4

g 2’ ) = a 4 [ g’ %
i]T]‘ﬁaWL!W]TQGlulﬁ@ﬂﬂllﬁ"lﬂ?ﬁl‘lJuLUWﬁUWHLLa%E}ﬂ‘ﬁﬁWHﬂﬁquﬂﬂl@ﬁﬁ?iﬁﬂﬂﬁ?ﬂﬂﬁﬂﬂﬂWﬂmﬂ

4
a

118 ¥gAND aNFY

4
a

a a s ] == = [ a a =Y
ninus i uaurieInMsAnynangasls g memaasquiaia
AMNNFNFAY  NIAIFIFUAY

[ 4 4 a [
AULNTBATAT  JWIAINTANIINGIAY

AUmsdam 2550

= 4

AUANTUIPHIAININUNIINGAY



HYPOGLYCEMIC EFFECT IN DIABETIC RATS AND ANTIMICROBIAL ACTIVITY OF
MALVASTRUM COROMANDELIANUM GARCKE AQUEOUS EXTRACT

Mr.Chaiyasit Sittiwet

A Dissertation Submitted in Partial Fulfillment of the Requirements
for the Degree of Doctor of Philosophy Program in Biomedicinal Chemistry
Department of Biochemistry
Faculty of Pharmaceutical Sciences
Chulalongkorn University
Academic year 2007
Copyright of Chulalongkorn University



Thesis Title HYPOGLYCEMIC EFFECT IN DIABETIC RATS AND

ANTIMICROBIAL ACTIVITY OF MALVASTRUM
COROMANDELIANUM GARCKE AQUEOUS EXTRACT

By Mr.Chaiyasit Sittiwet
Field of study Biomedicinal Chemistry
Thesis Advisor Associate Professor Sunanta Pongsamart, Ph.D.

Thesis Co-Advisor  Associate Professor Sukanya Jesadanont, Ph.D.

Accepted by the Faculty of Pharmaceutical Sciences, Chulalongkom

University in Partial Fulfillment of the Requirements for the Doctoral Degree

...... pepra B N . w.Dean of Faculty of Pharmaceutical Sciences
(Associate Professor Pornpen Pramyothin, Ph.D.)

THESIS COMMITTEE

MU%[(fChamnan

(Assistant Professor Niyada Kiatying-Angsulee, Ph.D))

(Associate Professor Sunanta Pongsamart, Ph.D.)

(Associate Professor Sukanya Jesadanont, Ph.D.)

vevreee.n..Thesis Co-advisor

(Associate Professor Vimalmas Lipipun, Ph.D:)

(AssociatéProfessor Pifitip Pongpech, Ph.D.)

(Assistafnt Professor Somlak Poungshompoo, D.V.M., M.Sc.)

N 2
}%‘Mfu ,ﬁ.{#ﬁf s

(Associate Professor Prasan Dhumma-Upakomn, Ph.D.)



iv

Fuiing dndy : gniamihmalu@eanyyidunnmuuezgnifueiunid

-mqmmﬁ'ﬂﬁwﬂ'mnn'miﬂ (HYPOGLYCEMIC EFFECT IN DIABETIC
RATS AND ANTIMICROBIAL ACTIVITY OF MALVASTRUM
COROMANDELIANUM GARCKE AQUEOUS EXTRACT)

- - o v a o
o/l sras. it nadansn, eflSneisau: seasqiga e

daumi 94 wal,

nafnunmas g aasziuni iR anveamniadamiwinamen (Matvastrum
coromandelianum Garcke) (MEYUmymaiiug Wista Flenh WiRremaumTay Sucplozotocin (STZ),
qﬂfnﬂﬁ'mn'luLﬁnmmmnﬁﬁnim'lfmnmuﬁn'lmiqﬂtni 1a83% glucose tolerance test WuBIMIIAAATUNN
wni iAe 5, 10, uaz20 Sadnfuniwnings 1 Alanfu i ass mursosassdniealufon ataiidfodfignia
AR (<0.05) Tan1 30 Wi u‘mnEw;ﬂwﬁunriumuftﬁaﬂnu{me"ru wasnnflaumsazawnglng vum 1
nfuninninga | flondil niadien ME g vun. 10, 50 4ae 100 Sinaniuninninga | filondu | Ais
'lmn,{\‘filﬂum'm'rm'lurrmur."lﬂuinnmur WAl ME 9379 50 Ling 100 BnAnduninnind 1 Alandu munsoan
::ﬁuﬁ"umn'lmﬂnﬁ'lﬁnd'tﬂﬁ'uﬁ"lﬁtgmaﬂﬂiﬂﬁm'nﬂnu 1 $aTus nazdmnmsnassdunhmaludenlfuds
6 ¥21ua un:ﬂqnfmmm.‘Tmm1ni’tﬁmﬁilnuﬁﬂﬁuqﬁu s uAinin®a 1 Alandu nisMmsana ME Tumy
Wi havig 50, 100 waz 500 Safniualnaings | 7landy fuas 1 a3 Wioudeuiunduiesuniusg s
[Uninmind | flandy un:miunwﬂumﬁmzfutﬂm'rm 30 T wuihnguveamgummi 1dFumania Me
navun Dszdnbmnhudenaanseduiividgmeada Tl 15 wae 30 denSoufoufunguaiugu &
gt BBy 5 wakidngs | Alandusedu uazfleu ME 50, waz 500 fiadndy Aevi miinda |
Alonin Aoy owmronnszay nsndme lialu@ealidui 30 ileduiumymenesnguiitewiniu
uunnm’?ﬁqHuim"|'J'immaﬂnmmna:nn'lw‘n‘unnm‘luﬂqmjuﬂ'iﬁfmrmrﬁ’n 50, 100 uae 500 adniude
vinninga 1 Alandu Ao fBuisat 30 fu wedInewesisdngudis Luny hidaseoTsatusfuasauluves
dafnanes  muAnumatesmstuisnsgadung Inarmusiad12dn e naceuusnmo lanlda dd@nndy
Fumuh ME hifiwadensgadung Inarumisi 1didn venvintumsAnnamuduivudomiu g
waasaln@laoims ME Tunan 100 findndu, 10 ndn oz 20 niu sevininga 1 Alandu hiwuiiRanam
fuReumdi iR § ) demsAnsenuidliisnsfouduile Waeesiuag 1 afaiu 30 Tu nuh s
Wersada 100 Gadndy, 10 iy uaz 20 iy amitminga 1 Alanfu o Tulumylnd ldRannudufiv
usnnnfimsnaseugnidiugdunidvaamsadadaninmotane  Stphylococcus aureus ATCC 25023,
Escherichia. eoli ATCC 25923, Enteracoccis . faecalis ATCC 29212, and Psewdomonas cerugingsa ATCC 27853 'I.f'l-l
MU aRRTIIREUE IRIeMIE S, aurews ATCC 25923 onameuTnoldss Agar dise diffusion npzdawu
VI MSSA 110z MRSA i 1¥nameusimiamn 15 g lundnzndy ME munsoduiald 6 i s
azngu uneminaAneuTaul¥iT Broth macrodilution method (HBMIA MICs 110E MBCs Y09 ME A8 MSSA WU

BYj¥24 20-40 Uadniuseliadfnsuay 40-80 Dadnfudeiiaffasuns M MICs uas MBCs 183 ME A MRSA By

1uv24 20-40 HadniuAeiindaninas 40-80 HoAnIvAe JannRT

= = - A e
AN, ... UL e eerereeenne e awiln¥eldn. 1=




## 4576954933 : MAJOR BIOMEDICINAL CHEMISTRY

KEY WORD: MALVASTRUM COROMANDELIANUM / HYPOGLYCEMIC

ACTIVITY / DIABETES MELLITUS / ANTIMICROBIAL / PLANT EXTRACT
CHAIYASIT SITTIWET : HYPOGLYCEMIC EFFECT IN DIABETIC
RATS AND ANTIMICROBIAL ACTIVITY OF MALVASTRUM
COROMANDELIANUM GARCKE AQUEOUS EXTRACT.
THESIS ADVISOR : ASSOC. PROF. SUNANTA PONGSAMART, Ph.D.,
THESIS COADVISOR : ASSOC. PROF. SUKANY A JESADANONT, Ph.D.
94 pp.

Hypoglycemic effect of Malvastrum caromandelianum Garcke extract (ME), in normal
and streptozotocin (STZ)-induced diabetic male Wistar rats was demonstrated. For glucose
tolerance test in normal rats, ME fed at doses §, 10, and 20 mg/kg body weight significantly
decreased blood glucose concentration at 30 min after feeding 1 g/kg body weight glucose.
Feeding ME in non-fasted, diabetic rats at single doses of 10, 50 or 100 mg/kg body weight
showed that ME at doses 50 and 100 mg/kg body weight significantly decreased blood glucose
concentration at | hr and lasted through 6 hr to a level comparable to that of insulin injection,
i.p., 5 IU/ kg body weightor of nommal rats. Repeated-doses of ME were given orally 1o STZ-
induced diabetic rats at 50, 100 and 500 mg/kg body weight/day or insulin injection at 5 [Ukg
body weight/day or contrel diabetic group fed distilled water, for 30 days. ME fed daily in
diabetic rats significantly decreased fasting blood glucose concentration observed on day 15 and
30 compared with diabetie rals treated with waler in control group. In diabetic rat treated with
mnsulin 5 [U/kg body weight/d,, i.p. or 50 mg ME'kg body weight and 500 mg MEkg body
weight/day, p.o., showed significant decreased fasting plasma triglyceride level after treatment
for 30 days. Fasting plasma chalesterol also decreased after daily treatment for 30 days of 50,
100 and 500 mg ME/kg. Histopathological examination did not show any abnormalities of the
collected organs that could be attributed to toxicity of the extract either in normal rats or diabetic
rats for such repeated doses, In vitro study indicated that ME showed no inhibitory effect on
glucose absorption using everted rat’s intestinal sac model. In acute toxicity test, feeding single
doses of 100 mg, 10 and 20 g of ME/Kg body weight in normal rats showed similar profile in
biochemical and hematological analysis of blood in treated and control groups on day 5. In
subacute toxicity test, daily feeding of 100 mg, 10 g and 20 g of ME/kg body weight for 30 day
in normal rats showed similar profile in biochemical and hematological analysis. ME was tested
against Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922, Enterococcus
JSaecalis ATCC 29212 and Pseudomonas aeruginosa ATCC 27853, the result showed inhibition
zone against only S awreus ATCC 25923 by using agar diffusion method. ME gave inhibition
Zzone against 6 oul of 15 tests strains of each group of MSSA and MRSA. The broth
macrodilution-test showed that MICs and MBCs of ME against MSSA were 20 — 40 and 40-80
mg/ml, respectively. MICs and MBCs of ME against MRSA were 20 — 40 and 40 — 80 mg/ml
respectively.,
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CHAPTER

GENERAL BACKGROUND

Introduction

The global prevalence of diabetes in the year 2000 (as used in the World
Health Organization [WHO] Global Burden of Disease Study) and projections for
2030 has been reported. The estimates are based on demographic changes alone with
the conservative assumption that other risk factor levels such as obesity and physical
activity remain constant (in developed countries) or are accounted for by urbanization
(in less developed countries). The prevalence of diabetes for all age-groups
worldwide was estimated to be 2.8% in 2000 and 4.4% in 2030. The total number of
people with diabetes is projected to rise from 171 million in 2000 to 366 million in
2030. The prevalence of diabetes is higher in men than woman, but there are more
women with diabetes than men. The urban population in developing countries is
projected to double between 2000 and 2030. The most important demographic
change to diabetes prevalence across the world appears to be the increase in the
proportion of people >65 years of age (Wild et. al, 2004). Diabetic prevalence is also
parallel with obesity prevalence although this study has reported that the obesity
prevalence remains stable until 2030 (Wild et. al, 2004).

Diabetes is likely to be an important determinant of the vascular disease
burden in countries such as Thailand where coronary heart disease has been the
leading cause of death for over decade (Aekplakorn, et.al, 2003).. The estimated
national ‘prevalence of diabetes in Thai adults was 9.6% (2.4 million people), which
included 4.8% previously diagnosed and 4.8% newly diagnosed. The prevalence of
impaired fasting glucose was 5.4% (1.4 million people). Diagnosed diabetes,
undiagnosed diabetes, and impaired fasting glucose were associated with greater age,
body mass index (BMI), Waist-to-hip ratio, systolic blood pressure, total cholesterol,
and serum creatinine levels. The majority of individuals with diagnosed diabetes had

received dietary or other behavioral advice, and 82% were taking oral hypoglycemic



therapy. Blood pressure — lowering therapy was provided to 67% of diagnosed
diabetes patients with concomitant hypertension (Aekplakorn, ef al. 2003).

Plants based drugs have been used against various diseases since time
memorial. The primitive man used herbs as therapeutic agents and medicament,
which they were able to procure easily. The nature has provided abundant plant
wealth for all living creatures, which posses medicinal virtues. The essential values
of some plants have long been published but a large number of them remain
unexplored as yet. So there is a necessity to explore their uses and to conduct
pharmacognostic and pharmacological studies to ascertain their therapeutic properties.

Despite considerable progress in the management of diabetes mellitus by
conventional synthetic drugs, the search for natural anti-diabetic plant products for
controlling diabetes is going on. Approximately 343 plants of the world have been
tested for the blood glucose lowering effect in the laboratory experiments. Of these
plants 158 are claimed to be used in the ayurved (Ahmad, et.al., 2007)

Malvastrum coromandelianum Garcke 1s a member of family Malvaceae, has

been traditionally used as hypoglycemic herb  (gl325501 e, 2534, q¥9 1IN

WuT, 2544, Andrade-Cetto and Heinrich, 2005), and for its antipyretic activity,
including affecting smooth muscle activity (relaxant effect) and ulcero-protective

activity (Dahanukar, ef al., 2000). Rattanajarasroj, et al. have reported that the dried

powder of water extract showed hypoglycemic activity only in crude water extract but
not in separated fractions with chloroform or ethanol. It was also showed that crude
drug at dose of 0.2, 2 and 20 g/kg body weight/day given orally to alloxan induce
diabetic rabbit showed no toxicity of the extract (Attawish, 1998). Due to the conflict
results, hypoglycemic activity of M. coromandelianum still needs more investigation
which would supply the scientific data for its herbal use. This study also includes in

vitro anti-microbial test and toxicity of the plant water extract.

Literatures review

1. Diabetes mellitus
Diabetes mellitus (DM) is a metabolic disorder characterized by disturbance in
carbohydrate, lipid and protein metabolism. These metabolic derangement results

from a combination of insulin deficiency and/or insulin resistance and lead to a



variety of acute and chronic complications. Type 1 diabetes is characterized by an
immune — mediated, selective destruction of insulin secreting 3 - cell. Individuals
with Type 1 diabetes therefore require regular insulin injections to control blood sugar
levels. The hypoglycemia that is associated with type 2 diabetes results from both an
impaired insulin secretary response to glucose and decreased insulin effectiveness

(insulin resistance) (Berkow, 1992).

1.1 The foot in diabetes mellitus

Diabetes is the commonest cause of amputation of the foot in civilian
life. A background to such a foot management program, the physician needs to
understand the pathology and sequence of events that commonly lead to amputation.
There are five factors in such a sequence: vascular, neuropathic, mechanical,
infective and metabolic. The common sequence of events:

1. The diabetic may have a reduced peripheral needed to combat gross
infection.

2. The patient has diminished sensation — not total anesthesia, but a
change threshold of perception of pain and pressure.

3. He or she the suffers a break in the skin from external mechanical
force, often associated with improper footwear.

4. In the absence of pain, the patient continues to walk on this open
wound, pressing on the infected tissues and spreading the infection
until it becomes a gross cellitis and osteomyelitis.

5. Now feeling ill, and with pus in his shoe, the patient goes to a surgeon
or to an emergency room. = The surgeon finds that he is a diabetic,
checks his glucose level, and finds him out of control (perhaps due to
the infection). He assumes that such a foot in a danger to the limb or
even to the life of the patient, and amputates below: or above the knee
it is stage 3 and 4 that early intervention can often prevent the need for
amputation and restore the patient to a normal life (Brand, 1981).

1.2 Methicilllin-resistant Staphylococcus aureus (MRSA) in diabetic

foot infection
In 2004, Memmel, H., has reported that common organisms in diabetic

burn infections were Streptococcus pyogenes, Proteus mirabilis, Pseudomonas



aeruginosa, Candida albicans and MRSA. Peripheral neuropathy may have
precipitated and delayed medical treatment in lower-extremely burns of diabetic
patients. Hospitalized diabetic burn patients were also at an increased risk for
nosocomial infections, which prolonged hospitalization (Memmel, 2004). Due to the
report of diabetic bacterial infection, most pathogens are susceptible strains except
MRSA which was known as drug resistant bacterial strain. This quite reasonable for

people to concern about MRSA treatment in people with diabetic.

2. Animal models in type 1 diabetes mellitus study

It is important selecting animal model used in researches which intend to
reflect the human symptoms or diseases. The selection of species of animal depends
on several factors such as cost and the size of animal. The smaller the animal is, the
more manageable and cheaper is the experiment. Previously, surgical method to
remove pancreas was used to make animal diabetes mellitus.

Recently, the substances with diabetogenic effect have been used.
Hypoglycemia inducing agent such as streptozotocin and alloxan was used as non-
surgical diabetes mellitus method. Type 1 diabetes mellitus in humans is
characterized by specific destruction of the pancreatic B cells, commonly associated
with immune-mediated damage.

2.1 Chemical induced diabetes mellitus in animal model

There are many kinds of substance used to induce diabetes mellitus in
animal model such as alloxan, streptozotocin, vacor, dithizone, 8-hydroxyquinolone
(Ree and Alcolado, 2005). Alloxan (2,4,5,6,-tetraoxypyrimidine; 5,6-dioxyuracil)
was used to cause a specific necrosis of pancreatic islets (Szkudelski, 2001). Its
mechanism has been intensively studied. Superoxide radicals are generated after cell
uptake of alloxan and converted to dialuric acid. The target of reactive oxygen
species is DNA of pancreatic islets cell. Reactive oxygen species cause the DNA
fragmentation. This was concluded that alloxan causes B cell necrosis (Szkudelski,
2001). Streptozotocin (STZ, 2-deoxy-2-(3-(methyl-3-nitrosoureido)-D-
glucopyranose) is a toxin which synthesized by Streptomycetes achromogenes. STZ
was uptaken by pancreatic  cells via glucose transporter GLUT2. It was found that

the main reason of STZ-induced B cell death is alkylation of DNA (Szkudelski, 2001).



2.2 Non-obese diabetic (NOD) mouse and Bio breeding (BB) rats

Non-obese diabetic (NOD) mouse and bio breeding (BB) rats develops
an autoimmune, insulin dependent diabetic.  Several genes contribute to the
development of diabetes in BB rats. The iddm loci that have been identified, the
homozygosity mutation of iddm1 luci leads to 5-10 fold reduction of peripheral CD4",
TcRof" T cells and a virtual absence of CDS", TcTRaf” T cells. The mitotic activity
of BB rat T cell is antigen driven and stimulated by the small size of the peripheral
blood lymphocyte of these animals. Activated macrophages are the first mononuclear
cells to infiltrate the pancreatic islets of BB rats and NOD mice. Early depletion of
macrophages prevents the onset of diabetes. “The macrophage produces an excessive
amount of nitric oxide, which has been shown to be toxic for B cells in vitro. Further,
the incidence of diabetes is decreased in BB rats treated with inhibitors of nitric oxide
synthase” (Ramanathan and Poussier, 2001).

Due to the convenience, lower cost and effectiveness of chemical
induces diabetic rats, streptozotocin was frequently used in many studies (Yang et.al.,

2007, El-Hilaly et.al., 2007, Andrade-Cetto et.al., 2007).

3. Potential plants used in the treatment of diabetes mellitus and MRSA infection
in diabetic foot
3.1 Anti-diabetic plants
It was obviously that the treatment of people with diabetes is focused
on blood sugar and following its complication. Recently, there are many kinds of
medicine but almost all are chemical or biochemical agents which have side-effect
such as hypoglycemia, lactic acid intoxication and gastrointestinal upset. The drugs
commonly used in clinic to treat or control diabetes are showed in Table 1.
3.2 Plant as anti MRSA
The foot ulceration in diabetes mellitus is a serious complication which
accounts for 20% of diabetes-related hospital admissions in the UK (Tentolouris,

et.al. 1999). Diabetic patients with MRSA infections develop severe



Table 1. The drugs commonly used in clinic to treat or control diabetes.

Groups of drugs

preparations

Insulin

There are many kinds of preparations

Sulfonylureas (SU)

Tolbutamide (Dggo, Orinase),
Glibenclamide (Glyburid, HB419,
Micronase, Daonil), Gliclazide
(Diamicron), Glibenese (Minidiab),
Glurenorm (Gliquidone), Glutril
(Glibornuride) and Glimepiride, etc.

Biguanide (BG)

Phenformin (Phenethyldiguanidi
Hydrochloridum), Diabenide, DBI),
Dimethylbiguanide (FluamineMetformin,
Diaformin, Diabex, Mellitin, Obin,
Melbine, Metformin hydrochloride,
Glucophage, DMBG)

a-Glucosidase inhibitors (a-GDI)

Glucobay (Acarbose), Viglibose,
Miglitol, Emiglitate, Glyset, Precose

Aldose reductase inhibitor (ARI)

Tolrestat, alredase, Epslstat, Kinedak,

Imirestat, Opolrestat

Thiazolidinediones (TZD)

Troglitazone, Rosigitazone, Pioglitazone,

Englitazone
Carbamoeylmethyl benzoic acid (CMBA) | Repaglinide
Insulin-like growth factor: (IGF) IGF-1

Others

Dichloroacetic acid

(Data from: Li, W.L. et.-al. 2004. Natural medicines used in the traditional Chinese

medical system for therapy of diabetes mellitus. J.Ethnopharmacol. 92:1-21.)




Table 2. Mexican plants reported as Hypoglycemic in 2005 (Andrade-Cetto and

Heinrich, 2005).
Scientific name common name Family Plant part used and Pharmacological Phytochemical
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infections. Antibiotics commonly prescribed were trimethoprim-sulphamethoxazole,
amoxicillin-clavulanic acid, second-generation cephalosporins and clindamycin, all of
which were prescribed on an outpatient basis (Tentolouris, et.al. 2006). However, the
use of antibiotic not only causes side effect but also leads to severe symptom in
patient with allergy.

Because of the side effects of currently used anti-hyperglycemic drugs and
anti-MRSA drug, it is interesting to develop an alternative medicine with low side
effect. Some traditional medicine demonstrated a good practice and shows a very
interesting outcome. Thus, it is important to understand the traditional therapeutics

and natural medicine for diabetes treatment.

4. Ethnopharmacology plant in Family Malvaceae

The hypoglycemic effect of plants in this family has been reported in
international journals such as in Hibiscus rosa Sinensis Linn. (Sechdewa et al., 2001a,
Sechdewa et al. 2001b, Sechdewa and Khemani, 2003) and Abutilon inducum at dose
of' 400 mg/kg body weight (Seetharam et al., 2002).



CHAPTER 11

MATERIALS AND METHODS

Materials
1. Equipments
- Accutrend® meter GCT (Roche Diagnostics, Ltd., Germany)
Balance (AX 205 DeltaRange, Mettler Toledo, Switzerland)

Spectrophotometer Spectronic® Genesys'™ (Milton Roy, USA)
HPLC (Shimadzu SCL-10A VP, Japan)
HPLC Column (Inertsil® ODS-3 5 um x 250 mm, 4EI86275, GL

Sciences Inc. Japan)

Colorimeter (Biomerieux Vitex), HACH company, USA
2. Chemicals

- Glucose, anhydrous (analytical grade, Fluka, Switzerland)

- Streptozotocin (STZ) (Sigma Chemicals Co., Ltd., Germany)

- Accutrend® Glucose (blood) (Roche Diagnostics, Ltd., Germany)

- Accutrend® Triglyceride (blood) (Roche Diagnostics, Ltd., Germany)

- Accutrend” Cholesterol (blood) (Roche Diagnostics, Ltd., Germany)

- Humulin® R (Eli Lilly, USA)

- Diethyl ether (analytical grade, E.Merck, Germany)

- Acetonitrile (HPLC grade, Lab-Scan analytical sciences, Ireland)

- Normal Saline (0.9% sodium chloride injection) (General hospital
products Public Co., Ltd., Pathum Thani, Thailand)

- Commercial pellet food for rats (C.P. Mice Feed; S:W.T. Co. Ltd.,
Samutprakarn, Thailand)

- Mueller Hinton Agar (Merck KGaA, Germany)

- Mueller Hinton Broth (Merck KGaA, Germany)

- Oxacillin 1pg/disc (BD BBL™ Sensi-Disc™, Ref 231319, Becton,
Dickinson and Company, USA)

- Glucose Oxidase (B-D- Glucose: oxygen 1-oxido-reductase; EC

1.1.3.4) (Sigma® Chemical company, Lot 34F-95801, USA)
- Peroxidase (POD, Donor: hydrogen peroxide oxido-reductase; EC
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1.11.1.7) (Sigma® Chemical company, Lot 31F-9500, USA)
- o-Dianisidine Dihydrochloride (3,3’-Dimethoxybenzidine; Fast Blue
B) (Sigma®Chemical company, Lot 062K 5304, USA)

3. Plant material
Plant materials, Malvastrum coromandelianum Garcke was identified by
Royal forest department of Thailand. Plant material used was provided by Mr. Kamol
Vichitpan.

4. Bacteria

Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922,
Enterococcus faecalis ATCC 25212 and Pseudomonas aeruginosa ATCC 27853 were
used as standard strains. Clinical isolates of S. aureus including Methicillin sensitive
S. aureus (MSSA) 15 strains and Methicillin resistant S. aureus (MRSA) 15 strains
were kindly provided by Associated Professor Dr. Pintip Pongpech from Department
of Microbiology, Faculty of Pharmaceutical Sciences, Chulalongkorn University,
Thailand. MRSA were screened by using Agar Disc diffusion method. The strains
of S. aureus which showed no inhibition zone against Oxacillin disc (BBL "™, USA)

on Mueller Hinton agar medium were defined as MRSA.

5. Preparation of agar and broth media
All agar and broth media were dissolved in water and sterilized in autoclave
for 20 minute at 15 Ib/inch? (121° C). Mueller Hinton agar (MHA) and Mueller
hinton broth (MHB) were used for agar diffusion susceptibility test and broth
microdilution susceptibility test, respectively. All test bacteria were tested on MHA

and MHB.

Methods

1. Water extraction of Plant material
The aerial part of M. coromandelianum was dried at 60 °C until constant
weight was obtained. Dried plant was ground and sieved to obtain uniform powder.

Boil 10 kilograms of powder in 100 liters deionized water for 5 min and simmered for
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7-8 hr at 80 °C. Filter and boil residue twice each with 50 liters water. Collect all
three filtrates and spray-dried to obtain spray-dried powder of M. coromandelianum
extract (ME) with yield of 8-10 %.

The spray-dried powder (ME) was dissolved in distilled water to prepare the

ME solution used in testing for hypoglycemic activity and antibacterial activity.

2. HPLC profile and stability of ME
The 10 mg/ml of ME was analyzed by using HPLC in optimum
chromatographic conditions. HPLC is equipped with a UV-VIS detector. HPLC
column is a Cyg column.

The Ultra-pure water and Acetonitrile were filtered using polyamide
membrane with 0.45 um diameter. Column was washed with 100% acetonitrile for 1
hr and equilibrated with 50:50 (acetonitrile:water) for 1 hr. Column was then rinsed
with water for 1 hr. The running time was 45 min. with flow rate 1.0 ml/min,
absorbance detection at 280 nm using UV-VIS detector. Running program was

showed as follows.

0 —5 min 0% acetonitrile 100% water

5-25 min 0-70%acetonitrile 100-30% water (gradient mode)
25-40 min 70% acetonitrile 30% water (step wise mode)
40-45 min 70%-0% acetonitrile 30-100% water (gradient mode)

Column was then washed with water for 1 hr and equilibrated with 50:50
(acetonitrile:water) for 1 hr. The column was rinsed with 100% acetonitile for 1 hr.

before being disconnected and stored.

3. Antimicrobial susceptibility tests of ME
3.1 Agar diffusion susceptibility test
Antibacterial susceptibility test of ME was performed as described
in the standard guideline technique (Lorian, 1991). All test bacteria were inoculated
on tryptic soy agar (TSA) slant and incubated at 37 °C overnight. Bacteria were
washed from surface agar slant with 5 ml sterile normal saline solution (0.9% NaCl)
then adjusted to match turbidity of standard Mecfarland No. 0.5 (equal to
approximately 1 x 10° CFU/ml) by using Colorimeter ((Biomerieux Vitex), HACH

company, USA) and the bacteria were used as inoculum. Twenty ml of Mueller
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Hinton agar (MHA) was pipetted into Petri dish (inner diameter 100 mm). The media
were cooled to room temperature overnight and stock bacterial suspension was
inoculated on agar surface by swab technique.

ME was dissolved in sterile distilled water to prepare 10, 20 and 40
mg/ml solution. Sterile stainless steel cylinders (6 mm inner diameter and 10 mm
height) were placed on the inoculated agar surface. Plant extract solutions were filled
into cylinders (300 pl/cylinder). After pre-diffusion at room temperature for 1 hour,
plates were incubated at 37 °C for 19 hrs. NSS was used as control and Oxacillin disc

was used as control drug in the same inoculate plate.

3.2 Broth macrodilution test for determination of minimum inhibitory
concentration (MICs) and minimum bactericidal concentration (MBCs) of ME

Susceptibility test of ME solution against all bacteria strains were performed
by the broth macrodilution method according to the modified method from NCCLS
(NCCLS, 1999). ME was dissolved in sterile water to prepare 5 ml of 320 mg/ml.
Five ml of 320 mg/ml ME solution was pipetted into 4.8 ml of steriled Muller-Hinton
broth and mixed. Five ml of the first tube was pipetted into 4.8 ml of Muller-Hinton
broth of second tube and repeated this process to make serial two fold dilution. The
final concentrations of extract in the medium were 160, 80, 40, 20 and 10 mg/ml. The
200 pl of stock bacterial suspension culture (1x108 CFU/ml) were pipetted into each
tube to make the final volume of 5 ml. The control tube was 200 pl normal saline
solution replaced stock bacterial suspension. The tubes of inoculated and control
were incubated at 37°C for 24 hrs and the MIC was determined as the lowest
concentration of the extract showed no visible growth of each strain. MBC was
determined by sub-culturing from tubes showing no visible growth with plant extract
on the MHA plates after incubation at 37°C for 24 hours. Plates of the lowest
concentration of ME with no bacterial growth represented MBC wvalue of ME. All

determinations were performed in triplicate.

4. Test for hypoglycemic effect of ME
4.1. Preparation of animal model
Male Wistar rats weighed 70-100 g were obtained from National Laboratory

Animal Centre, Mahidol University, Bangkok, Thailand. Animals were acclimatized
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for 1 week before used under a constant 12 hr light: dark cycle, 22-25 °C and
humidity 55 + 5%. Food and distilled water were given ad libitum. All animals were
weighed and placed in individual stainless steel cage (8x10 inch) at the day the

experiment started.

4.2 Diabetes mellitus induction in animal model

Normal male Wistar rats were fasted overnight (15-18 hr). They were
injected a single dose streptozotocin (STZ) which was freshly dissolved in normal
saline at a dose of 85 mg/kg body weight, intraperitoneally (Brosius, 2003). Normal
saline was injected in control rats. Animals in all groups consumed water and food ad
libitum. Twenty-four hours after STZ injection, blood glucose concentration was
determined. Diabetes mellitus was confirmed in STZ — treated rats by measuring
fasting blood glucose concentration within 48-72 hr after STZ injection. Rats having

blood glucose concentration above 150 mg/dl were considered diabetes in this study.

4.3 Blood collection and determination
Blood sample was collected by cutting tip of rat tail. Blood glucose
concentration was determined by Glucose — oxidase/mediator reaction test strips
(Accutrend” Glucose, Roche Diagnostics, Ltd, Germany) using Accutrend” meters

GCT. Blood glucose concentration was expressed in mg/dl.

4.4 Blood collection for clinical biochemical analysis and hematological
analysis
At the end of experiments, rats were anaesthetized with diethyl ether.
Blood samples (3 ml) were obtained from the heart and collected in heparinized form
or EDTA form. Heparinized form of blood was centrifuged at 3,000 rpm for 5 min.
Supernatant (plasma) was separated for blood clinical biochemistry analysis by Flexor
E automation. Aspartate aminotransferase (AST), alanine aminotransferase (ALT),
alkaline phosphatase (ALP), blood urea nitrogen (BUN) and creatinine were
determined. Blood which was collected in EDTA form was mixed for 5 min by
Hematology series cell mixer (Baker instrument, Thailand) and Complete Blood
Counts (CBC) [total red cell counts, total white cell counts, differential white cell
counts, hemoglobin (Hb) and Hematocrit (Hct) measurement] were measured by

automate monitor (DANAM HC 5710, USA).
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4.5 The hypoglycemic effect of crude water extract from M. coromandelianum
(ME) in normal male Wistar rats
4.5.1 Single — oral dose of ME in glucose tolerance test (OGTT)

A total of 24 rats were divided into 4 groups, each group of 6
rats and fasted overnight (15-18 hrs).

Control group. (Distilled water 1 ml/kg body weight)
Treatment group 1. (5 mg ME /kg body weight)
Treatment group 2. (10 mg ME /kg body weight)
Treatment group 3. (20 mg ME /kg body weight)

Blood samples were collected from tail vein at 30 min-intervals
for determination of fasting blood glucose concentration. Single doses of ME or
water were fed at 30 min prior to feeding of glucose at 1 g/kg body weight, where
blood was collected just before glucose feeding. A blood glucose concentration was
determined at time -30, 0, 30, 60, 90, 120, 150 and 180 min after feeding glucose, by

cutting vein at the tip of rat tail.

4.6 The hypoglycemic effect of ME in diabetic male Wistar rats
4.6.1 Single — oral dose of ME in diabetic rats; non- fasting blood
glucose concentration analysis
A total of 36 rats were divided into 6 groups, each group of 6
rats.
Normal control group
Diabetic rats fed water;
Diabetic rats treat with insulin (Humulin® R) 5 TU/kg body weight,
L.p.;
Diabetic rats fed 10 mg ME/kg body weight;
Diabetic rats fed 50 mg ME/kg body weight;
Diabetic rats fed 100 mg ME/kg body weight;
Non-fasting blood glucose concentration was determined before
administration of ME (at 0 hr). The treated groups were fed ME orally or injected
Humulin® R intra-peritoneally. Blood glucose concentration was measured at 1, 2, 3,

4, 5 and 6 hrs after treatment.
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4.6.2 Repeated-oral doses of ME in diabetic rats; fasting blood

glucose concentration analysis
A total of 36 rats were divided into 6 groups, each of 6 rats.

- Normal control group fed daily with distilled water;

- Diabetic rats fed daily with distilled water;

- Diabetic rats injected with insulin (Humulin® R) 5 IU/kg body

weight/d, i.p.;

- Diabetic rats fed 50 mg/kg body weight/d;

- Diabetic rats fed 100 mg/kg body weight/d;

- Diabetic rats fed 500 mg/kg body weight/d;

Diabetic rats or normal rats were fasted overnight (15-18 hrs)
before day 0, and blood glucose concentrations were determined. The treatments
were given daily for 30 days. On day 15" and 30", fasting blood glucose
concentration was determined at 22 hrs after treatment. Rats were sacrificed, where
blood samples and organs were collected (liver, exocrine pancreas, kidney, eyes, aorta
vascular, femoral nerve and brain). Relative liver weight was calculated by this

equation.

Relative liver weight = Rat’s liver weight  x 100

Rat’s body weight

And relative weight gain was calculated by this equation.

Relative weight gain =Rat’s follow-up weight - Rat’s initial weight x 100

Rat’s initial weight

5. In vitro test for glucose absorption in rat jejunum: everted rat intestine
(jejunum) sac model

Male Wistar rats (200-250 g) were fasted for 19 h, anesthetized with ether,
sacrificed and removed the small intestine. The small intestines were cut at about 10
centrimeter of intestine distal to the pyrorus (the area of jejunum). The small intestine
sac was transferred to a Petri dish filled with cold Krebs-Ringer saline buffer pH. 7.2,
and quickly washed 3 times with cold Krebs- Ringer saline buffer pH. 7.2 before
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everted. A simple procedure for eversion and preparation of an intestinal sac was
showed in Figure 1. One end of the small intestine was tied tightly. A glass rod was
inserted to push the tied end of the sac to evert the mucosal surface out. The everted
intestine was cut 6 cm long and quickly rinsed with Krebs-Ringer saline buffer pH.
7.2 and tied at one end. A syringe with needle was used to fill the sac with Krebs-
Ringer saline buffer pH. 7.2 for 1 ml. The syringe was pulled out and quickly tied the
other end of intestinal sac tightly. The small intestinal sac was kept in cold Krebs —
Ringer saline buffer pH. 7.2 before used.

The intestinal sac was incubated in organ chamber (Figure 2) filled with 10 ml
of 200 mg% glucose in Krebs-Ringer saline buffer pH 7.2 for 1 h, at 37°C, with
oxygen supplied by bubbling of oxygen throughout the chamber. At the end of
incubation period, the sac was removed from the organ chamber. One end of sac was
cut and collected all the buffer inside the sac. The buffer with glucose in the chamber
was also collected. The buffer solution inside and outside the sac were assayed for

glucose concentration by using glucose oxidase test.

6. Acute toxicity test in normal rats (United States Environmental Protection
Agency [EPA], 1998)
Normal male Wistar rats were divided into 4 groups, each of 6 rats.
Control group: normal rats fed distilled water;
Treatment group 1, fed a single dose of 100 mg ME/kg body
weight;
Treatment group 2, fed a single dose of 10 g ME/kg body weight;
Treatment group 3, fed a single dose of 20g ME/kg body weight;
The effective dose of 100 mg ME/kg body weight with significant
hypoglycemic activity in diabetic rats was selected to test for toxicity. In addition, the
excessive doses of 10 and 20 g ME/kg body weight were also tested. Rats were
orally given single dose of ME (treated groups) or distilled water (control group).
General behavior, clinical signs and any toxic effects within 1-4 hr after
administration were observed, i.e., fur, mucous, respiratory system, and lethargy. Rat
weight was recorded on day 0 before feeding ME and on day 5 after feeding ME. On
day 5, rats were sacrificed by sedative method, blood was drawn from heart and test

for biochemistry and hematological analysis.
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Figure 1. The procedure outlined of eversion and preparation of an intestinal sac

(Deyrup-Olsen and Linder, 1979).
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Kreb-Ringer Saline buffer pH=7.2
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Figure 2. Organ chamber using in everted intestine sac experiment (picture from

iWorx/CB Sciences-One, Washington street, Suite 404, Dover NH-03820)
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7. Subacute (30 days) toxicity test in normal rats (United States Food and Drug
Administration [FDA], 2003)
Normal male Wistar rats were divided into 4 groups, each of 6 rats.
Control group: normal rats fed daily with distilled water;
Treatment group 1, fed daily with 100 mg ME/kg body weight;
Treatment group 2, fed daily with 10 g ME/kg body weight;
Treatment group 3, fed daily with 20g ME/kg body weight;

The effective dose of 100 mg ME/kg body weight with significant
hypoglycemic activity in diabetic rats was selected to test for toxicity. In addition, the
excessive doses of 10 and 20 g ME/kg body weight were also tested. Rats were orally
given ME or distilled water daily for 30 days. General behavior, clinical signs and
any toxic effects within 1-4 hr after administration were observed, i.e., fur, mucous,
respiratory system, and lethargy. Rat weight was recorded on day 0 before feeding
ME and weekly after feeding ME. On day 30, rats were sacrificed by sedation
method. Blood was withdrawn from heart and tested for biochemistry and
hematological analysis. Liver, kidney and spleen were collected and carried out for

histopathological examination.

8. Histopathological Evaluation

On day 30 of experiment of repeated —oral doses of ME in diabetic rats
and subacute (30 days) toxicity test in normal rats, organs were collected for
histopathological examination. For repeated — oral doses of ME in diabetic rats
experiment liver, exocrine pancreas, kidney, eyes, aorta, femoral nerve and brain were
collected. In subacute (30 days) toxicity test in normal rats, spleen, liver and kidney
were collected. Rats were anesthetized with ether. The organs were kept in 10%

formalin.

8.1 Preparation of Histological Sections (Luna, 1968)
8.1.1 Fixation
The organs were fixed in the fresh fixative using an aqueous 10%

neutral buffered formalin for at least 24 hrs.

8.1.2 Processing
The organs processing procedure was operated by the followings

process.
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Washing: After fixation, the specimens were washed in running

water for 30 mins.

Dehydrating: the specimens were dehydrated by transferring
through a series of ethyl alcohol of increasing concentrations using 80% ethyl alcohol
for 30 mins, 2 times; 95% ethyl alcohol for 30 mins, 2 times; and 100% ethyl alcohol

for 40 mins, 2 times, respectively.

Clearing: the specimens were transferred to a clearing agent such
as xylene, which is miscible with both 100% ethyl alcohol and paraffin. The

specimens were infiltrated in xylene for 30 mins, 2 times.

Infiltration: following the replacement of alcohol by clearing
reagent, the tissues were immersed in melted paraffin (60°C), which infiltrates

the tissues for 30 mins, 2 times.

Embedding and blocking: when infiltration was completed, the
specimens were transferred to fresh melted paraffin and embedded in a cubical
paraffin mold. After cooling, the melted paraffin was hardened. The paraffin block

was removed and excess paraffin was trimmed away.

8.1.3 Sectioning

A slide of section was prepared by the following steps: the block
of paraffin was secured to the microtome and oriented appropriately with respect to
the knife. With each revolution of the microtome handle, the specimen moved
through the blade and a section of the desired 4-6 um thickness was produced. Each
successive section adhered to the proceeding one, forming a continuous ribbon.
Subsequently, one or more sections were carefully separated from the ribbon and
transferred to the surface of warm water in a water bath at 40-45 °C to produce
softness of paraffin and flatness of the section as well as eliminating wrinkles. The
flattened section was floated onto a slide, which was left for air drying in room
temperature. As the preparation dried, the section adhered to the surface of the slide

(Bacha and Wood, 1990).
8.1.4 Staining

After the section on the slide was dried. The sections were

stained with hematoxylin-eosin reagents.
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Hematoxylin and Eosin (H&E) staining procedure:

The paraffin was removed with xylene for 10 mins, the same
procedure was repeated. The specimens were dehydrated by passing through a
gradual series of decreasing concentrations at absolute, 95% and 70% ethyl alcohol,
respectively, for 2 min with each alcohol concentration. The specimens were washed
in running water for 5 min and stained with Harris hematoxylin solution for 6 mins.
The sections were a bluish-violet color and washed in running water for 5 mins. The
sections were removed the excess hematoxylin in 1% acid alcohol 1 dip, and washed
the excess acid in running water for 5 mins. The sections were then neutralized by
dipping into saturated lithium carbonate (Li,COs3) for 4 dips and washed in running
water for 5 mins. Counterstain the sections with eosin working solution for 1 min to
produce a pink or red color. After stained, the specimens were dehydrated by passing
through a gradual series of increasing concentrations of 95% ethyl alcohol 5 dips and
absolute ethyl alcohol twice for 2 min of each. The specimens were cleared (made
transparent) with xylene for 5 min, 3 times. Permanent mounting prepared by
covering the specimens with a resinous mounting medium (DPX solution) and topped

with a cover slip (Luna, 1968).

8.2 Histopatholegical Analysis
The lesions were given a score ranging from 0 (no remarkable lesions), 1

(mild), 2 (moderate) and 3 (severe).

9. Statistical analysis

Results were expressed as mean =+ standard error of mean (S.E.M.) excepted
the antimicrobial activity part was expressed as mean + standard deviation (SD).
Statistical comparison were made using one way analysis of variance (ANOVA),
followed by Duncan’s Multiple range test (DMRT). From six rats in each group, p —

value < 0.05 were considered significant.



CHAPTER III

RESULTS AND DISCUSSIONS

The biological activity of M. coromandelianum water extract (ME) on
hypoglycemic and anti-microbial activity was studied. The hypoglycemic effect of
ME was investigated in both normal and diabetic rats. Firstly, ME was tested in
normal rats by using single-oral dose in glucose tolerance test (OGTT) to determine
the effect on glucose tolerance in normal rats with normal function of beta cell and
insulin action. Secondly, ME was tested in diabetic induced rats by using single oral
dose and repeated oral dose in streptozotocin-induced diabetic rats to determine
hypoglycemic effect of ME on diabetic rats with streptozotocin-induced beta cell
death. Toxicity of ME in diabetic rats was also studied. Thirdly, the acute and
subacute (30 days) toxicity of ME was determined by histopathological and
biochemical analysis. Finally, the anti-microbial activity of ME was tested against
Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922, Enterococcus
faecalis ATCC 25212 and Pseudomonas aeruginosa ATCC 27853.

1. Crude water extraction of M. coromandelianum (ME)

Aerial part of ME were dried by sunlight and pulverized. Dried plant was
extracted in boiling water and spray dried.. Filtrates were collected. The yield of dried
powder was 8-10% of dried plant.

In this study, one batch of spray-dried extract was used. Sterile water was
used as vehicle to dissolve spray-dried ME powder, which was freshly prepared at

indicated concentration before use.

2. HPLC profile and stability of ME
The use of chromatographic fingerprinting for herbal drugs tends to focus on
identification and assessment of the stability of the chemical constituents in herbal

extracts.
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The HPLC profile of ME was used to determine the consistency of plant
constituents. ME was freshly prepared before each run on HPLC. This study used
only one batch of ME and the HPLC chromatograms of ME after storage as powder at
ambient temperature for 1, 30 and 180 days and freshly prepared as solution before

analysis were shown in Figure 3.

3. Antimicrobial susceptibility tests of ME
According to the evidence that this plant has been used for wound healing in
diabetic foots complication patients in Thailand, the wounds usually infect with
bacteria. It is well known that one of the seriouse diabetic foot
complication is infection which leads to amputation of extremities of in diabetic
patient. Common organisms in diabetic burn infections are Streptococcus, Proteus,
Pseudomonas, Candida species and MRSA (methicillin— resistant Staphylococcus
aureus) (Memmel; 2004). In this study, ME was tested for its antimicrobial activity
against Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922,
Enterococcus faecalis ATCC 25212 and Pseudomonas aeruginosa ATCC 27853 by
using agar disc diffusion susceptibility test and broth macro dilution test.
3.1 Agar diffusion susceptibility test
Agar diffusion susceptibility test was performed to test
antibacterial activity of ME against S. aureus ATCC 25923, Escherichia coli ATCC
25922, E. Faecalis ATCC 29212 and Ps. aeruginosa ATCC 27853. ME solution
showed inhibition zone only against S. aureus ATCC 25923 (9.0 = 0.7 mm with 40
mg ME/ml) as shown in Table 3. It was found that 40 mg ME/ml showed inhibition
zone against 6 strains out of each group of 15 tested strains of MSSA and MRSA
(Table 3.). Inhibition zone against S. aureus ATCC 25923 was 9.0+0.7 mm with 40
mg ME/ml and 8.0+0.5 mm with 20mg ME/ml. It also showed inhibition zone
against MSSA and MRSA. Inhibition zone against MSSA were 14.5 - 20.0 mm for
40 mg ME/ml and 10.2-13.5 mm for 20 mg ME/ml. Inhibition zone against MRSA
were 11.0 - 17.0 mm for 40 mg ME/ml and 15.0+0.7 mm for 20 mg ME/ml in only
one strain among 15 tested strains (Table 3.). The results from agar disc diffusion
method showed that ME did not inhibit all clinical isolates of S. aureus but at least 6

strains of MRSA out of 15 strains were susceptible to ME at 40 mg/ml concentration.
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Figure 3. HPLC chromatograms of ME solution in water, on day 1, 30 and 180 of

storage at ambient temperature.
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Table 3. Inhibition of bacteria growth by M. coromandelianum water extract solution

using agar diffusion method.

Bacteria Clear zone diameter (mm)
40 mg/ml 20 mg/ml Oxacillin 1 pg

plant extract plant extract
S. aureus 9.0+0.7 8.0+0.49 21.0+0.2
ATCC 25923
MSSALI 14.5+0.7 10.5+0.7 22.7+2.1
MSSA2 16.5+2.1 10.2+£3.4 20.2+0.7
MSSA3 20.0+5.7 NZ 20.2+0.7
MSSA4 NZ NZ 232+0.7
MSSAS NZ NZ 19.0+£0.7
MSSAG6 16.5+£3.3 11.5+£2.1 223+14
MSSA7 17.5+0.7 13.5+0.7 21.5+2.1
MSSAS NZ NZ 19.0+2.1
MSSA9 NZ NZ 18.3+0.7
MSSA10 NZ NZ 22.1+0.7
MSSAL1 NZ NZ 17.1£2.1
MSSA12 NZ NZ 20.0+14
MSSAI13 NZ NZ 19.0+14
MSSA14 NZ NZ 21.5+0.7
MSSALIS 16.0+ 1.4 NZ 25.3+3.7
MRSALI 11.0£0.7 NZ NZ
MRSA2 NZ NZ NZ
MRSA3 NZ NZ NZ
MRSA4 NZ NZ NZ
MRSAS NZ NZ NZ
MRSA6 NZ NZ NZ
MRSA7 12.0+0.7 NZ NZ
MRSAS NZ NZ NZ
MRSA9 17.0+0.1 15.0£0.7 NZ
MRSA10 11.0+ 0.7 NZ NZ
MRSAI11 NZ NZ NZ
MRSA12 13.5+0.7 NZ NZ
MRSAI13 NZ NZ NZ
MRSA14 NZ NZ NZ
MRSAI15 12.0+0.70 NZ NZ

Data are mean + S.D.
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ME showed inhibitory effect against the clinical isolates of S. aureus
six out of 15 test strains MSSA were inhibited by 40 mg/ml of ME and 6 out of 15
test strains of methicillin-resistant S. aureus were inhibited by 40 mg/ml of ME.

The clear inhibition zone from ME against S. aureus ATCC 25923,
MSSA 1 and MRSA 9 were demonstrated in Figure 4, 5 and 6, respectively.

3.2 Determination of minimum inhibitory concentration (MICs)
and minimum bactericidal concentration (MBCs) of ME by Broth macrodilution
method.

By using Broth macrodilution method, MICs of ME against S. aureus ATCC
25923 was 40 mg/ml, MSSA was 20 — 40 mg/mi(6 strains among 15 test strains) and
MRSA was 20 — 40 mg/ml(6 strains among 15 test strains). MBCs of ME against S.
aureus ATCC 25923 was 80 mg/ml, against MSSA was 40-80 mg/ml and against
MRSA was 40-80 mg/ml, respectively (Table 4).

MIC and MBC of ME against S. aureus ATCC 25923 and patient’s isolated
strains were determined by broth macrodilution method. MIC of M.
coromandelianum against S. aureus ATCC 25923 was 40 mg/ml while MBC was 80
mg/ml. For MSSA, ME showed MICs at 20-40 mg/ml and MBCs at 40-80 mg/ml.
Similarly MICs and MBCs of ME against MRSA were 20-40 mg/ml and 40-80
mg/ml, respectively. ME was shown to be bacteriostatic agent at the lower
concentration and bactericidal agent at higher concentration.

The antimicrobial active compound of M. coromandelianum had never been
reported. The related plant such as Abutilon indicum and Hibiscus rosa sinensis Linn.
have Myricetin which showed hypoglycemic activity. Myricetin was also reported of
its antimicrobial = properties -against different bacterial strains (el-Gammal and
Mansour, 1986).

Thus, ME. can inhibit growth of swamp and abscess causing bacteria (S.
aureus) which is usually found in diabetic foot infections. It was very interesting to
further investigate antibacterial activity of ME against bacteria which also found in
diabetic foot infections such as Streptococcus spp., Proteus spp. and Candida spp.
Therefore, ME is beneficial for diabetic patient not only to decrease blood glucose
concentration but also to inhibit growth of bacterial complication involved diabetic

foot infection.
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4. Test for hypoglycemic effect of ME

4.1. Preparation of animal model and diabetes mellitus induction in animal
model
The protocol of this study has been approved by ethic committee of The
Faculty of Pharmaceutical Sciences, Chulalongkorn University, Bangkok, Thailand
(No. 181/2006). Rats of weight about 70-100 g were used in this study. Rats were
induced with STZ at dose of 85 mg/kg body weight by single intraperitoneal injection
(Brosius, 2003). Rats having fasting blood glucose concentration higher than 150
mg/dl were considered diabetes in this study. Rats showed moderate diabetes, i.e.

fasting blood glucose concentration of 200-300 mg/dl were used.

4.2 The hypoglycemic effect of crude water extract from M. coromandelianum
(ME) in normal male Wistar rats
4.2.1 Single-oral doses of ME in glucose tolerance test (OGTT) in normal
rats
Four groups of each 6 normal Wistar rats were fasted overnight (15-18 hrs).
Single dose of plant extract solution (ME) or distilled water (control) were fed at 30
min prior to feeding of glucose at 1 g/kg body weight. Treatment groups 2, 3, and 4
were fed solution of ME orally at dose 5, 10, and 20 mg/kg body weight, respectively;
and group 1 (control group) fed distilled water, at 30 min before glucose feeding.
ME-treated rats showed significantly decrease (p<0.05) in blood glucose
concentration compared with control group at 30 min after glucose feeding (Figure
7.).
Blood glucose concentration at 30 min of treatment group 2, 3 and 4 were
138.2 = 7.41, 124.3 + 5.93 and 109.6 + 5.12 mg/dl, respectively; whereas that of
control group was 155.1 £ 5.09 mg/dl. " Percentage blood glucose concentration
decrease was 10.9, 19.8, and 29.3%, respectively. All concentration of 5, 10, 20 ME
mg/kg body weight significantly decreased blood glucose concentration (p < 0.05) in

normal rats.
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Figure 4. Agar diffusion susceptibility test of ME against S. aureus ATCC 25923.
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Figure 5. Agar diffusion susceptibility test of ME against MSSA 1.
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Figure 6. Agar diffusion susceptibility test of ME against MRSA 9.
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Table 4. MICs and MBCs of M. coromandelianum water extract against S. aureus.

Bacteria MIC (mg/ml) MBC (mg/ml)
S. aureus ATCC 25923 40 80
MSSA1 40 80
MSSA 2 40 80
MSSA 3 20 40
MSSA 6 40 80
MSSA 7 40 80
MSSA 15 40 80
MRSA 1 40 80
MRSA 7 40 80
MRSA 9 20 40
MRSA 10 40 80
MRSA 12 40 80
MRSA 15 40 80
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ME showed hypoglycemic effect in normal rats. Then the hypoglycemic

effect of ME was further studied in streptozotocin induced hypoglycemic rats.

4.3 The hypoglycemic effect of ME in diabetic male Wistar rats

4.3.1 Single-oral doses of ME in diabetic rats; non-fasting blood glucose
concentration analysis

Effect of single-oral dose of ME on fasting streptozotocin induce diabetic rats
was studied to determine the optimum dose that reduces blood glucose concentration.
Treatment groups 4, 5, and 6 were given ME orally at dose 10, 50, and 100 mg ME/kg
body weight, respectively. Rats were given orally ME or distilled water or
intraperitoneal 5 IU/kg body weight of insulin injection at 0 hrs. Blood were
collected to determine blood glucose concentration at 0 hr and every 1 hr for 6 hrs.
The result showed in Figure 8. In all treatment groups of 10, 50, and 100 mg ME/kg
body weight, non-fasting blood glucose concentration decreased significantly at 1 hr
after feeding ME in diabetic rats (p<0.05) compared with diabetic rats fed distilled
water (control group). ME showed good hypoglycemic effect corresponds to 5 IU
/kg body weight of insulin injection where duration of action of 50 and 100 mg
ME/kg body weight lasted for 6 hrs similar to that of insulin.

The oral ME administration of a single oral dose of 10, 50, and 100 mg/kg
body weight in diabetic rats significantly decreased non-fasting blood glucose
concentration within 1 hr after ME feeding. Only 50 and 100 mg ME/kg body weight
showed the decreased blood glucose concentration equivalent to that of normal level
with long duration of hypoglycemic action (Figure 8).

ME, thus, can reduce non-fasting blood glucose concentration in normal rats
or in streptozotocin-induced diabetic rats whose insulin was decreased. Thus, in
normal rats whose glucose homeostasis still functions, ME may function through
elevation of insulin secretion . or  extra-pancreatic actions influencing glucose
metabolism such as, stimulation of glucose uptake by peripheral tissue. In this model
of diabetic rats, however, insulin may be almost absent, therefore, decrease in non-

fasting blood glucose concentration may reflex only the peripheral uptake of glucose.
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Figure 7. Effect in normal rats of feeding at time -30 minute of single oral
doses of ME from M. coromandelianum in glucose tolerance test.

Glucose, 1 g/Kg body weight, was given orally to each rat at time 0.

Symbols represents mean + S.E.M. ; * significant at p<0.05
Group 1. Normal control group fed distilled water (N = 6);
Group 2. Normal rats fed 5 mg ME/kg body weight (N= 6);
Group 3. Normal rats fed 10 mg ME/kg body weight (N=6);
Group 4. Normal rats fed 20 mg ME/kg body weight (N=6).
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. Figure 8. Effect of single oral doses of ME in non-fasting diabetic rats.

*significant at p< 0.05, compared to diabetic rats fed water.

Symbols represents mean + S.E.M.

Group 1. Non — diabetic rats (N=6);

Group 2. Diabetic rats fed distilled water (N=6);

Group 3. Diabetic rats, insulin (Humulin®) 5 TU/kg body wt., i.p. (N=6);
Group 4. Diabetic rats fed 10 mg ME/kg body wt. (N=6);

Group 5. Diabetic rats fed 50 mg ME/kg body wt. (N=6);

Group 6. Diabetic rats fed 100 mg ME/kg body wt. (N=6).
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4.3.2 Repeated-oral doses of ME in diabetic rats; fasting blood glucose
concentration analysis

The effect of ME using repeated-oral doses for 30 days was investigated in
diabetic rats. Diabetic or normal rats were fasted overnight (15-18 hrs) prior
treatment day 0, and blood glucose concentrations were determined. The treatment
groups were given ME daily for 30 days. On day 15™ and 30™ fasting blood glucose
concentrations were determined at 22 hrs after treatment. The result showed in
Figure 9. Rats were sacrificed, where blood samples and organs were collected
(liver, exocrine pancreas, kidney, eyes, aorta vascular, femoral nerve and brain) for
histopathological evaluation.

Repeated oral doses of 100 and 500 mg ME/kg body weight/days showed
significant reduction of blood glucose compared with diabetic rats treated with
water(control group) on day 15 and 30 (Figure 9.). A dose of 50 mg ME/kg body
weight/day also showed significant reduction of blood glucose on day 15. The
histopathological examination revealed non - remarkable lesions of the liver, exocrine
pancreas, kidney, eyes, aorta vascular, femoral nerve and brain of treated rats
sacrificed after experiment ended on day 30. Figure.20 showed degeneration of [-
cells caused by streptozotocin in diabetic rats compare to non-diabetic rats. Diabetic
rats fed ME showed relative liver weight comparable to that of normal rats, while
relative liver weight of diabetic rats fed distilled water decreased significantly. This
suggests protective effect of ME to maintain the liver weight in diabetic condition. In
addition, blood parameter in diabetic rats did not showed any significant differences
when compared with normal rats in repeated oral doses experiment feeding 50, 100,
and 500 mg ME/kg body weight/day for 30 days (Table 5.).

Feeding single oral doses of ME in non-fasting diabetic rats as well as feeding
repeated oral doses in diabetic rats showed significant blood glucose reduction ME
reduced blood glucose concentration level in streptozotocin-induced diabetic rats
whose pancreatic B-cells were damaged and very low level of insulin is anticipated to
remain. Thus, ME decreased blood glucose level of the animal either in the presence

or in the absence of insulin or at much lower level of insulin.
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Figure 9. Effect of repeated oral doses of ME in diabetic rats on fasting
blood glucose concentration. * significant at p< 0.05, compared to diabetic rats

fed water.

Symbols represents mean + S.E.M.

Group 1. Non — diabetic rats (N=6);

Group 2. Diabetic rats fed distilled water (N=6);

Group 3. Diabetic rats, insulin (Humulin®) 5 IU/kg body wt/d., i.p. (N=6);
Group 4. Diabetic rats fed 50 mg ME/kg body wt/d. (N=06);

Group 5. Diabetic rats fed 100 mg ME/kg body wt/d. (N=6);

Group 6. Diabetic rats fed 500 mg ME/kg body wt/d. (N=6).
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Table 5. Relative liver weight on day 30 after daily oral repeated — doses of ME in

diabetic male Wistar rats.

Group Relative liver weight (Mean%+S.E.M)
Non — diabetic rats (N=6) 3.4+0.34

Diabetic rats fed distilled water (N=6) 2.7£0.24%*

Diabetic rats, insulin (Humulin®) 5 TU/kg 3.6+0.18

body wt/d., i.p. (N=6)

Diabetic rats fed 50 mg ME/kg body 3.4£0.13

wt/d. (N=0)

Diabetic rats fed 100 mg ME/kg body 3.5+0.12

wt/d. (N=6);

Diabetic rats fed 500 mg ME/kg body 3.4+0.54

wt/d. (N=6);

* Significant difference at p < 0.05 when compared to normal control

group fed water (N= 6 for each group).
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Table 6. Biochemical and hematological analysis of blood in diabetic male Wistar rats after daily feeding water extract of

M. coromandelianum (ME) for 30 days.

Ciroup RIC WHO MOV Platelets MNeu Lamp ALT ART AlLP BLUN Creatinine
(x (ecllipl) (fl) (% lﬁ'tfpll fecllul) {eclliph {umitml) (umtfml) {umtfml) (mg/dl} imgfdl)
10%ul)
MNormal 6.840.2 | 931343894 | 67.841.3 | 49.34£17.6 | 463.8497.4 | |1285.34239.6 | 45.846.4 155.4434.9 | 388.6453.3 | 15.4L1.2 | 060004

control rals

Diobetic fed | 6.3£1.1 | 1745.0£586.4 | 65.820.9 | 67.2+27 0| 002, 1£31.4 | 1872.5£308.2 | 79.8£42.5 | 147.5£34.3 | 369.2£29.0 | 23.3£1.9 | 0.6£0.05
distilled
water

Diaberic rats, | 7.2£0.2 | 1640.02491.5 | 65.8£0.6 | 63.5£13.24 442.22117.4 | 1573 1£454.6 | 10662553 | 158.04£26.1 | 731.6£212.6 | 32.840.3 | 0.5:0.04
insulin
{Huiuulin&]
5 1L kg body
wt., L.
Dhiabetic fed 56609 | 1868 3+£332.5 | 65.8£1.0 | 46504 J 421 922204 | 162B.9+225 8 | 42 5+4.5 139727 5 | 36134510 | 200721 | 064001
50 mgMFE/ kg
body wt/d

Mhabctic fed S5.840L8 | 2521745773 | 658407 | 417454 | 547480123 22‘1!515?-\}:3'35.9 JOM2 R FIS.B£17.5 | 39974372 | 17.241.6 | O0.64004
100mgME/kg

body wit/d

[t

Diabetic fed | 6.12£0.2 | 2350.0£511.0 | 64.7£1.0 | 32.2+7.3 | S05.0£121.5 | 181 7.44385.9 ), 48.325.6 | 148.2422.0 | 465.7+52.0 | 28.0+1.4 | 0.6£0.05
S00meME/ ke
Body wi/d

No significant difference was observed when compared to normal control group fed water (N= 6 for each group).

Data are Mean + S.E.M.
RBC = Red blood cell count Lymp=_Lymphocytes Neu = Neutrophils
WBC = White blood cell count ALT = Alanine transminase (E.C.2.6.1.2) ALP = Alkaline phosphatase(E.C.3.1.3.1)

MCV = Mean corpuscular volume AST = Aspatate transminase (E.C. 2.6.1.1) BUN = Blood urea nitrogen
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Figure 10. Effect of repeated oral doses of ME in diabetic rats on fasting
plasma triglyceride concentration. * significant at p< 0.05 (multiple range test),
compared to diabetic rats fed water (group 2).

Symbols represents mean = S.E.M.

Group 1. Non — diabetic rats (N=6);

Group 2. Diabetic rats fed distilled water (N=6);

Group 3. Diabetic rats, insulin (Humulin®) 5 [U/kg body wt/d., i.p. (N=6);

Group 4. Diabetic rats fed 50 mg ME/kg body wt/d. (N=6);

Group 5. Diabetic rats fed 100 mg ME/kg body wt/d. (N=6);

Group 6. Diabetic rats fed 500 mg ME/kg body wt/d. (N=6).
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Figure 11. Effect of repeated oral doses of ME in diabetic rats on fasting

cholesterol concentration. ~ * significant at p< 0.05 (multiple range test),

compared to diabetic rats fed water (group 2).

Symbols represents mean = S.E.M.

Group 1. Non — diabetic rats (N=6);

Group 2. Diabetic rats fed distilled water (N=6);

Group 3. Diabetic rats, insulin (Humulin®) 5 IU/kg body wt/d., i.p. (N=6);
Group 4. Diabetic rats fed 50 mg ME/kg body wt/d. (N=6);

Group 5. Diabetic rats fed 100 mg ME/kg body wt/d. (N=6);

Group 6. Diabetic rats fed 500 mg ME/kg body wt/d. (N=06).
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Triglyceride and Cholesterol analysis in Figures 10 and 11, respectively,
showed mild hypolipidemic effect of ME in diabetic rats (rat’s normal fasting
triglyceride 105.2+26.4 mg/dl; fasting cholesterol 92.90+23.11 mg/dl ( Ringler and
Debich, 1979)).  In diabetic rat treated with Humulin® 5 IU/kg body wt/d., i.p., 50
mg ME/kg body weight and 500 mg ME/kg body weight showed significant
decreased fasting plasma triglyceride after treatment daily for 30 days (Figure 10). In
parallel, fasting plasma cholesterols also decreased after treatment daily for 30 days of
50 mg ME/kg, 100 mg ME/kg and 500 mg ME/kg (Figure 11). It is interesting and
might be beneficial that fasting plasma triglyceride and cholesterol decreased after
subacute daily treatment for 30 days.

Relative liver weight of rats was determined by comparing liver weight and
body weight in term of percentage. Table 5. show that diabetic rats in control group
fed distilled water showed significant decreased relative liver weight compared to
non-diabetic rat (normal control group fed distilled water). The reduction of body
weight was observed in diabetic rats (Figure 12 and 13.).  This might due to effect of
diabetes which might inhibit normal growth of rats. On the other hand, in groups
treated with insulin (Humulin®) 5 TU/kg body wt/d., i.p., and treated with 50, 100 and
500 mg ME/kg body weight showed normal relative liver weight compared with non-
diabetic rats(normal control group) suggested the protective effect of ME.

Hematological parameter and blood chemistry parameters in Table 6. showed
that all parameters were comparable to that of normal control group except high level
of ALP in the insulin treated diabetic group. This also supported by the fact that gross
lesion was not found in all treated groups. Histopathological examination of pancreas
showed the degeneration of B-cell in streptozotocin-induced diabetic rat groups
compared with non-diabetic groups as showed ‘in Figure '20. Histopathological

examination of liver showed non-remarkable lesion between groups (Figure 21.).

5. In vitro test of glucose absorption in rat jejunum using everted rat intestinal
(jejunum) sac model

There are many possible of mechanisms of action for hypoglycemic
activity of ME such as the elevation of insulin secretion or extra — pancreatic actions
influencing glucose metabolism such as, stimulation of glucose uptake by peripheral

tissue, correction of insulin resistance, inhibition of the endogenous glucose
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production or activation of the glycogenesis pathway by stimulating glycogen
synthetase activity and inhibition of intestinal glucose absorption. In this study, we
selected to investigate the hypoglycemic effect of ME on inhibition of glucose
absorption by using everted rat intestinal (jejunum) sac model.

Glucose transported from everted intestinal sac was measured by using
glucose oxidase test and standard curve of standard glucose concentration vs. rate of
reaction (Figure 14) was used to determine glucose concentration inside and outside
intestinal sac.

ME in Krebs Ringer saline solution showed no effect on glucose absorption
using everted rat’s intestinal sac model as showed in Figure 15, although a positive
control using agent capable of inhibiting glucose absorption should be included in the

same experiment.

6. Acute toxicity test in normal rats

The effective dose of 100 mg ME/kg body weight with significant
hypoglycemic activity in diabetic rats was selected to test for toxicity. In addition, the
excessive doses of 10 and 20 g ME/kg body weight were also tested. Rats were given
orally single doses of ME or distilled water. Behavior of treated animal was observed
for 5 days. Acute toxicity test in normal male Wistar rats demonstrated that ME did
not induce any sign of toxicity within 5 days. Noticeable changes in diet and water
consumption was not observed. Relative liver weight of the ME-treated rats showed
no significant difference from the control group (Table 7.).

The physical examination was also observed every day after treatment. There
were no changes of skin, fur, eyes, mucous membranes, respiratory function, and
general behavior as visually observed. Body weight was measured before treatment
and after treatment for 5 days. Body weight was not significantly different between
treatment groups and control group fed distilled water (Figure 16). Hematological
and biochemical analysis of blood was observed in Table 8. There was no significant
difference of all hematological and biochemical parameters between treated and
control groups. The enzymes AST, ALT, and ALP were not higher than that of

normal control.
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Figure 12. Percentage of relative body weight gained on day 14 after daily oral
repeated-does of ME in diabetic male Wistar rats. * significant at p< 0.05 (multiple

range test), compared to diabetic rats fed water.

Symbols represents mean = S.E.M.

Group 1. Non — diabetic rats (N=6);

Group 2. Diabetic rats fed distilled water (N=6);

Group 3. Diabetic rats, insulin (Humulin®) 5 IU/kg body wt/d., i.p. (N=6);
Group 4. Diabetic rats fed 50 mg ME/kg body wt/d. (N=6);

Group 5. Diabetic rats fed 100 mg ME/kg body wt/d. (N=6);

Group 6. Diabetic rats fed 500 mg ME/kg body wt/d. (N=06).
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Figure 13. Effect of repeated oral doses of ME in diabetic rats on rat’s body weight.

* significant at p< 0.05, compared to diabetic rats groups.

Symbols represents mean = S.E.M.

Group 1. Non — diabetic rats (N=6);

Group 2. Diabetic rats fed distilled water (N=6);

Group 3. Diabetic rats, insulin (Humulin®) 5 [U/kg body wt/d., i.p. (N=6);
Group 4. Diabetic rats fed 50 mg ME/kg body wt/d. (N=6);

Group 5. Diabetic rats fed 100 mg ME/kg body wt/d. (N=6);

Group 6. Diabetic rats fed 500 mg ME/kg body wt/d. (N=06).
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Figure 14. Linear correlation between rate of glucose oxidase (coupling with

peroxidase) and glucose concentration.
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Figure 15. Study of glucose absorption inhibition of ME on everted rat’s small

intestinal sac (Data are mean = S.E.M.; no significant between group (p > 0.05)).
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Table 7. Relative liver weight in normal rats on day 5 post-treatment with ME at high

oral single-dose.

Group Relative liver weight (Mean%+S.E.M)
Normal control fed distilled water (N=6) 4.9+0.28

Normal rats treated 100 mg ME/kg body 4.840.17

weight (N=6)

Normal rats treated 10 g ME/kg body 4.8+0.30

weight (N=6)

Normal rats treated 20 g ME/kg body 4.8+0.31

weight (N=6)

No significant difference was observed when compared the treated groups

to control group (N= 6 for each group).
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7. Subacute toxicity test in normal rats

Toxicity of repeated dose were studied for potential adverse effects of ME.
Repeated dose studies may be of varying duration, generally 1 to 4 weeks for
subacute studies, 3 months for sub-chronic studies, and 6-12 months for chronic
studies (Nelson et al. 2001). Subacute toxicity with rodents is generally conducted
for 14 or 28 days (one month). Results of these studies help to predict appropriate
doses of the test substance correspond to future sub-chronic or chronic toxicity studies
(FDA, 2003). The study of subacute toxicity of ME for 30 days was investigated in
normal rats using effective dose of 100 mg/kg body weight/day and excessive dose of
10, and 20 g ME/kg body weight/day.

The physical examination of rats was recorded everyday until the experiment
ended. Skin, fur, eyes, mucous membranes, respiratory function and general behavior
were observed before and after daily feeding of ME in treated groups or distilled
water.  In contrast, no significant changes in diet and water consumption were
observed. There were no sign of toxicity visually observed on skin, fur, eyes, mucous
membranes, respiratory function and general behavior. Body weight was measured
everyday before feeding of ME or distilled water. The rat’s relative body weight gain
and body weight were showed in Figures 17. and 18. where significant difference was
not found in the treated groups compared with control rats fed with distilled water.
Treated rats group fed 100 mg ME/kg body weight/day showed the reduction of
relative liver weight compared with control rats fed distilled water (Table 9.),
however, the excessive dose of 10 and 20 g ME/kg body weight/day showed no

significant difference of liver weight compared with control rats fed distilled water.
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Figure 16. Rats total body weight in acute toxicity test.

No significant difference compared to control group 1.

Symbols represents mean + S.E.M.

Group 1. Normal rats fed distilled water as control (N=6);
Group 2. Normal rats fed 100 mg ME/kg body weight (N=6);
Group 3. Normal rats fed 10 g ME/kg body weight (N=6);
Group 4. Normal rats fed 20 g ME/kg body weight (N=6);
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Table 8. Hematological and biochemical analysis of blood in normal rats in acute toxicity test (feeding single oral dose) of crude water

extract of M. coromandelianum (ME).

Fad
20 gME'kg
body weight

Group RBC WEBC MCV Platelets Neu Lymp ALT AST ALP BUN | Creatinine
X lﬂﬁ!ul} {calliul) ifl} ix 107l celliul) (call/ul) (unit'ml} [unit/ml} (unit/ml} img/dly | (ma/dl)

Mormal 5203 | 2582524443 | 6852l 1765276 | 15492042 | 216932164 | 46,4197 | 32982048 | 93052802 | 32,5229 | 06003

control rats

Mormal rats 4702 | 2000.7£499.1 | 715100 19832256 | 1100£36 | 173152002 | 502428 | 11652114 | 7878615 | 328223 | 05003

Fad1 00

mgME/kg

body weight

Mormal rats 52+0.2 | 2652521684 | 695210 | 203.2:16.0 | 1936413 | 22622430 | 59.7£7.1 | 149.2+£357 | 76962602 | 35,6239 | 052004

Fad

10 gMEkg

body weight

Mormal rats 4800 | 2506,0+198.9 | 68,406 | 1688281 | 1955432 | 20000548 | 607297 | 171.2£47.7 | 66152338 | 336211 | 0532002

No significant difference was observed when compared the treated groups to control group (N= 6 for each group).

Data are Mean + S.E.M.
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Figure 17. Percentage of relative body weight gained on day 30 post-treatment with
ME subacute (30 days) toxicity test. No significant compared the treated groups to
control group (N= 6 for each group).

Symbols represents mean + S.E.M.

Group 1. Normal rats fed distilled water (Control) (N=6);

Group 2. Normal rats fed 100 mg ME/kg body weight (N=6);
Group 3. Normal rats fed 10 g ME/kg body weight (N=6);

Group 4. Normal rats fed 20 g ME/kg body weight (N=6);
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Figure 18. Rats body weight in subacute (30 days) toxicity test.

Total body weights were not significantly different between groups.

Symbols represents mean + S.E.M.

Group 1. Normal rats fed distilled water (Control) (N=6);
Group 2. Normal rats fed 100 mg ME/kg body weight (N=6);
Group 3. Normal rats fed 10 g ME/kg body weight (N=6);
Group 4. Normal rats fed 20 g ME/kg body weight (N=6);
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Table 9. Relative liver weight in normal rats treated with ME at high oral — dose daily

for 30 days.

Group Relative liver weight (Mean%+S.E.M)
Normal fed distilled water (Control) 4.2+0.21

(N=6)

Normal rats treated 100 mg ME/kg body 3.7£0.04*

weight/day (N=6)

Normal rats treated 10 g ME/kg body 3.9+0.08

weight/day (N=6)

Normal rats treated 20 g ME/kg body 3.8+0.08

weight/day(N=6)

* Significant at p < 0.05 compared the treated groups to control group (N=

6 for each group).
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Table 10. Histological parameters and biochemical analysis of blood in normal rats in subacute toxicity test (30 days) of crude water

extract of M. coromandelianum (ME)

Group

RBC
(x 10°ul)

WBC
[celluly

MCV
(fl}

Flatzlers
(x_LO7Vpl)

Meu
jcellul)

Lymp
(celliul)

ALT
{unitfml’

AST
unit'ml}

ALP
(unit'ml}

BUN
(mg'dl)

Creatinine
(mg/dl)

Mormal
control rats

5.1£0.08

31400389 4

T0.4£0.7

o7 2.24659

460.5£100.7

2487.0+305.4

5l.4=4.6

126.4£22.1

536.8£107.3

Iles2.0

0.6£0.07

Normal rats
Fedl00
mgME/kg
body weight/d

524007

38010653 .4

T0.8£0.3

O14.5£37.3

G127+231.2

3564.3£179.6

47,2238

105.2£13.5

498.8£51.7

21.2£1.0

0.6£0.06

MNormal rats
Fad

10 gMEkg
body weight/d

5101

2978.3£575.0

69.6+£1.2

D E£36.7

F69.9£101.2

23464501 .3

18319

B4 B4R

535.3£54.1

215408

0.6£0.05

Mormal rats
Fad

20 gME'kg
body weight/d

3420.0+996.7

68.0+0.7

58021714

#21.5£2628

3405.62913.4

64.2£7.3

111.8+26.8

4083823

2L1£L3

0.5+0.89

No significant difference was observed when compared the treated groups to control group (N= 6 for each group).

Data are Mean + S.E.M.



train
Typewritten Text
61


62

Hematological and biochemical parameters of whole blood and serum of
normal rats showed no sign of toxicity in all treated groups compared to control, they

are all in normal range (Canandian Council on Animal care, 1980) (Table 10).

8. Histophathological evaluations

Histopathological lesions were evaluated after ME feeding daily for 30 day of
both experiments on repeated-oral doses of ME in diabetic rats and in subacute (30
days) toxicity test in normal rats.

Figure 19. showed the B-cells in normal pancreas and degenerative of necrosis
B-cells in pancreatic islet in diabetic rats. Effect of repeated-oral doses of ME was
investigated in diabetic rats. First, the investigation of the pancreatic
histopathological lesions was monitored to confirm the effect of STZ for induction of
diabetes. Histopathological findings showed the lesion of B-cell necrosis by the effect
of STZ diabetic induction (Figure 20) in group 2, 3, 4, 5, and 6. No histopathological
lesion after feeding ME daily for 30 days in both normal and diabetic rat at dose of
50, 100 and 500 mg ME/kg body weight/day. The toxicity of ME on diabetic rats was
determined by histopathological examination of liver. Non-remarkable lesion in liver
of all diabetic groups were observed in comparison to non-diabetic group (Figure 21).

In subacute (30 days) toxicity test in normal rats, liver and spleen were
examine for histopathological lesion as shown in Figures 22 and 23. No remarkable
lesion was found in liver (Figure 22). Daily feeding ME for 30 days at doses 100 mg,
10 and 20 g ME/kg body weight showed no remarkable histopathological lesion
compared to control. On the other hand, excessive dose of ME caused partial
lymphoid depletion in spleen at dose of 10 g ME/kg body weigh/day and 20 g ME/kg
body weight/ day which was shown by decreasing of white pulp of spleen although

not too severe (Figure 23).
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ﬁroup 5. Group 6.

Figure 20. Photomicrographs of rat pancreas after repeated-oral dose treatment of ME
in STZ induced diabetic rats for 30 days. The light-staining apical portion of the
pancreatic exocrine cells contains® zymogen granules, the base dark-staining
ergastoplasm. Degenerative and necrotic pancreatic islets cells were marked in STZ
induced diabetic groups 2,3,4,5 and 6 (Hematoxylin & Eosin stain x400).

Group 1. Non — diabetic rats (N=6);

Group 2. Diabetic rats fed distilled water (N=6);

Group 3. Diabetic rats, insulin (Humulin®) 5 IU/kg body wt., i.p. (N=6);

Group 4. Diabetic rats fed 50 mg ME/kg body wt. (N=6);

Group 5. Diabetic rats fed 100 mg ME/kg body wt. (N=6);

Group 6. Diabetic rats fed 500 mg ME/kg body wt. (N=6).
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Group 5. Group 6.

WU F=N

Flgure 21. Pﬁqi(o%llcrogrmh? QF ?Qf i‘ﬁw?r;aﬁta@ Ileﬁqﬁfl%dj orél dpse treatment of ME in

.....

centfa Vi

‘ Fﬂggma I?W évf-pg‘fojilidﬁ W;%Ve?ﬂf 1ﬂ}f§ttat§ﬁje§' ot fo
degeneratlon in dlabetlc rats fed distilled water. (Hematoxylln &‘Eosm stain x200)
Group 1. Non — diabetic rats (N=6);
Group 2. Diabetic rats fed distilled water (N=06);
Group 3. Diabetic rats, insulin (Humulin®) 5 TU/kg body wt., i.p. (N=6);
Group 4. Diabetic rats fed 50 mg ME/kg body wt. (N=6);
Group 5. Diabetic rats fed 100 mg ME/kg body wt. (N=6);
Group 6. Diabetic rats fed 500 mg ME/kg body wt. (N=6).
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Figure 23. Photomicrographmi spleen after a subacute (30 days) toxicity test,
feeding daily of ME or distilled water forjgﬁ rats. Mild to moderated
lymphocytic dep were illustrat se of ME at 10 g ME/kg
and 20 g ME/kg boH Wompamon to control group.
(Hematoxylin & Eosin stadelO(z:A
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Group 1. Normal rats fed distilled water Con
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Group 3. Normal rats fed 10 g ME/kg body weight (N=6);
Group 4. Normal rats fed 20 g ME/kg body weight (N=6);




CHAPTER IV

CONCLUSIONS

ME extraction using boiling in water and spray-drying method gave a
yield of approximately 10%. Crude water extract of M. coromandelianum was tested
against S. aureus ATCC 25923, E. coli ATCC 25922, E. faecalis ATCC 29212 and
Ps. aeruginosa ATCC 27853 using agar diffusion method inhibition zone was
observed only against S. aureus ATCC 25923. 40 mg/ml of plant extract shown
inhibition zone against 6 out of 15 test strains of each group of MSSA and MRSA.
MICs and MBCs of plant extract against MSSA are 20 — 40 mg/ml and 40-80 mg/ml,
respectively using Broth macrodilution method. And MICs and MBCs of plant extract
against MRSA are 20 — 40 mg/ml and 40 — 80 mg/ml.

For glucose tolerance test in normal rats, crude water extract (ME)
from whole plant of M. coromandelianum, feeding at doses 5, 10, and 20 mg/kg body
weight significantly decreased blood glucose concentration at 30 min after feeding
glucose 1 g/kg body weight.

Feeding ME in non-fasted, diabetic rats at single doses of 10, 50 or 100
mg/kg body weight showed that ME either at 50 and 100 mg/kg body weight
significantly decreased blood glucose concentration at 1 hr and lasted through 6 hr to
a level comparable to that of insulin injection, i.p., 5 U/ kg body weight or of normal
rats.

Repeated-doses of ME given orally to rats at 50 mg, 100 mg and 500
mg/kg body weight/day or insulin injection at 5 IU/kg body weight/day or control
group fed distilled water, for 30 days significantly decreased fasting blood glucose
concentration on day 15 and 30 compared with diabetic rats treated with water. In
diabetic rat treated with Insulin 5 IU/kg body wt/d., 1i.p., 50 mg ME/kg body weight
and 500 mg ME/kg body weight showed significantly decreased fasting plasma
triglyceride after treatment daily for 30 days.  Fasting plasma cholesterol also
decreased after daily treatment for 30 days of 50 mg ME/kg, 100 mg ME/kg and 500
mg ME/kg. Histopathological examination did not show any abnormalities of the

liver that could be attributed to toxicity of the extract either in normal rats or diabetic
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rats for such repeated doses for 30 days. No sign of toxic effect was observed in acute
and subacute toxicity test in normal rats at doses 100 mg, 10g and 20g.

Histopatholigical examination of pancrease liver and spleen in rats fed
repeated-oral doses of ME for 30 days. Diabetic-complicated organ such as kidney,
eyes, aorta vascular, femoral nerve, spleen and brain showed no histopathological
lesion after feeding ME daily for 30 day in both normal and diabetic rat at doses of
50, 100 and 500 mg ME/kg body weight/day.

Daily feeding of ME for 30 days of effective dose 100 mg/kg body weight
caused no remarkable histopathological lesion in liver and spleen. On other hand,
excessive dose of ME cause various degree of lymphoid depletion in splenic white
pulp at dose of 10 g ME/kg body weigh/day and 20 g ME/kg body weight/ day.

In conclusion ME effectively decreases blood glucose concentration in normal

and diabetic rats and appear not to have toxic effect on liver.
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Appendix A

Reagent

1. Krebs-Ringer Saline. This is prepared from stock solutions on each day of
experimentation (the solution may deteriorate, even if stored in the refrigerator)
(Deyrup — Olsen, 1979).

Sodium chloride, 0.75 M

Potassium chloride, 0.75 M

Calcium chloride, 0.75 M

Magnesium chloride, 0.75 M

Phosphate buffer: 2ml 1 N HCI + 1.78 g Na,HPO, (or 2.68 g
Na,HPO,4.7H,0) made up to 100 ml with distilled water; this solution to be prepared
on the day of the experiment.

: Mix 100 ml NaCl + 4 ml KCI + 3 ml CaCl; + 2 ml MgCl,; to 100 ml of the
mixture add 21 ml of phosphate buffer, and make up to 500 ml. For experiments on
glucose transport, add 1g glucose (glucose concentration = 200 mg %; other
transportable solutes may, of course, be substituted for glucose, but at least 100 mg %
glucose should be present even in such cases, to serve as a substrate for the tissue).

The pH of this solution is 7.3.

2. Enzymatic assay of glucose oxidase (E.C. 1.1.3.4)

A. 50 mM Sodium Acetate Buffer, pH 5.1 at 35 °C (Prepare 200 ml in
deionized water using Sodium Acetate, Trihydrate, Sigma Prod. No. S-8625. Adjust
to pH 5.1 at 35 °C with 1 M HCL.)

B. 0.21 ' mM o-Dianisidine Solution (Dissolve the content of one 50 mg vial of
o-Dianisidine Dihydrochloride, Sigma Stock No. 510-50, in 7.6 ml of deionized
water. Dilute 1.0 ml to 100 ml with Reagent A.)

C. 10% (w/v) B-D (+) Glucose substrate solution (Prepare 10 ml in deionized
water using -D (+) Glucose, Sigma Prod. No. G-5250.)

D. 0.17 mM o-Dianisidine and 1.72% (w/v) Glucose solution (Reactoin

Cocktail) (Immediately before use, prepare 29 ml by combining 24.0 ml of Reagent B
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with 5.0 ml of Reagent C. Equilibrate to 35°C and adjust to pH 5.1 if necessary with
1 M HCI or 1 M NaOH. (prepare fresh)

E. Peroxidase Enzyme Solution (POD) (Immediately before use, prepare a
solution containing 60 Purpurogallin units/ml of Peroxidase, Type II, Sigma Prod. No.
P-8250, in cold deionized water.)

F. Glucose oxidase enzyme solution (For all Glucose oxidase product
numbers, except for crude products (Sigma Prod. Nos. G-6766 ) prepare an initial
solution of 20 — 40 units/ml in cold reagent A. Then immediately prior to use, further
dilute to 0.4 -0.8 unit in cold reagent A. For crude products (Sigma Prod. Nos. G-
6766 and G-1262), immediately prior to use prepare a solution of 0.4 — 2 units/ml in
cold Reagent A.)
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Appendix B.
Table 11. Hematological and blood chemical value of repeated — oral dose of ME in diabetic rats
NO | RBC | WBC Hb Ht | MCV | Platlets | Neu | Eos | Baso | Lymp | Mono | ALT | Alk | Bun | Creati | AST | Notice
x10%ul | cell/ul | g/dl % fl x10°/ul | % % % % % U/ml | U/ml | U/ml | mg/dl | mg/dl

1 6.5 | 1,190 15 45 | 69 35 pipJ - 78 - 45 | 549 | 14 0.6 114

2 6.8 - - - - - - ¢ L : - 58 | 443 | 15 0.5 280 | vy
3 7.4 330 14 441 70 101 - / 62 | 233 | 20 0.5 173

4 - 2403 16 0| 67 102 - / 35 392 | 14 0.7 134

5 7.0 - - - 66 - - ; X \ - - - - - - vy
6 7.8 | 1890 15 |4 63 98 42 1 > 55 2 29 | 326 | 14 0.5 76

7 6.9 | 1750 16 |32 67 22 28 | - L 72 - 176 | 910 | 22 0.5 218

8 6.3 | 2280 14 |46 67 40 27 |1 5 72 - 10 | 295 | 17 0.5 114

9 9.5 430 13 |40 65 48 - 2 z : - 18 | 1689 | 32 0.6 156

10| 69 920 20 | 64 71 = = = = 4 351 | 362 | 78 0.5 4

11| 67 790 14 |46 69 69 - . : - > 12 | 680 | 29 0.6 214

12| 1.5 | 3670 14 |44 63 62 24 1 - 74 1 73 | 454 | 19 0.3 88

13| 66 | 1210 3 10 66 39 320 - - 68 - 36 | 398 | 21 0.5 188

14 | 12 | 1850 14 |45 68 90 18 | 1 ] 80 ] 202 | 268 | 23 0.7 | 300

15| 69 370 2 7 65 64 - - - - - 42 326 | 22 0.5 102

16 | 6.6 | 4330 15 |46 68 79 21 [ I 77 2 30| 337 | 17 0.6 83

17| 69 600 14 |4 67 47 24 - - 76 - 36 | 450 | 26 0.8 87
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Table 11. Hematological and blood chemical value of repeated — oral dose of ME in diabetic rats (cont.)

88

NO | RBC | WBC Hb Ht | MCV | Platlets | Neu | Eos | Baso | Lymp | Mono | ALT | Alk | Bun | Creati | AST | Notice
x10%ul | cell/pl | g/dl | % | fl x10/pl | % | % | % % % | U1 | UN| UA | mg/dl | mg/dl
18 6.9 2110 14 45 65 79 16 - 3 84 - 43 437 31 0.6 125
19 6.0 2900 13 41 68 47 21 e E 79 - 43 432 23 0.6 118
20 7.8 1610 16 52 67 49 23 E 3 57 = 26 273 12 0.6 88
21 | 6.0 770 12 |37] 62 31 4 / : ) ; 53 |184| 20 | 0.7 | 152
22| 65 | 2690 | 14 |43 | 66 56 17 | 3 : 79 1 38 [530] 18 | 0.6 | 124
23 | 69 | 1920 | 14 | 44| 64 69 220 |- X 76 2 39 |424| 26 | 0.6 88
24 | 62 | 1320 | 13 | 42| 68 27 19 | 2 d 78 1 56 (325 25 | 0.6 | 268
25 | 65 | 1500 | 13 | 44| 67 45 15 | .1 : 84 1 38 [312] 14 | 04 | 107
26 | 65 | 329 | 14 |44 | 68 31 26 | - = 72 1 33 348 17 | 0.6 80
27 | 69 | 4640 | 15 | 46| 66 66 20 | 1 A 80 4 41 |440| 19 | 0.6 | 104
28 | 64 | 1870 | 13 |40 | 63 39 20 | 2 = 79 - 49 1429 15 | 0.7 | 141
20 | 62 | 3080 | 13 |40 | 65 30 18 | - a 79 ] 43 320 14 | 05 | 189
30 | 2.0 750 4 13 | 66 39 - 1 - - - 30 [549| 24 | 0.6 74
31 | 62 | 2320 | 13 |41 66 51 22 19 1 / 77 - 31 [331] 26 | 0.6 70
32| 64 | 4570 | 14 | 43 | 68 50 23 | 1 - 76 - 371387 25 | 05 90
33 | 57 | 1190 | 11 |36 | 64 40 25 |1 ; 74 ) 541610 30 | 0.6 | 197
34 | 67 | 2440 | 14 | 43| 65 6 19 | 1 - 80 - 70 [366] 31 | 05 | 180
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Table 11. Hematological and blood chemical value of repeated — oral dose of ME in diabetic rats (cont.)

89

NO RBC WBC | Hb | Ht | MCV | Platlets | Neu | Eos | Baso | Lymp | Mono | ALT | AST | ALP | BUN | Creati | Notice
x10%ul | cell/ul | g/dl | % fl [x10%/ul| % | % | % % % U/l | UL | UL | mg/dl | mg/dl
35 6.2 2470 | 12 | 38 | 6l 24 o J 2 - 52 | 366 | 24 0.5 172
36 53 1110 | 11 | 34 | 64 22 ¥ ] ! 82 ; 46 | 473 | 32 0.8 180
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Table 12. Hematological and blood chemical value of acute toxicity of ME in rats

90

NO | RBC WBC | Hb | Ht | MCV | Platlets | Neu | Eos | Baso | Lymp | Mono | ALT | AST | ALP | BUN | Creati Notice
x10%ul | cellpl | gdl | % | A |x10%ul| % | % | % % % | Ul | Ul | UM | mgdl | mg/dl

1 54 | 3660 | 11 | 36| 66 218 | 16 | 4 | - 76 4 - | 417 | 1008 | - ;

2 ; ; - - ; ; ™ / : " 118 | 531 | 540 | 36 :

3 . . - - - ; 1 £ - 83 : 16 | - |1045| - - Hemolysis

4 | 586 | 586 | 12 | 42| [ 229 14 A X 83 15 | 50 | 101 | 927 | 28 0.6

5 | 424 | 424 | 9 |30 ] 70 118 v ! 98 1 5 | 497 | 1010 | 39 0.6 | Hemolysis

6 | 531 | 531 | 11 | ] 67 141 | 11 | - : 80 9 43 | 103 | 1053 | 27 0.5 | polychromasia

7 | 424 | 424 | 10 [ 30| 70 | 300 | 7| 1 | - | 85 7 | 60 | 111 | 753 | 38 | 0.6 | Titem

8 | 427 | 427 | 9 |30 70 | 24 | 4 | o f . | o3 4 | 46 | 105 | 790 | 39 | 0.6 | semeeion

9 | 521 | 521 | 12 | 3¥] 74 148 7 |1 L 85 7 57 | 160 | 581 | 35 0.6

10 | 553 | 553 | 12 | 38| 68 199 2 | 1 - 92 5 44 | 95 | 960 | 25 0.5

11| 416 | 416 | 9 |31 | 74 144 g - : 76 17 | 50 | 140 | 682 | 32 0.6

12 | 519 | 519 | 11 |38 | 73 165 6 | - - 88 44 | 88 | 958 | 28 0.4

13| 462 | 462 | 11 | 32| 69 225 5 - . 87 8 48 | 88 | 745 | 49 0.6

14 | 454 | 545 | 12 |37 | 67 160 8 |1 ! 89 2 60 | 106 | 672 | 32 0.5

15 : : - - : ; - |- - - - 88 | - | 643 - - Hemolysis

16 ; ; - - : : NI, a - . 46 '| 136 981 | 39 04 | Hemolysis

17 | 538 | 2500 | 12 |39 | 7 198 7 | 3 - 84 6 44 | 128 | 925 | 31 0.5
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Table 12. Hematological and blood chemical value of acute toxicity of ME in rats (cont.)

NO RBC WBC | Hb | Ht | MCV | Platlets | Neu | Eos | Baso | Lymp | Mono | ALT | AST | ALP | BUN | Creati | Notice
x10°/
x10%ul cell/ul | g/dl | % fl ul YTt % % U/l | Ul | Ul | mg/dl | mg/dl

18 3010 12 39 72 198 7 3 - 81 6 72 288 | 652 27 -

19 3250 10 30 66 111 6 3 2 88 3 43 100 | 721 36 0.5
20 2510 11 34 69 95 5 2 - 86 7 106 | 405 | 688 30 0.4
21 2440 | 12 | 37 69 208 6 3 - 88 3 67 | 107 | 647 36 0.5
22 2180 | 11 | 33 69 191 14 | 3 - 78 5 48 | 112 | 773 36 0.6
23 2150 | 10 | 33 69 239 8 7 - 77 8 46 | 160 | 588 32 0.5
24 - - - - - - - - - - - 54 | 143 | 552 32 0.5
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Table 13. Hematological and blood chemical value of short - term toxicity of ME in rats

92

NO RBC WBC | Hb | Ht | MCV | Platlets | Neu | Eos | Baso | Lymp | Mono | ALT | AST | ALP | BUN | Creati | Notice
x10%pul | cell/ul | g/dl | % fl x10%/ pul | % % % % % U/l | Ul U/l | mg/dl | mg/dl
1 54 2400 13 | 38 70 869 13 1 - 84 2 39 85 563 26 0.5
2 52 2000 13 | 35 68 1214 10 1 - 85 4 56 129 | 519 32 0.7
3 - - - - - - - - - - - 66 208 | 142 33 0.4
4 4.9 3700 12 | 36 72 912 15 - - 85 - 51 89 748 38 0.8
5 5.0 3800 13 | 36 72 1008 14 - - 86 - 45 121 | 712 29 0.6
6 5.2 3800 12 | 36 70 858 21 - - 78 - - - - - -
7 5.2 3400 13 | 37 71 790 9 1 - 90 - 54 159 | 449 30 0.6
8 54 4300 13 | 38 70 942 9 - - 90 1 45 99 740 30 0.8
9 4.9 1006 13 | 36 73 1006 15 - - 84 1 41 77 384 26 0.7
10 5.3 5300 13 | 37 70 875 15 1 - 83 1 63 130 | 475 28 0.4
11 5.1 3500 13 | 36 71 1023 13 1 - 83 3 41 75 520 24 0.6
12 5.0 5300 12 | 35 70 853 25 1 - 71 3 39 91 425 25 0.5
13 5.5 4700 14 | 38 70 1064 11 - - 88 1 33 73 433 29 0.8
14 5.0 3200 13 | 37 74 808 7 1 - 91 1 45 75 534 30 0.7
15 53 3900 12 | 35 66 964 18 - - 79 3 40 100 | 462 28 0.5
16 4.8 3700 12 | 33 69 1005 14 - - 85 1 35 75 444 24 0.5
17 4.8 4300 12 | 32 67 903 16 - - 79 3 44 90 689 27 0.6
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Table 13. Hematological and blood chemical value of short - term toxicity of ME in rats (cont.)

93

NO RBC WBC | Hb | Ht | MCV | Platlets | Neu | Eos | Baso | Lymp | Mono | ALT | AST | ALP | BUN | Creati | Notice
x10%ul | cell/ul | g/dl | % fl x10*/ pul | % % % % % U/l | Ul U/l | mg/dl | mg/dl
18 52 2300 13 | 37 72 901 16 - - 81 3 39 96 650 27 0.7
19 52 2400 12 | 36 68 435 20 - - 79 1 69 190 | 369 33 0.6
20 4.5 3500 11 | 30 67 946 28 |1 - 67 44.8 46 84 587 24 0.6
21 4.8 2500 11 | 32 66 46 2 1, 1 - 97 - 73 134 | 487 30 0.7
22 5.74 7200 14 | 38 69 515 13 - - 83 4 48 106 | 600 32 0.6
23 - - - - - - - - - - - 56 156 | 350 34 0.7
24 5.0 1500 13 | 35 70 959 6 - - 93 1 57 580 | 580 30 0.6
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