory system
(cytochromec content and the activity of cytochrome-c-oxidase amd succinate-
cytochrome-c-reductase) in brain, liver and kidneys tissues of STZ~diabetic mal adult
albino rats.

MATERIAL AND METHODS

Anastatica hierochuntica and Cleome chrysantha as hypoglycemic agents
were extracted by successive extracts using ether and methanol respectively. Each
fraction was concentrated under vacuum using a rotary evaporator at 40°C and stored
at -20°C until used. All the fractions were suspended at different concentration of
water or cotton seed oil before oral ingestion into the diabetic rats by daily doses of
150 mg/kg body weight for 6 weeks of each plant extracts.

A total of 36 adult male albino rats of Wister strain (threc months old and
weight average of 150 g) were kept separately in well acrated cages under hygienic
condition. Rats were maintained with free access to water and a standard diet
consisting of casein 15 %, cotton seed oil 10 %, salt mixture 4 %, vitamins mixture 1
% and starch 65 % (Lane-Petter and Pearson, 1971) for two weeks (adaptation
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period). Diet and water were supplied ad Libitum. To induce diabetes, 30 rats were
injected with a single dose of streptozotocin (60 mgkg body weight) given
intraperitonealty (i. p.) to rats according to the method described by Adeghate ef ol.
(2001). Blood samples were withdrawn from orbital venous plexuses and blood
glucose was determined. The diabetic rats were then randomly assigned and divided
into 5 groups each of 6 rats and fed on the hasal diet.

Theﬁrstgmupéé normal rats without injection of streptozotocin) was used
as normal control. The 2™ group (6 of diabetic rats) was used as diabetic control, The
3™ group (6 of diabetic rats) was ingested daily with a dose of 150mg/kg body weight
of cther extract of Anastatica hierochuntica. The 4™ group (6 of diabetic rats) was
ingested with 150mg/kg body weight of methanolic extract of Anastatica
hierochuntica. The 5™ group (6 of diabetic rats) was ingested with 150mg/kg body
weight of ether extract of doum (Cleome chrysantha). The 6® group (6 of diabetic
rats) was ingested with 150mg/kg body weight of methanolic extract of Cleome
chrysantha. All the 6 groups animal were fed on the basal diet for 6 weeks
(experimental period). Then all rats were killed by decapitation. Blood, brain, liver
and kidneys of the experimental animals were removed and chilled up for analysis.

Enzymatic determination of rats plasma glucose was carried out according
to Trinder method (1969). Determination of adenoins-S-triphosphate (ATP),
adenosine-5-diphosphate (ADP) and adenosine-5-monophosphate (AMP) contents as
well as the activity of myokinase in brain, liver and kidneys tissues were done as
described by Bergmeyer {1974). The organs tissue mitochondria were isolated and
purified then emulsified with 1% triton x-100 (3 ml) at 0°C for 30 min. The enzymes
and metabolites of mitochondria were liberated and assayed (Wattianx and de-Duve,
1956 and Astawrov, 1974). Cytochrome-c content of mitochondria was determined
spectrophotometrically according to the method of Williams and Thorp (1969).
Cytochrome-c-oxidase activity of spectrophotometrically according to Smith (1955)
and succinate cytochrome-c-reductase activity of mitochondria was assayed
spectrophotometrically as described by King (1963). Total soluble protein was

- -determined as Lowary method (1951). Statistical analysis of the all biochemical

analysis results were done by t-test (p < 0.035) according to Sendecor and Cochran
{1967).

RESULTS AND DISCUSSION

It is well known that oxidative stress plays a major role in the etiology of
diabetic complication and development of diabetes. ATP, ADP and AMP levels and
the myokinase activity as affected by diabetes and the present hypoglycemic agents
treatments of wild plant traditionally used in Egyptian folk medicine against diabetes
(Anastatica hierochuntica and Cleome chrysantha) in liver, brain and kidneys tissues
of male albino rats were determined and the results are given in table (1-2). The ATP
levels were significantly elevated in the present study treatments of plants relative to
diabetic control, these elevations due to ingestion of the both plant extracts into
diabetic rats. The increased levels by ingestion of methanolic extracts of both plants
were higher and significant than that recorded for the ether extracts which was
significant alteration. The highest value of ATP was recorded for liver and brain
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tissues. Kidneys tissue had the lowest value of the three organs tissues. In addition, the
methanolic extract of Anastatica hierochuntica was more cffective than that of
Cleome chrysantha in the same conditions of diabetes. In connection, both ADP and
AMP levels of the three organs tissues were reduced in contrary to ATP levels under
the same effects of treatments in diabetic rats. The reductions of ADP levels was
observed for methanolic extracts treated diabetic rats and was approximately similar
to that of AMP levels relative to diabetic control. The high and significant influences
of methanolic extract the both plants may be due to that extracts was rich in
polyphenols which associated with increased with resistance of plasma constituents to
oxidation and with an increase in plasma antioxidant capacity (Utsunomiya ef al.,
2005). The improved values of energy metabolites were still lower than that of normal
control for ATP but still higher than that of normat control for ADP and AMP levels
of brain, liver and kidneys tissues. The present results of energy metabolites (ATP,
ADP and AMP) may be to cither the high rate of ATP synthesis or the energy
liberation during the metabolic processes through trapping phosphate with AMP and
ADP (Muitay et al, 2006), these findings were in parallel with these of the
carbohydrate metabolism (previous study) (Abdel-Rahim et af., 2005) and respiratory
system (in the present study). They found that alcoholic extracts of the both plants
(rich in polyphenols) ingestion stimulated glycolytic processes in diabetic rats. These
were not obscrved under the treatments of ether extracts ingestion (rich in lipid
fractions). The obtained results led to the suggestion that at amy circumstance
associated with diminished availability of the prime dietary source of energy, namely
carbohydrate, would accentuate the utilization of fatty acid for this purpose. In this
respect, the stimulation of glycolytic metabolism and respiratory systems led to the
accumulation of ATP that is rapidly utilized in protein biosynthesis processes by
stimmlation of adenylated cyclease activity to form cAMP (Elliott and Eiliost, 2001).

Results showed stimulation in myokinase activity of brain, liver and kidneys
tissues of diabetic rats (table 2). The ingestion of the present plants extract (ether and
methanol) inhibited the activity relative to diabetic control. The inhibition of
myokinase activity by ether extracts was low and insignificant, but that for methanolic
extracts was high and significant. Generally, the increase in ATP contents due to the
methanolic extracts ingestion into diabetic rats was mainly attributed to the influence
of these rich polyphenol nutrients on the respiratory system (results of the present

study).

The maintenance of organs tissue is likely accomplished through stimulation
the glycolytic processes. The inhibition of myokinase activity in diabetic rats induced
by methanolic extracts of the both plants may be due to ample ATP (Murry ef al.,
2006). Myokinase catalyzed as the following reaction :

2ADP — —  » ATP+AMP

The reaction was stimulated afier the complete utilization of ATP. Also, the
amount of AMP might be due to the cyclic AMP which was formed from ATP to
catalyze the adenylate cyclase reaction as follows:

ATP - » CAMP + pyrophosphate



Treatment

Table (1); Plant exiracts influences on the ene

{lmol/p tissue)

metabolites in albino rats or
- ~ ADP
Llmol/g tissue)

ans tissues:

(Jllmol/g tissue)

Brain

Liver

Liver

Kidneys

Brain

Liver

Value
+ SD ¥

Value
= 8D

%

Value
+ SD

Yo

Value |
+ 5D %

Value
+ SD

%

Value

L)
+ 8D %

Normal
control

7.60
% 100
0.20

11.01
+
0.50

100

0.17
+

0.011

100

0.16
+ 100
0.009

031
+

0.014

- 100

(.69
+ i00
0.031

Diabetic
control

4.00
E

6.70
+
0.34*

0.21
£

0.013*

0.20
+

0.010*

041
+

0.020*

0.76
*

0.016*

Ether
extract of
Anastatica

6.66
=
0.32%

0.20
+

0.012+

0.21
+
0.011*

0.40
*
0.019*

0.76
*

0.020*

Methanol
extract of
Anastatica

9.00
+
0.47*

0.17
+

0.012

0.16
*
0.008

034
+
0.017

0.72
+

0.016

Ether
extract of
Cleome

6.71
+

0.34*

0.21
+
0.013*

0.1
+

0.010*

041
+
0.020*

0.77
+

0.018*

Methanol
extract of
Cleome

8.80
+

041*

% Relative to normal control
* Values are significantly different with normal control P < (.05
- Each value represents the mean of 6 rats (Mean + SD)

0.17
+

0.011 0.007

0.16
+

036
+

0014 |

0.70
ES
0.017

~noypisouy Ag panosduy suarsis L31auy sonaqoiq

144



ans tissues:

ol ADP/mg protein) ol ADPfmg protein
Liver Kidneys Liver
Value N Value ° Value o
+SD Yo +SD % £SD + SD v
0.34 0.26 0.44 0.21
control + + 100 - + 100 + 100
° . 0.016 0014 0.025 0.012

Diabetic , 0.41 0.29 0.53 0.31

control L * ‘ * * *

! _0.019* 0.017* : 0.023* 0.015*

| Ether extract . 0.40 0.30 0.53 030

+

0.022* 0.020*

0.27 0.48 0.24
+ £ . +

0.012 0.025 0.012
Ether extract ) 041 0.28 0.52 031

of Cleome - * ' * * *

0.020* 0.015* 0.026* 0.012*
Methanol 0.28 0.50 0.28
extract of . A

Kidneys
% Value

. . E K + +
of Anastatica

0.018* 0.013*
Methanol . 0.37

extract of . +
Anastatica | 0018

* Values are significantly different with normal control P < 0.05
- Each value represents the mean of 6 rats (Mean + SD).

yirt

2002 ‘(ISP 104 “oyonysop ‘9§ U8y JO sppuuy



Diabetics Energy Systems Improved By Anastatica..... 1425

The extent of coupling oxidation to phosphorylation, evident in
mitochondria provided a2 means by which the role of oxidation of foodstufs by
respiratory oxygen was regulated by high requirement of the cell for useful energy.
The utilization of ATP to drive the energy requiring processes of the cell
antomatically increased the available supply of ADP and inorganic phosphate, which
in turn became available to react in the coupling mechanism and permitted respiration
to proceed (Chatterjea and Shinde, 2002). At the effect of methanolic extracts of the
plants ingestion, the oxidative phosphorylation was stimulated due to the respiratory
oxygen and inorganic phosphate that was increased by stimulation of phosphatases
activity under the same conditions these were paralleled with the increase of ATP
formation (Abdel-Rahim et al., 2005),

In case of respiratory system of cytochrome-c which connected with
respiratory system of mitochondria and its enzymes which considered one of
important markers of mitochondrial biosynthesis and turnover (Murry et al., 2006).
Table (3) observed the results of cytochrome-¢ contents and the activities of
cytochrome-c-oxidase and succinate-Cytochrome-c-reductase in  mitochondrial
fractions of brain, liver and kidneys tissues. The levels of cytochrome-c of three
organs tissues were reduced relative to normal control in diabetic rats. These values
were returned to about normal level by ingestion of the both plants methanolic
extracts, but stll lower than those of normal control. These were not cbserved by
treatments of plants cther extracts. Table (3) also, showed the activity of oxidative
enzymes related to cytochrome-c in mitochondria. From these data, the diabetes
simulated the activities of mitochondrial cytochromec-oxidase. The present
stimulated values were returned to about that of normal control animals by the
ingestion of methanolic extracts of the both medicinal plants but not by their ether
extracts. Ether extracts ingestion the present plants slightly but insignificant inhibited
the enzyme activity of diabetic rats, The same trend was observed in case of
succinate-cytochrome-c-reductase activity, but the effects of diabetes on the activity
of succinate- cytochrome-c-reductase were more than that on cytochrome-c-oxidase.
The activity values of the both enzyme were still more than that of the normal control
in diabetic rats treated by the both extracts cither of Anastatica hierochuntica or of
Cleome chrysantha.” The present finding suggested that diabetes damaged
cytochrome-c in mitochondria, which is synthesized in extra-membrane of
mitochondria and can be used as an important maker to evaluate the inner membrane
of mitochondrial turnover (Murry et af., 2006).

The results conciuded that diabetes caunsed a damage in mitochondria
structure, however the influcnces of methanolic extracts on diabetes was as
antagonistic agent {(antioxidant). In addition, the stimulaticn of cytochrome-c-oxidase
and succinate-cytochrome-c-reductase activities of diabetic animals may be due to not
only elevation of respiratory system activity but also stimulation in the oxidative
enzymes activity which used succinate and cytochrome~c as metabolites. The present
results are in agreement with that reported by Utsunomiya et al, (2005) and Ismail er
al. (2007) and, they found that the polyphenol extracts (by methanol) reduced the
toxic and stress of diabetes on mitochondrial respiratory system.



Table (3): Plant extracts influences on cytochrome-c respiratory system in albino rats organs tissues:
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In addition, the previous study (Abdel-Rahim ef af., 2005) found that the
oxido-reductase enzymes could enhance the metabolites oxidations such as pyruvate
and succinate in which via cytochrome-c mechanism. overcome the initial lack of
oxygen and provided the animal with energy requirement. This stimulation in the
animal tissues could be due to the physiological status of animals (Yin et al., 2006).
On the other hands, Utsunomiya et @f. (2005) and Ismail ef af. (2007) added that the
polyphenol extracts increased plasma adiponictin content, these observation suggest
that improvement of insulin sensitivity with polyphenoi extracts may be mediated
partly through increased adiponictin.
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